< | NCREMENTAL | DEOGRAPHI C Aor0et—0
RACTER | NPUT NMETHOD/ BACKGROUND OF THEIPGS odpvto

FYENTION 1. Field of the I nvention The present invention relates
tola “Wser interface for entry of ideographic characters into a conputer.
2. ‘The PriorArt Computer entry of ideographic characters presents a

difficult user interface problem For exanple, in the basic Chinese

"al:phabet", there are 5,401 characters, each character corresponding to a

di fferent neanlng or word. A keyboard WQV|ng 5,401 keys is inpossible to

elther build or use as a practical .matter. The prior art contains
di fferent ways of approaching this problen1 The first
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1. Eield of the Invention
The present invention relates fo a user interface for entry of ideographic

characters into a computer.

2. The PriorArt
Computer entry of ideographic characters presents a difficult user interface
problem. For example, in the basic Chinese “alphabet”, there are 5,401 characters,
* each character corresponding to a different meaning or word. A keyboard having

5,401 keys is impossible to either build or use as a practical matter.

The prior art contains two different ways of approaching this problem. The first
employs a keyboard where more than one key is required to enter a character. The
second employs a tablet-and a software handwriting recognition system that

recognizes entire characters.



|'®ys a kéyboard where nore than one key is required to enter a
gfaracter. The second enploys a tablet and a software handwiting
j;oOgnition systemthat recognizes entire characters.

25 There are various keyboard entry nethods for ideographic
characters. For exanple, there is a keyboard, called the Ziran I nput
System produced by Multi-Corp of Calgary? Canada, where each key

corresponds to gha a}éwﬁus%%yﬁgmdﬁgﬁgﬁpgg% CtersLFénhaped’

etc.). In order to enter a cha user Shape of
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' sound or subset of the character (known as a radical). See, e.g., United States Patent
5,131,766 to Wong; United States Patent 4,669,901 to Feng; or United States Patent
4,684,926 to Yong-Min.

All of these keyboard entry systems are non-intuitive. Each requires an
extensive practice period fqr proficiency. For example, for the Ziran Input System, a
novice usér typically uses é'ﬁnger to write out-the entire character on the table befﬁre '
pressing any keys. The difficulty arises from the fact tt;at it is non-obvious which stroke
type is actually closest the desired character. This determination requires some

thought from the novice user.

For Asian ideographic character enu:y, another source of difficulty of entry is the

number of strokes in a character. Some characters comprise up to 30 strokes.

There is a mitigating factor that improves the usability of the Ziran Input System.

The system provides multiple hypotheses after every keypress. The hypotheses are a



e”is actually closest the desired character. Thi s determ nation requires
.+ thought fromthe novice user. For Asi an ideographic
ch;hrapter entry, another source of difficulty of entry is the nunber of
stiiokes in a character. Sone characters conprise up to 30 strokes.
There is a mtigating factor that inprowes the usability of the Ziran Input
System The system provides multiple hypotheses after every keypress. The
hypot heses lisk of up to about 10 characters that are consistent with the keys pressed sofar. 3 | i st
of up to about 10 characters that are consistent with the keys pressed so
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strokes of a character before the systemnarrows the |ist of candidates
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The other approach for entering ideographic characters is to use a pento
naturally write an entire charaéter on a graphics tablet. For example, see United
| States Patent 4,561,105 to Crane, et al.; United States Patent 4,365,235 to Greanias,
et al., or United States Patent 5,462,711 to Kitamura. A software recognition system
- aftempts to find the character that most closely matches the strokes entered on the
tablet.” Some ideographic character recognizers only recognize neatly printed
characters. However, neatly printing the entire character can take a long time. To
speed_ up the character entry process, people will naturally connect strokes to form

cursive writing. However, cursive writing can be very idiosyncratic and/or very sloppy,

which resuits in poor accuracy when the software tries to recognize what was written.

In addition, prior art examples of idebgraphic character recognizers require a
tablet with either a display immediately undemeath the tablet, or a tablet that senses
the proximity of the pen hovering above the tablet. These technologies have been

hitherto necessary to allow the effective combination of writing strokes and selecting



St es Patent 4,561,105 to Crane. et alL; United States Patent 4,365,235 to
ghnias, et al., or United States Patent 5,462,711 to Kitamura A software
I &6 gnition system attenpts to find the character that nmost closely
mat:¢h&s the strokes entered on the tablet. Sone ideographic character
recogni zers only recogni ze neatly printed characters. However, neatly
printing the entire character can take a Fong time. To speed up the

char act er .G%Hné’ﬁl_€§§ﬁ§/or Bﬁé’z&b&r%ﬂa@é&éﬂ rx-ﬂ:!wle\OgP %ﬂ?&#th%éé Rhitoibded QR
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i deographi c character recognizers require a tablet with either a display
i mmedi ately underneath the tablet, or a tablet that senses the proximty
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t hat character, based on the beginning and.ending points of these strokes, quantized to a

9x8 grid. If the character cannot be uniquely identified based on these two strokes, a
list of canqidates will be displayed to the dser for selection. In an afternative

- embodiment disclosed by Monroe et al., the user can enter specific additional strokes
to disambiguate the cﬁaracter identification. These additional strokes can be the
second and the penultimate stroke, the last stroke of a radical, or the stroke

immediately after the radical.

There are serious limitations in the ease of .use of the system disclosed in
Monroe. These limitations stem from the primitiveé recognition algorithm used. Since
“the recognition algorithm is a lookup table, with no error correction disclosed, the user
must start and end the particular stroke in the exact 9x9 grid elemeht required by the
system. [f the user starts or ends the stroke in an adjacent square, the system will fail
to recognize the character. The system disclosed in Monroe, et al. supplies a grid
overlay on the input tablet to assist ih the drawing of the strokes. However, users often

- cannot remember the exact starﬁng or ending square for all strokes of all 5401



an input tablet to accept strokes of an i.deographic character. The
e starts by witing the first and | ast stroke of the character. The
sys emthen identifies the character, based on the begi nning and endi ng
poitht § of these strokes, quantized to a 9x9 grid. 1f the character cannot
be uniquely identified based on these two strokes, a |ist of candidates
wi Il be displayed to the user for selecti®on. In an alternative enbodiment
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disambiguate it from other characters, the probability of recognition is (.95Y\36= 16%.

Clearly, the system disclosed in Mgiiroe, etal. must limit itself to recognizing
characters with only a very few strokes. lt is well known to those skilled in the art that
the first and last strokes are the most infonﬁaﬁve for Chinese characters. Monroe etal.
- take advantage of this fact, aﬁd tﬁus the user must start by writing the first and last

strokes of the character, possibly followed by kéy strokes near the end of the radical.

However, being forced to write the first, then the last, then possibly some .
arbitrary stroke in the middle of the character is very non-intuitive and efror prone. if
the user starts writing strokes in the well-known correct stroke order, it can typically
take 3 to 18 strokes before the cﬁaracter is disambiguated, due to many characters
sharing the same initial radical, which can have as many as 17 strokes. As discussed
above, the Monroe, et al. system will have unacceptabfy high error rates if the user

writes in the well-known correct stroke order. In addition, forcing the user to write the



Scharacters. Furthernore, if the input tablet is very small, as in a
Bfjuchpad, it is difficult to exactly hit the correct grid square while
ﬁmltlng rapidly. Being forced to start and end strokes in the exact grid
squafe is an error-prone, unconfortable process. If starting or ending a
stroke in the correct square is a 95% successful process, then after two
strokes, the probability of recognitionis (.95)[err]4 = 81% If six
strokes areharader iregl nbamnaturglangmdribyrforcirigethe ehey pf stpekes! ih an orlier &th@omiahi on
with the Monroe et al. systemis (.95)[err]12=54% If the character is
very conpl theadrégr inaltich BBy wesld h8turallydeewritten, cdn@ﬁabs 8 ehingsy And AEHD ot her
characters, the probability of recoghition is ( )[err]36= 16@6

Clearly, hﬁﬁmamakgﬁmﬁeﬁakpsed in Mnroe, et al. nust Ilimt itself to
recogni zing characters with only a very few strokes. It is well known to
those skilled in the art that the first and | ast strokes are the nost
informative for Chinese characters. Monroe et al. take advantage of this

fact, and thus [t Rean\stjbctoi e pledbdt RVertioh td Bdatdgn fncrsrhemalertashethdlifOkes
of the character, possibly followed by key str.okes near the end of the

radi cal . ideographic dHARY&ES thAtedBUs RERAE Wifte Wirbkss e Wdlisown@irdehe | ast,
then possibly some arbitrary stroke in the mddle of the character is very

non- i nt ui tdrder, W]eeg,m(;ﬁa.ﬁ{amy? altigh d8RirasaEtest arts witing strokes in the
wel | -known correct stroke order, |t can typ| cally take 3 to 18 strokes
before the character is di sanbi guat ed, due to many characters

ft is another object of the present invention to provide an ideographic character

input method that is as intuitive as printing a character on a tablet.

It is a further object of the present invention to provide an ideographic character
input method which is fastgr and more accurate than standard ideographic character

recognitioﬁ.

~ Yet another object of the present invention is to provide a method for using low-
cost téblets without proximity detection or a display in order to enter ideographic

characters.

It is another object of the present invention to provide an incremental
ideographic character input method which overcomes some of the shortcomings of the

prior art. -



Siar] ng the sane initial radical, which can have as many as 17 strokes. As
iscussed above, the Monroe, et al. systemw || have unacceptably high

©firqr rates if the user wites in the well-known correct stroke order. In
#ddition, forcing the user to wite the .

6 character in a non-natural manner by forcing the entry of strokes in an
order other than the order in which tHey would naturally be witten,

conprises a clunsy and nognlgggqs@,pm!gpw]‘m,\, It is an

obj ect of the present inventron to create an | Ncrene n% al entry nethod for
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than st anqgyghdae O RRiKes GheWaftb# in the natural order in which the ideographic

| character would be written (hereinafter “natural stroke order”). A stroke list is initialized

with these first stroke(s), and the stroke list is supplied to an incremental character
recognizer, which produces a hypothesis list of candidate characters that contain
thes§ first stroke(s). The user then can select a correct character from among the.
-candidate characters on the hypothesis list-by pointing at the desired candidate
character, or the ixsér can write an additional stroke of the character if no candidate
character is coirect. This additional stroke is added to the stroke list, and the stroke list.
is supplied to the incremental-character recognizer, which produces a new hypothesis

- list. The method continues to accept strokes until the user selects a hypothesis.

In addition, the user interface can accept commands from the user, which can
" be used to delete some or all strokes in the stroke list, stop the recognition process, or

send other commands to the character'reobgnizer, application, or operating system.

According to an altemative embodiment of the present invention, the user can

alternate writing strokes in two different windows. With the act of writing a stroke in the



FEgcognition. Yet anot her object of the present invention is to
jjovide a nethod for using |low cost tablets w thout proximty detection

DK a display in order to enter ideographic characters. It is
aﬂot‘her obj ect of the present invention to provide an increnental

| deogr aphi ¢ character input nethod whi %h over cones sone of the shortcom ngs

of. the prior art.

BRI EF DESCHRHRF WG, thé fséNﬁEﬁE’cég\ﬁ\at the first eﬁégﬁﬁ gaﬁ%tlispfbr a user

i nterface method for’ per orm ng entry of eogra racters in

conput er. %tgas%(%m{ieﬁ ﬁ‘@ﬁd{"n%&%bﬁ @ghéateps First, the user

enters at ne st I deographi aracter on a tablet or
t ouchpad. The strokes are vvritten in the natural order in which the
i deographic character would be witten (hereinafter "natural stroke

order”). A strokg lebu?ﬁ gf@m&bhhéhhaﬁﬁaragq&%ﬁar i fs'rﬁé&eézlx‘%f %\ﬁa”d the
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placement allows the user to run his or her finger along the edge of the touchpad to

highlight various commands or candidates. The user does not need to look at his or
her finger but rather can feel the bezel of the touchpad to find the edge. Edge-placed
commands enable the use of the touchpad as an effective ideographic input device,
becaasa the touchpad does not sense the proximity of a pen or Egger. which normally
hinders the utility of touchpads as absofute-mode pointing devices. Edge-placed
‘commands enable the use of any input devices which do not have proximity sensing

or a display mounted beneath the touchpad. -

The incremental recognizer of the present invention is superior to the prior art,
because it is based on statistical pattem classifiers, which can be used to create a
much more accurate incremental 'reoognition system. The first part of the incremental

 recognizer is a pre-classifier, which limits the character candidates from all possible
character candidates to a much smaller group in order to speed up recognition . A
detailed classifier then determines the identity of the partial or full character being
written. There are two neural networks which make up a detailed classifier. The first

network is a two-layer time-delay neural network, which is optimized for recognition of



ng the

candi date characters on the hypothesis list by pointing at the

sired candidate character, or the user can wite an additional stroke of

#he character if no candidate character is correct. This additional stroke

is added to the stroke list, and the stroke list is supplied to the
I ncrenment al character recognizer,—mhichgproduces a new hypothesis list.

The net hogaeAlldnArESelsO THE §oonalrcBkErk is'Bitvb-ldyap sta?.aar@rf&watn‘énﬁo&ymm;?hesi .

In addition, the user 1nterface can accept cormands fromthe user,:
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reécogni tion process, or ~send other commands to the character recogni zer,

appl i cati QRmik E@{)@dﬁ@g a;S Vié?lmwhich \g[v%rks wef\36066th rbgftfa@aﬁ@c@rhm%fé‘at ive

errbodi ment of the

strokes i_rb

8:other win

present entl1on, € user can ternate It ng

naRe1Blst TRE Stoutcafiiftio ol theth RAoRS istheh sfedprbBligs N 1 he

the user ndi cates t e firrst can ate |

candi dat eﬂybﬁﬂwefs%rlié‘l.he stroke(s) witten in the first w ndow should be

sel ect ed.

As a post-processing step, the incremental recognizer manipulates the

hypothesis list. Characters that definitely have fewer strokes than the user has written

a

re deleted from the hypothesis list. Characters that are subsets of other characters on

the hypothesis list-are either promoted towards the front of the list, or are inserted at

the front of the list.

RIEF DESCRIP R

 FIG. 1is a block diagram of apparatus for implementing the incremental

ideographic character input method of the present invention.

FIG. 2 is a diagram of a typical display window for use in the incremental

ideographic character input method of the present invention.

FIG. 3 is a flow diagram illustrating the initial steps performed by the input

processor of the current invention.



SHel éction of commands and character candidates is nade easy by using a
&ouchpad and placing the selection regions at the edges of the w ndow. This
‘pl acement allows the user to run. his or her finger along the edge of the
‘tlouchpad to highlight various commands or candi dates. The user does not
need to look at his or her finger butorat her can feel the bezel of the
touchpad to find the edge. Edge-pl ace commands enabl e the use of the

t ouchpad as anFl.féeista flowidiagragmadiitstiating punresenily peeferred embogiment fordaitinpad
does not sense the proximty of a pen or finger, which normally hinders
tihe utili pener fingerdpan precesaing cicovrdingiodhe oietiidachof the prresent indptiom| aced
commands enabl e the use of any input devices which do not have proximty
sensing or a display nmounted beneath the touchpad. The
i'ncrenental recognizer of the present invention is superior to the prior
art, Dbecause FlG.iSistmfod dagrahadiustratingitheabtessingcdtepspéifamed bptheh can be
used to create a much nore accurate increnental recognition system The
first parmetiiod bitherpresert im\ention darng apen drdingepdewr intervalfl afber, thetnittd | imts
the character candidates fromall possible character candidates to a nuch
smal | er gpempown picter to speed up recognition . A detailed classifier
then determnes the identity of the partial or full character being
witten. There are two neural networks which make up a detailed classifier.
The first network is a two-layer time-delay neural network, which is
optim zed for Fi& @gsia lamdiagram illustrating the steps that the input processor performs

when the user lifts the pen or finger from the touchpad or tablet.

FIG. 7 is a diagram showing an altemate embodiment of the display window of

the present invention, which is intended-for experienced users.

FIG. 8 is a flow diagram illustrating the steps that implement the user interface of
AG.7.

- FIG. 9'is a flow diagram showing an optional enhancement to the user interface

which is preferred when the input device is'a touchpad.

FIG. 10 is a flow chart which illustrates a presently preferred implementation of

the incremental recognizer of FIG. 1.
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=partial characters. The second network is a two-layer standard neural
efwork, which is optimzed to recognize conplete characters. The outputs
ofétbe two networks are conbined to produce a system which works well for
both partial and conplete characters. The output comnbination of the two
networks is then sorted to produce a hypothesis list. As a

post - processi ng step, the increnental nqcogni zer nmani pul ates the
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subset s of ipithehr&denk ﬁfio%.on the hypothesis |ist are either pronoted
towards the front of the list, or are inserted at the front of the |ist.
BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a block diagram of
apparatus for inplenenting the increnental ideographic character input

met hod of the prgeqba iy g zﬂﬂ'showﬁlgnf}ozﬂ aft:f%g‘engo&iﬁg ?raﬂ%@?rég?egqﬁﬁﬂé%@i cal

di splay wi ndow for use 1n the 1 ncre ographrc

met hod of 1QIRNEREHE it PR of fuzzy membership variables.

FIG. 12b is a diagram showing how a fuzzy encoding transforms a directional

variable over the range 0 to 360 degrees into a vector of fuzzy membership variables.

FIG. 13 s a flow chart which illustrates the operation of the Directional

Feature Map (DFM) of the classifier of FIG. 11.

FIG. 14 is a block diagram showing the structure and organization of a time-

10 delay neural network (TDNN) suitable for use in the present invention.

FIG. 15 is a block diagram showing the structure and organization of an image- -

based neural network (INN) suitable for use in the present invention.

FIG. 16 is a flow diagram illustrating manipulation of the hypothesis list in order

to increase the chance that the first element in the hypothesis list is the correct answer.



$ "3 is-a flow di agramillustrating the initial steps perforned by the
Igput processor of the current invention.

101 . FIG 4 is aflowdiagramillustrating a presently preferred
enbodi nent for initial pen or finger down processing according to the
met hod of the present invention. 12 FIG 5 is a flow diagram

Illustrating th rogessing steps perforned by the nethod of the present

i nvention duri n3:|§~ bk flowidingsam wiiigh showesithe stepsiin éhe preferred embbdimenn ofiown
poi;nt . FIG 6 is aflowdiagramillustrating the steps that the

i nput procé@%@WﬁQﬁ'ﬁ%ﬂommoﬁE& 1Bifts the pen or finger fromthe

t ouchpad or tablet. FIG 7 is a diagram show ng an alternate
enbodi nent of the display wi ndow of. the present invention, which is

i nt ended-for experienced users. ) FIG 8 is a flow diagram

i | bustrating thEGt Epis a fiew diagrame which showsdke stepa tire thiegurefasfed embodiment of

the hypothesis insertion algorithm of FIG. 16. .

FIG. 19 is a flow diagram which shows the steps in the preferred embodiment of

the hypothesis re-ordering algorithm of FIG. 16.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Those of ordinary skill in- the art will realize that the following description of the
present invention is illustrative only and not in any way limiting. Other embodiments of o

the invention will readily suggest themselves to such skilled persons.

In the specification and claims herein, the phrase “natural stroke order” is used.
- “When used in the specification and claims herein, this phrase-shall mean the order in
~~ which the strokes of an ideographic character are normally written by people to whom

the language is native.

In the-specification and claims herein, the word “pen” is used. Whén used in the

speciﬁcation and claims herein, this word shall mean a position designating device
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toychpad.
preferred
11

pre-classifier suitable for use

FI G 12a i $hatigisagsedbythevinpyf tablet or touchpade Eood istagdarcbgrepbicsriatietc this i israious

FIG 9 is a flow diagram showi ng an o‘bt I onal enhancenent

J'S
'the user interface which is preferred when the input device is a

FIG 10 is a flow chart which illustrates a presently
i mpl enentation of the increnental recognizer of FIG 1.
FIG 11 is a block di agrﬁr?tof the architecture of a
present invention.

scal ar variable into a vector of fuzzy nmenbership vari abl es.

FIG 12b i specigl stylusnwhie foregstandard capaciivedouahpadgthisriasiingens a directi onal
vari able over the range 0 to 360 degrees into a vector of fuzzy nmenbership
vari abl es.

In the specification and claims herein; the phrase “statistical pattern classifier” is
used. When used in the specification and claims herein, this phrase shall mean an
apparatus that classifies input pattems into one of a plurality of classes, the
parameters and/or structure of such a classifier being determined from the statistics of
the input pattems. Examples of statistical pattem classifiers include neural networks,
radial basis functions, classification and regression trees, parametric Bayesian
classifiers, nearest neighbor classifiers, local paramétriE models,. midures of experts,

and polynomial classifiers. A statistical pattem classifier can also consist of a plurality

~ of statistical pattem classifiers whose outputs are combined using a combination

algorithm. Other examples of statistical pattern classifiers are obvious to those skilled

in the art of pattem recognition.

Referring first to FIG. 1, a block diagram illustrates an apparatus 10 for

~ performing the ideographic character input method of the present invention. A user

will iriteract with a computer 12 using a tablet or touchpad 14. According to a presently
preferred embodiment of the invention, thé user will employ a touchpad, because it
has a small footprint (less than 4 inches square), so is easily integrated into a

keyboard or portable computer. The output of the touchpad is processed by an input

processor 16, which implements the method of the current invention. The input



$4G- 13 is a flow chart which illustrates the operation of the Directional
#gature Map (DFM of the classifier of FIG 11. FIG 14 is
a'i;bl ock di agram showi ng the structure and organi zation of a time- 10

dsl ay neural network (TDNN)- suitable for use in the present invention.

FI.G 15 is a block diagram show ng t he- s];ZLucture and organi zation of an

i mage- based neural - network (I NN) itable for use in the present
i'nvent i on.Processor interacts with-aincremeatahrecognizen trdiaws orarhiesen adglisplay 20,
mani pul ati on of the hypothesis list in order to increase the chance
that the fandsendsahamctermessages o thecepeasatingssystem onhepplisation 22aridwenput

12 FIG 17 is a flow di agram which shows the steps in the preferred
enbodi mentprotessor istypicaly Imvplementedasi sofiware ouriningron thereamputer 12.

FFG 18 is a flow di agram whi ch shows the steps in the preferred enbodi nent
of the hypothesis insertion algorithmof FIG '16.

Referring now to FIG. 2, a typical display window 30 of the input processor is
shown. This window 30 can be a window in a standard windowing system, such as X
windows or Windows 95. The window 30 is frequently a subset of the computer's
'd_isplay 20. A portion 32 of the window 30 is reserved for showing the hypotheses
generated by the incremental recognizer. Another portion 34 of the window 30 shows
the strokes written by the user so far. Yet another portion 36 shown on the right s-ide of
" the window 30 s reserved for butions by which the user can issue commands—t—o the

input processor.

According to the preferred embodiment of the invention, the absolute coardinate
system of the touchpad 14 is mapped to the coordinate system of the window 30, and
- the window 30 has the samé aspect ratio as the touchpad, so that the user can reach
the entire window by touching aniywhere in the touchpad. The arrangement of the
regions 32, 34, and 36 shown in FIG. 2 are optimized for use with the touchpad,
because selecting sub-regions within regions 34 and 36 simply require the user to run
his or her finger along the veﬁica! edges of the touchpad. Other arrangements of

regions 32, 34, and 36 are possible within the scope of the present invention.



iy

Iﬁ; "19°is a flow di agram whi ch shows the steps in the preferred enbodi nent
6f! the hypothesis re-ordering algorithmof FIG 16.

......

skill inthe art will realize that the follow ng description of the
present invention is illustrative only angd not in any way limting. O her
enbodi nents of _the invention will readily suggest thenselves to such

ski | | ed per songieferring now to frig. 8he flayslisgrad diusbatesibe initial steps@edormed by

phrase -"natural stroke order"” is used. Wien used in the specification and
cl-ai ms hete NPUE precesrent® obthe cureatinventiono riertouchpadiinput devieestdr okes of an
| deographi c character are nornmall.y witten by people to whom
i s nati veproduces packets afdata pBee inputprooessen s ciust handie tieese, padketsvarad " pen”
is used. When used in the specification and clainms herein, this word shall

mean a podeINASK aRpIPpriatelyig userintastions.

At step 40, the input processor waits for the next packet to arrive from the
touchpad 14. According to a presently preferred embodiment of the invention-, it is
assumed that these packets are queued up by a separate thread of execution, so that
the input processor does not need to have multiple threads of execution. Each packet
has X and_ Y absolute location data from the touchpad, and a signal which ir;dicates

whether a pen (or finger) is in contact with the touctipad.

When a packet arrives to ihe_.inpu‘t processor, step 42 is executed, which stores o
whether the pen is currently in contact with the touchpad in a variable, penDown. Step
44 is theni executed, where the (X,Y) point on the touchpad is mapped to a (C.Y") point
in the window 30 of FIG. 2. As discussed above, while the input processor is executing
the steps of the present inventibn, the entire touchpad is mapped to the entire window,
which has the same aspect ratio as the touchpad. Methods for mapping between
rectang[eé with the same aspect ratio are well-known in the art. Altemative
embodiments can include standard graphics tablets, where the tablet coordinate

system is mapped fo the entire extent of the display 20, as is well-known in the art.

Those of ordinary

t he | anguage



2 that is sensed by the input tablet or touchpad. For a standard graphics
t|plet, this is a special stylus, while for a standard capacitive
t:ldbchpad, this is a finger. In the specification and cl ai nms
Retein, the phrase "statistical pattern classifier" is wused. Wen used in
the specification and clains herein, thigs phrase shall nmean an apparatus
that classifies input patterns into one of a plurality of classes, the

par anet ers and/ Hfte stepddu stepto thge epides whether penDowmis THbE A isdwe; them t he
statistics of the input patterns. Exanples of statistical pattern

cl assi fi er e putip@cessrdeteraiogs teswhich prgion (38a34.0r36h the @rent packet
classification and regression trees, paranetric Bayesian classifiers,

near est neMaARSorthis determination is| “pi-4estipgt anekis wall-know) I8 thenatkt The egign abpbrt s,
and polynom al classifiers. A statistical pattern classifier can also
consi st of isdthgnsteretitiy thedpc yarable et step 48atAfter step|4s stepiSOraxaminesdheut put s
are conbi ned using a conbination algorithm O her exanples of statistical
pattern cl ¥arabie @idPenRovsh which contains dhe value of the penbavmevasiabledor {het t er n
recognition. Referring first to FIG 1, a block diagram

i |1 ust r at eprevicusppacket.Udparopfogram esiry otheivagable oldRentpvapshioulddbeninitisfized i nput
nmet hod of the Eresent I nvention. A user wIll interact with a conputer 12
using a t atst EALSE. tlbeldRenldown is TBYE: thengtapblisexecead. Step 62 & furthed

enbodi ment of the invention, the user will enploy a touchpad, because it
has a snul explaipedin G/ 9.cThen,eontral flowsi e FIS Jaiavhere stapdard peagiown | nt egr at ed
into a

processing is performed.

If oldPenDown is FALSE, then step 54 is executed, which initializes the startLoc
adjl._lstmeht algorithm in stép 54 by initializing an array variable of length 3, dc, to 0 and
initialiiing the variable:changeStart to zero. -Control then flows to an amray variable of
length 3, dc, to 0. Control then flows to FIG. 4, which describes inﬁial pen down
processing. If at step 46, penDown is FALSE, the processor then examines
oldPenDown af step 56. If oldPenDown s also FALSE, the user is not interacting with
the input processor, and the system updates oldPenDown with penDown at step 58,

-and contro! flows back to step 40. If oldPenDown is TRUE at step 56, the pen just went

up and pen up processing occurs as shown in FIG 6.

FIG. 4.illustrates a preferred embodiment of initial pen down processing

according to the invention. The region to which the initial pen or finger down point




gdyboard or portable conputer. The out"put of the touchpad is processed by
g i nput processor 16, which inplenents the nmethod of the current
Envention. The input 14
priocessor interacts with an increnental recognizer 18, draws graphics on a
di splay 20, and sends character ness S to the operating system or
application 22. The input processor is typically inplenented as software
runni ng orgathemappedudaterniifies the behavior ofdhearser inferfacas tHith€pén gdes downjin cal
di;spl ay wi ndow 30 of the input processor is shown.- This w ndow 30 can be a
window i n regeinadd dhen thenulseriwants teswrtananstheh stiekeX If tienubnvgoesrdowmid segiol 5.
The wi ndow 30 is frequently a subset of the conputers display 20. A
portion 338 ftherhthenisatovart9to seleatsecharabiérrandidate. nif themenhggestdoseeia region
generated by the increnental recognizer. Another portion 34 of the w ndow
30 shows 36 ¢hert thekeserwrdnts dnerdgr 4 bemmaad. sAltehaativey ¢ thisiembedimeat caron 36
shown on the right side of the window 30 is reserved for buttons by which

the user caggeststhemselvesiidshdse skilled in theudrt. pFarce@amle, the user may be eayjuitedy t o

the preferred enbodi ment of the invention, the absolute coordinate system

of the touoipesidrhd izp gexupedn afedshun hieassthpat CorBsicrdingftotrbgions 84@w380n and
order to select a candidate or execute a command. FIG. 4 implements the preferred
embodiment of merely starting the pen down in a region to indicate that an object will

be selected from that region.

At step 60, 'the variable startLoc will be loaded with the label of the first pen
down point, contained in the location variable *lo¢”. The variable startloc will serve as
" a mode flag throuéhout the user interface. At step 62, if startLéc is 34, then the user
wants to write a new stroke and step 64 then allocates a new stroke and step 66 adds
the current touchpad point (X.Y) to the stroke.

If startLoc is not 34, step 68 determines whether it is 32. If so, then the user
wants to select a candidate. The input processor then executes step 70 to find the
candidate whose graphical display contains the point (X',Y") and highlights that

candidate. Other graphical interface actions, such as depressing a graphical button or
changing the color of the candidate may be empléyed to indicate selection. The

identity of the selected candidate is stored in the variable oldCandNum at step 72. [f



e Wi ndow 30 has the sane aspect ratio as the touchpad, so that the user
_n reach the entire wi ndow by touchi ng anywhere in the touchpad.:- The
arrangenent of the regions 32, 34, and 36 shown in FIG 2 are optim zed
ar use with the touchpad, because sel ect | ng sub-regions within regions 34
and 36 sinply require the user to run is or her finger along the vertical
edges of the touchpad. O her arrangenent™ of regions 32, 34, and 36 are

possi bl e tatiioc ishnot either34br 82,dhen theqrocassordedides that the user wants to enter
15 Referring nowto FIG 3, a flowdiagramillustrates the initial

stieps per faocomddng. Theheommant whoseggaphical Gisplaytdoatainsrthe (X, Yhpeint ison. The
t guchpad i nput device 14 produces packets of data. The input processor 16

nust handlhighlighted by stept 74 andithe idesttp ofithaselested edntrhiind i steved in theent i ons.
At: step 40, the input processor waits for the next packet to arrive from
the touokypiableldidCAriNumiatgtdpo7& presently preferred enbodi ment of the

I nvention, it is assuned that these packets are queued up by a separate
t hread of execution, so that t he i nput processor does not need to have
mul tiple threads of execution. Each packet has X and Y absol ute |ocation

data from the tAferisisps 66172, or B8 greodxentited  contrdl flgwstsack to step 58 of the flow

chart of FIG. 2, which prepares the processor to accept a new packet.

Referring now to FIG. 5, a flow chart illustrates the processing steps performed
by the method during a pen down interval, after the initial pen down point. These
- steps will cause the stroke to be drawn or allow the user to slide the pen or finger

- along the 'righf and left edge of the touchpad or tablet 14 to select different candidates

or commands.

Step 80. determines whether the user is writing a stroke by determining if
startLoc is 34. If so, the current (X,Y) point is added to the stroke at step 82, and a line
is drawn on window 30 from the previous value of (X',Y") to the current value of (X',Y")
at step 84. Control then flows back to step 58 of the fiow chart of FIG. 2, which

prepares the processor to accépt a new packet.

If startLoc is not 34, step 86 checks to see if the user is selecting a candidate by

determining if startLoc is 32. I so, step 88 determines if the user is still pressing on the




wWEgt Her a pen (or finger) is in ‘contact with the touchpad. When a
pagket arrives to the input processor, step 42 is executed, which stores
whet her the pen is currently in contact with the touchpad in a variable,
penDovvn Step 44 is then executed, where the (X Y) point on the touchpad
Is mapped to a (X .Y') point in the wi w 30 of FIG 2. As discussed
above, while t'he input processor is executing the steps of the present

i nvent i on, candidate area efdoe tquatipadbyrexamining & lohis 32tIf s@, themdtep, 90 sats the has
the sane aspect ratio as the touchpad. Methods for mappi ng between

rect angl es \m'riablet ¢andume tatheddentity of the xradidatel whassvgraphicalhdisglay in window

Al ternative " enbodi nents can include standard graphics tablets, where the

t abl et coor3 ofdhe dispjayt 20rcortaina fheeclirtent O Y )qusition andt controbfiowsto gtep@day 20,
as:‘is well-known in the art.

16 After step 44, step 46 then deci des whet her penDown is TRUE If it
Is true, then the input processor déterm nes to which region (32, 34, or
36) the current Hdackenot im8Psthe Tisesis det tying teeselen ai cantiate, tapdithe yariabld i s
wel | -known in the art. The region label is then stored in the |oc variable
at step 48.caAtiNem istseptold, atsﬂtenoezosmpmmemsdeiea’nmeamfwﬂha aldCaedNDmars thehi ch
contains the value of the penDown variable for the previous packet. Upon
pr ogr am entsame a$ candNumb The pudiesa bb siep S4ds kaimirdmizel the alumbed of graphical

operations on window 30. If oldCandNum is the same as candNum, then no graphical

operations need to occur, and control flows back to step 58 of FIG. 3.

- If oldCandNum is different than candNum, then the candidate highlight must
change. Step 96 de-highlights the candidate that corresponds to oldCandNum, if
* oldCandNum is not -1. Step 98 then highligﬁts the candidate that corresponds to
mndNum. if candNum is not -1. Finally, step 100 updates oldCandNum with the

current value of candNum, and control flows back to-step 58 of FIG. 3.

At step 86, if startLoc is not 32, then the processor decides that the user must be
~ selecting 2a command. At that point, steps 102 through 114 are executed. Steps 102
through 114 are exactly analogous to steps 88 throQgh 100, eSccept they manipulate
the highlighting of commands, not candidates, and they operate on the variables
oldCmdNum.and cmdNum instead of oldCandNum and candNum. Thus, at step 102,

it is decided whether startl.oc is 36, which w_ould indicate a command was intended. I,



g4 FALSE. |If ol dPenDown is TRUE, then step 52 is executed. Step 52 is
pdrther explained in FIG 9. Then, control flows to FIG 5, where standard
pdn down processing is perforned. | f ol dPenDown i s FALSE, then
step 54 is executed, which initializes the startLoc adjustnent algorithm
in step 54 by initializing an array varggble of length 3, dc, to O and
|n|t|aI|Z|ng t he vari abl e-changeStart t6“zero. Control then flows to an

array varighitep b2,  Ragidacitied #at 1écis Aot SR soMmARETS ridt aMBnddd, BhE stdp 1841 ch

describes initial pen down processing. I'f at step 46, penDown I s FALSE,
the procespeh sehetheanEbRIMdNUM READQGhiRI theheBwe o sidp RlgiPenDown is al so
FALSE, the user is not interacting with the input processor and the

syst em updat es ol dPenDown wi th penDown at- step 58, and control flows back
to step 40. If ol dPenDown is TRUE at step 56, the pen just went up and pen
up processing QqegHifeddedOMRahd zé:'h@cﬁted. step 106 ther 448 the VAddbT ERURGTR

preferred enmbodi nent of initial pen down processing according to the

| NVenti on.to ¥He idetie 8t he diirkdnd WRod brkbAibalRAsHIAY in'WiREGL FhtARS He

current (X',Y") position. Step 108 then determines whether cmdNum is equal to
oldCmdNum. [f so, no further graphical processing is needed and control flows back

to step 58 of FIG. 3.

If oldCmdNurm is different than cmdNurm, then the command highlighting must
change. Step 110 dehigﬁli'ghts the candidate command that corresponds to
oldCmdNum, if oldCmdNum |s not setto -1.  Step 112 then highl';ghts the command

- that c’:&rrespmds fo emdNum, if cmdNum is not set to -1. .Finally, step 114 updates -
oldCmdNum with the -current value of cmdNum, and control flows back to step 58 of

FIG. 3.

Referring now to FIG. 6, a flow chart illustrates the steps that the input processor
16 of F1G. 1 takes when the user lifts the pén or finger from the touchpad or tablet 14.
According to a presently preferred embodiment of the invention, a pen up is a signal to
either send the strokes to the incremental recognizer, or to select a character or a

" command. As discussed above, altemative embodiments can also use different




&l s ‘mapped determ nes the behavior of the user interface. If the pen goes
hf; in region 34, then the user wants to wite another stroke. If the pen
gegs down in region 32, then the user wants to select a character
candidate. If the pen goes down in region 36, then the user wants to enter
a command. Alternatives to this enbodi nent can suggest thenselves to those
skilled in the art. For exanple, the use?lnay be required to performa tap

gest ur e i n astiemsiopseldetion.OFc@athple by eligkinymietleft megse battd abanyBfime)a
order to select a candidate or execute a command. FIG 4 inplenents the

pr.eferred usebndyrinditatefa selsction of ther firstogndidatemmthadigty in a region to

i ndi cate that an object will be selected fromthat region. At
step 60, the variable startLoc will be loaded with the |abel of the first
pen down point, contained in the |location variable "loc". The variable

startLoc will sgtete1 S firstdaieRinks Athd Nep RS miode of 8fferingistokasey At step
62, if startLoc is 34, then the user wants to wite a new stroke and step

64 then al leagmtreﬁ?(amaw starbb8 ity 1Sk RDsRP 120U eteriniesOMidtRE! thb QeRB 3gltgepi Nt
(X, Y) to the stroke. If startLoc is not 34, step 68 determ nes

whet her it sir@ll33r plokessing.t A8Ms WaBknG@i in tHe AbAdWIRingabesdnitorcat Aidkiismall The
| nput processor then executes step 70 to find the candi date whose

graphi cal dtrokdsiyare ofiérabs fgriohed apadtidentsl Mol bythe nbbo HewbVst! exteandi dat e.
O her graphical interface actions, such as depressing a graphical button or

% Eangi nNg t barecmiust be takehtn essvghERgadeTyraphic CHEMAQ¥RY sihBe SOfeCRePs WRE ST ON.
e

quickly that their strokes become dramatically shortened. In the preferred embodiment

of step 120, maximum of the stroke width and height are determined. If this maximum

size is smaller than about 1 mil on the touchpad, then control flows to step 58 of FIG. 3.

If, at step 120, the stroke is not too small, siep 122 adds the current stroke to a
- stroke list containing the strokes written so far. When the process is started, this étroke .
listis initialized to be empty. Step 124 sends the stroke list to an incremental
recognizer 18, and, at step 1_26, a hypothesis list contdining candidate chéracters is

retumed from the recognizer 18.

The incremental recognizer is a recognizer which is subject to several
constraints. It is preferable that the incremental recognizer operate in less than 250

mil!iseconds,' in order not to annoy the user with long delays between each stroke.



::_ieniity of the selected candidate is stored in the vari a'bl e ol dCandNum at
tep 72. If ) 18 startlLoc

B8 not either 34 or 32, then the processor decides that the user wants to
éfiter a conmand. The conmmand whose graphi cal display contains the (X ,Y'")
point is highlighted by step 74 and tl2@ identity of the sel ected conmmand

is stored in th variable old Num gt , step 76 After steps 66,
75, Sor 76 AePenaias SeHecion, Sef et R kBl SRS lefmeuse putioR Rt AT e, Bar ¢ of
FI.G 2, which prepares the processo 0 a t new packet .

Ref erring “'ﬁSW’%é/' @teﬁsﬁe&f%ﬁ%@%ﬁ#mﬁﬁgé’f‘@e $te processing steps
performed by the nmethod during a pen down interval, after the initial pen
down point These steps will cause the stroke to be drawn or allow the user
to slide the pen or finger along the right and | eft edge of the touchpad
or tablet 14 t§t%‘él"é§ﬁf§ﬁﬁw fthe yisani dr thegnode phemedng strokesby  step 80

determ nes whether the user is witing a stroke by determining if
examining whether startloc is 34. If it iS, step 120 determines whether the stroke is too

small for processing. As is well-known in the handwriting recognition art, very small
strokes can often be ignored as accidental strokes by the user. However, extreme
care must be taken in recognizing ideographic characters, since some users write so
quickly that thefr strokes become dramatically shortened. In the preferred embodiment
of step 120, maximum of the stroke width and height are determined. f this maximum

~ size is smaller than about 1 mil on the touchpad, then control flows to step 58 of FIG. 3.

If, at step 120, the stroke is not too small, sfep 122 adds the current stroke toa
stroke list containing the strokes written so far. When the process is started, this stroke
list is initialized to be empty. Step 124 sends the stroke list to an incremental
recognizer 18, and, at step 1_26, a hypothesis list containing candidate characters is

retumed from the recognizer 18.

The incremental recognizer is a recognizer which is subject to several
constraints. It is preferable that the incremental recognizer operate in less than 250

milliseconds, in order not to annoy the user with long delays between each stroke.



& rtLoc is 34. If so, the current (X Y) point is added to the stroke at
s¥p 82,-and a line is drawn on wi ndow 30 fromthe previous val ue of
(3%,¥) to the current value of (X ,Y') at step 84. Control then flows
batk to step 58 of the flow chart of FIG 2, which prepares the processor
to accept a new packet. | f stzr3t Loc is not 34, step 86 checks to
see if the user is selecting a candidate ™y determning if startLoc is 32.
| fiso, stepdhalively thavesoghizéheantaks ailongeriamount 65the % 8crkle if an optional

19 candi date area of the touchpad by examning if loc is 32. If so, tﬂen

step 90 seintetrbpt is\mplearted. aTHindrdmeritBFrecogiizaricanabt ddetheandl AghBerttose

graphi cal display in window 30 of the display 20 contains the curren

(X, Y') postrokesninahd chaicter] ndd canst e hbeGtaPdventual size of thd éhdred, Sind8t i N
32, the user is not trying to select a candidate, and the vari a%l e CandNum

i s’ set to nditdr fithgsdpiecsd ebnRAmalieNafLhRiEbIBYS MY hiigl e?'i%ﬂgmﬁ_s the
r o

same as candNum The purpose of step 94 is to mnimze the nunb

aphi cal ' i | ' '
ar aphi cal Teaicieinental ebathizdpvarhouehenAEHRENAbL oo Wanad s AN -

then no graphical operations need to occur, ontrol ows bac
58 of FI G tha size of the character written so far. '

Dictionary-based recognizers (such as those described in United States Patent
No. 4,561,105 to Crane, et al.; United States Patent No. 5,337,372 to LeCun, et al.;
and United State; Patent No. 5,454,046 to Carman, () may be suitable for use as
incrementél recognizers, because the dictionaries or'reference pattems can;e
'exte'nded_'to include abbreviations of ideographic characters. In addition, incremental
recognizers can be constructed by those <.)f ordinary skill in the art l;sing any number of
statistical pattem classifiers, such as classification and regression trees, neural
netWorks. or combinations of these elements. The present in-vention is a user interface

to an incremental recognizer and does not depend on any particular recognition

technology.

As an optimization, the incremental recognizer can save state regarding the
input stroke list between invocations by the input processor. However, the input
processor must have access to the stroke list, in order to add and delete strokes, as

specified-by the user.



] ot dCandNum i's different than candNum then the candidate highlight nust
@hnge. Step 96 de-highlights the candidate that corresponds to ol dCandNum
F} oldCandNumis not -1. Step 98 then highlights the candi date that
¢gfresponds to candNum if candNumis not -1. Finally, step 100 updates

ol dCandNum wi th the current value of candNum and control flows back to
step 58 of FIG 3. At step 86, if28tartLoc is not 32, then the

processor deci das 4 fifthet Hstinvizglion)Hsd inbRmened] e6ddghizen ca BEMtErudied bahe
poi nt, steps 102 through 114 are executed. Steps 102 through %14%2?;

exact |y an#ipugy@rscdseosdietng the rédugnitioh ckefutioRf@Rtinplit §¥odBRBbD1S dbtectstig

hi ghli ghting of commands, not candi dates, and they operate on the variables

ol dCmNum antlat Beipeh idowheadket Abecdonhipatiandnaisaebiunat tid user iatattéhgﬁn 02,
S

it:is decided whether startLoc is 36, which would indicate a conman

i ntended. {4 either write a new stroke or select a command or candidate. In the preferddy at st ep
102, it was decided that loc is not 36, a coonmand is not intended, and step

104 then gpivediniénty el iddtemental NedBghizer thierkpitid PlpléMentelliP e fhiedd &P 108.

I f an intended conmand is indicated, step 106 then sets the variable cndNum
execution that is handling the queueing of packets at step 40. The queueing thread is

separate from the thread that executes the input processor and the incremental
recognizer. The queueing thread immediately operates on the packets as they come
from the touc_hpad. The queueing thread writes the up/down state of the current packet
to a memory location. While the threa_d that executes the input processor and the
incremental recognizer is executing the incremental recognizer steps, it-periodically
checks this .rriemory location. if the rﬁempry location indicates that thé current packet is
;;en down while the incremental recognizer is being perfonﬁed, the incremental

" recognizer aborts and control can immediately flow back to step 58 of FIG. 3. This
interrupt assures that the graphical updates to window 30 is not slowed down by the

processing of the incremental recognizer 18.

Interrupting the incremental reéogniier implies that sometimes more than one
stroke can be written by the user between the generation of character hypotheses. In
an alternative embodiment, the incremental recognizer can always wait for more than
one stroke to either start generating ﬁypotheses or generate further hypotheses. This |

alternative embodiment is less preferred, because the character may be finished by




the identity of the conmmand whose graphical display in w ndow 30
gt ains the current (X ,Y') position. Step 108 then determ nes whet her
BNum i s equal to oldCmdNum If so, no further graphical processing is
néeded and control flows back to step 58 of FIG 3. I f ol dCrdNum
is different than cndNum then the conmangl.hi ghlighting nust change. Step
110 de-highlight's the candi date command t at corresponds to ol dCndNum i f
ol dCmdNum i18e W§er before the incremasial racognizenistinvpkedgwhishtleadsdoextradiser hat
corresponds to cmdNum_if cnmdNumis not set to -1. Finally, step 114

updat es ol‘%‘@ﬁ‘éﬁfémn"ﬁat!%gcurrent val ue of cnmdNum and control flows back
to:step 58 of F[G 3. Referring nowto FIG 6, a flow chart
illustrates the steps that the input processor 16 of FIG 1 takes when the
user lifts the [i_gn or fing_@eﬁr fromthe touchpad or tablet 14. According to

f

a presently preflBeradpul b &g neramestalreeognizes rraebied by the inpub pPreceaser ajrsiép t o
either send the strokes to the increnental recognizer, or to select a
char act er 6,266{5 opgaTerRre potieses eldhe idastityof idgagsaphic charactep the useris can
al so use d I:;ttfe(rai'trp%% to draw. Step 128 will then display the hypothesis list in region 32 of the
window 30 of display 20, in order of decreasing confidence or likefihood. The
hypotheses produced by the incremental recognizer should be easily displayed in
region 32 and selected by a user using the touchpad 14. The requirement of easy
display and selection typically limits t;'ne number of displayed hypotheses to less than
fifteen as a matter of pracfiwlity. .The incremental recognizer can produce more
hypotheses than can fit into region 32, but step 128 then must truncate the hypothesis
' list to fit.- After display, the system is ready to accept riew input packets at step 58 of

FIG. 3.

If, at step 118, startLoc is not 34, at step 130 the input processor detemmines
whether startloc is 36. If it is not, then it is determined that the user is selecting a
character by lifting the pen in a region of the touchpad or tablet 14 corresponding to
region 34 of window 30. Step 132 is then executed to determine whether the current
position on the touchpad corresponds to the selection area 32 of window 30 of display
20. If it does not, then itis décided that the user is trying to abort the selection précess

by moving out of the selection area. Therefore, control flows back to step 58 of FIG. 3.



actions for selection. For 'exarfpl e, by clicking on the I eft nouse button
any tinme, a user may indicate a selection of the first candidate on the

Illst Step 118 first determnes if the user is in the node of
entering strokes by exam ning whet her startLoc is 34. If it is, step 120
det erm nes whether the stroke is too I6I for processing. As is

wel | -known in the handwiting recognltlo art, very small strokes can
often be i gnor dtithescuset pesitien or thedruchpag cotiesponds o e welestion arear3@ref car e
nmust be taken in recognizing ideographic characters, since some users wite
so qui ckiwindew3G ofdisplay 20kstep 184 semdathe mamdldatbloylasmar correshonding focthe
preferred enmbodi ment of step 120, maxi num of the stroke wi dth and hei ght
are det er Mafusdiof the \tamablermmamﬂum o theioperating Isystetnheranathed applicationon t he
t ouchpad, then control flows to step 58 of FIG 3. If, at step
120, the diacokding to aqreteredsmiiddiment of thedaventids which ruos uader Windols 95 a
stroke list containing the strokes witten so far. When the process is
started, tihe hpst podcessod 18 of HG. Niuseainpebidethod IEditermpessages épcdiihusimats t he
stroke list to an increnental recognizer 18, and, at step 126, a
hypot hesi vith the apenatiigsystem.camis selldnownirdbearts is returned fromthe
recogni zer 18. The increnmental recognizer is a recognizer which
is subject to several constraints. It is preferable that the increnental
recogni zer operate in |ess than 250

After sending the candidate character in step 134, steps 136, 138, and 140

clean up the state of the input processor 16 in order to accept a new character. Step
136.empties the stroke list, step 138 stops the display of the hypothesis ist, and step

140 clears the display area 34. Process control then flows back to step 58 of FIG. 3.

'If, at step 130, startLoc s 36, then it is determined that the user is trying to select
a command. Step 142 then determines whether the user is still pointing in the
command selecting area. If not, then the user is frying to abort the command and .
control flows back to step 58 of FIG. 3. Otherwise, step 144 determines the command
that corresponds to the value of the variable oidedNum. Step 146 then determines
whether the stop command was selected. if so, .fhen the input processor will exit, after
performing suitable clean-up. According to a presently preferred embodiment, before
the input processor exits, it places the touchpad into relative mode, so the user can

manipulate the cursor with the standard mouse-emulation methods.




@2 | 1seconds, in order not to annoy the user with | ong del ays betweén each
1 oke. 22 actions for

se ection. For exanple, by clicking on the left nouse button at any tine, a
user may indicate a selection of the first candidate on the |ist.

Step 118 first determnes if the user is,Jn the node of entering strokes by
exam ni ng whether startlLoc is 34. If it 1s, step 120 determ nes whet her the
stroke is too ¢ithelsefentedocammand mgs ndta iskopwetrimand)stepi & will changthig i ng
recognition art, very small strokes can often be.ignored as accidental
strokes by stroke liseaccording tethe canimantt: Forzxemplesif theecérakend wasr“eleagall®zi ng

i deographi ¢ characters, since sone users wite so quickly that their
strokes bedtlogrethadr strokiel lishislempstiadr If theecbmrhand was haek apaeat, thellastistroke in e st ep
120, maxi num of the stroke width and height are determ ned. If this nmaxi num
size i s snatrbke listiselddedit 1 mi | on the touchpad, then control flows to

step 58 of FIG 3. If, at step 120, the stoke is not too snall,
step 122 adds the current stroke to a stroke list containing the strokes
witten so far. When the process is started, this stroke list is

initialized to iBtepnpo will SigtigetRd displagin tdons34 wkefibttthe thargesi tochenent al

recogni zer 18, and, at step 126, a hypothesis list containing candidate
char act er s stroke list in step 148. Process control then flows back to step 58 of FIG. 3.

As will be apparent to thbsé skilled in the art, other commands may be placed
on the command area. The ‘lear Al and “Back space” commands are preferred
commands for use in the system of'the present invention, but other commands can be
added. These other commands do not necessarily have to affect the stroke list or .
display, but can, for example, send commands to the operating system or to the
incremental recognizer. An éxample.of another such command Is the invocation of a
phrase-completing dictionary, as is commor; in existing commercial ideographic

character entry systems. -

When no strokes have been entered into the system, there are no hypotheses to
display in region 32 or select ét step 144.In c;me embodiment, various common
Chinese characters, English characters, or punctuation can be displayed as
hypotheses when no strokes have been entered into the system. Examples of such

hypotheses can be the space bar, the carriage retum, a period, or a comma.



urned from the recogni zer 18. | ' The incremental recogni zer is a

®togni zer which is subject to several constraints. It is preferable that

e incremental recognizer operate in less than 250 mlliseconds, in order

: to annoy the user with long del ays between each stroke.

23 Aternatively, the recognl zer can takg,a |l onger anount of tine to

oper at e, |f erru |s | errent ed. .. The cr enent al

recogni zer ct%ﬁjnag{%‘tyogﬁ%?ﬁé‘ §Fe§1 °°§'?’P8'R&d‘@25tl eUseF seleets a nor

can it use ol si ze of the charact si hce nei t her of

these pi ecgéa’gqé 'ca?wﬁ% ‘ﬁrr‘tg'gaﬂf%ﬁtrg Pe BIRY 3R ‘ﬁWSé‘?@rﬂ"ﬂéWbﬂtﬁﬁaﬂ

witten. T I.nc reco a owever, use the nunber of

strokes wr ﬁf%}%ﬁa S{qﬂtﬂéﬁ% sel é' gﬁlg}eﬁg éﬁ'&pﬂ@ﬂ'%ﬂtﬁ &iis aliemative,

Di ctlonary base 0 nl zers uch a hose described in United States
53 @gl '%Réa‘ee?e'%  ragcal is dnssrigd dnjo the sirkenist 280337, 372

Pat ent
to LeCun et aI Uni te tes tent No. 5,454,046 to Carnan, II)
may be sui PE?(?Ieés‘F‘g gré“ ﬁ? %h@ﬁt"P e storeslypirokes yvere epteredby the user.

dictionaries or reference patterns can be

Referring now to FIG. 7, an alternate embodiment of the graphics of the present
invention is shown. The display window of FIG. 7 is intended for experts who are
experienced with the system. Window 30 is now split info four regions. A strip across
the top of window 30 is a region 32 in which character hypotheses ar3 displayed.
There are now two regicns for stroke entry, 34a and 34b. A command strip 36 acroés

the bottom of window 30 is for selecting commands.

If the user writes strokes in one areé, then writes strokes in the other area
without selecting a candidate or performing a command, then the input processor will
automatically select the most probable candidate and send it to the operating system

= orthe application. This user interface allows users to-write characters in a continuous
stream, without having to stop and select &ahdidates. Oth_e_r geometrical arrangements
of regions 32, 34a, 34b, and 36 will suggest themselves to those skilled in the art,
although the preferred embodiment is to have regions 32 and 36 against edges of the

window 30 to. facifitate ease of use with a touchpad.



.,.ended to include abbreviations of ideographic characters. In addition,
m’, remental recognizers can be constructed by those of ordinary skill in
the art using any nunber of statistical pattern classifiers, such as

ctassification and regression trees, neural net wor ks, or conbi nat i ons of

these el ements. The present invention i )@ user interface to an
incremental rec iger d o articu recognition
t echnol ogy. B, gﬁ@%ﬁgﬂg@p&a&lﬁg%&epﬁﬁ éeg??é‘ﬂf'ﬁl ?Eﬁ%‘dﬁt%ﬁecan
save state oke I| etvveen nvQcati ons, by the

i nput procgég‘gﬁl H;%Z\tye Egé‘t ? %ﬁ'slfl% QRsintRiGt Be

speC|f|ed by the user.

20 ' RSl o Bt ﬂ#%‘%? P:sﬁee%ﬁs%tréﬁ%‘ﬁ%s@m theaisgt MtoRACR o FlGe7

mterrupted e u proces r the recognition execution if the
i nput procéssgﬁpﬁ) gd G)QB%’&E %f%f’?\?gﬁcgg’ i§ used. t&ﬁ%’fobﬁéﬁbﬁc baing&aquabian
acket i ndj user is, at tin to _either wite a new stroke
(F;r sel ect Eﬁ%{r%arbq @ﬁ(ﬂrﬁgy@‘fw oR i &S U &9 either daisidBent , the

i ncrenment al recogni zer interrupt is’inplenment ed in the thread of execution
that is handling the queueing of packets at step 40. The queueing thread is

lStep 160 is performed exactly as step 60 in FIG. 4. After completion of step 160,
- steps 162, 164, 166, and 168 compute the following logical condition: Is (startLoc=34a
AND previous startl oc=34b) OR (startLoc=34b AND previous startLoc=342)? If so,
then the user has moved from region 34a to region 34b, or visa versa, in window 30 of
the display 20 and wants to seleét the best candidate by default. In this case, step 170
sends the best candidate to the application or operating system, and steps 172, 174, .

and 176 perform necessary clean-up steps in the same manner disclosed for stepé

136, 138, and 140 of the process of FIG. 6.

If the logical condition is false and either startLoc=34a or startLoc=34b, or after
step 176 is executed, then steps 178 and 180 are executed. These steps. are

performed as described for steps 64 and 66 of FIG. 4 are executed, which start a new

stroke in the normal manner.

If, at step 164, startLoc is not 34a nor 34b, step 182 detemines whether startl_oc

in 32, and hence whether a candidate or a command is being selected. If startLoc is



arate fromthe thread that executes the input processor and the
ertrenmental recogni zer. The queueing thread i nmedi ately operates on the
pa?:kets as they conme fromthe touchpad. The queueing thread wites the
tpd down state of the current packet to a nmenory location. Wiile the thread
t hat executes the input processor andg‘gge I ncremental recognizer is

&4

menory | ocHits $RPS 14 eRE 198 766 porestiath dheorseps eBEnbIRame s Siens DA R kot

is pen down while the incremental recognizer is being perf%r_rre_d, t he
i ncr enent aP! thedreeRssAlFGot and amrresulied i theoamahmapner: difter finishingseps o
step 58 of FIG 3. This interrlﬁ)t assures that the graphical léPdat es to
wi ndow 30 18478 186 Shhe rreapssinf HGS, Prcssesentiohfieis baek orterhl ff BIG. 3.

recogni zer 18. Interrupting the increnmental recognizer inplies
that sonetines nore than one stroke can-be witten by the user between the
generation of character hypotheses. In an alternative enbodi nent, the

i ncrenental rechirs deterpiiied at giep J8Aihat stesiopris ot BRasiepe i88 and JRE are ei t her
start generating hypot heses or generate further g%pot heses. This

al t er nat i vEeEemRY. isienscare the-same aesiepd é¢ and &5 ohthepracess ofiFiga ¢ ang
5

finished by . . L 2
are executed in the normal manner. After finishing steps 188 and 190 of the process

of FIG. 8, process control flows back to step 58 of FIG. 3.

FIG. 9 is a flow chért which illustrates an enhancement to the user interface that
is preferred when the;lput device is a touchpad. Since the touchpad does not have
proximity sensing, nor a integrated display, users can place their finger down in an
incorrect location that does not correspond to the desired regions 32, 34, and 36. This
can cause frustration in the user, who would; for example, want to select a candidate,
not start a new stroke. The steps in FIG. 9 will attempt to heuristically determine which -
region the user meant to select by measuring the amount of time spent in all of the

- regions. If, during a pen down interval, the user spends more time pointing at one.

region than all of the others, then it can be assumed that the user intends to point at

the region.

The steps in FIG. 9 are executed when the input processor executes step 32 in

FIG. 3. Step 198 first determines whether startloc has already been adjusted by




User before the increnental recognizer is invoked, which leads to extra
I5er interface conplications. The output of the increnental
r@cogni zer received by the input processor at step 126 is one or nore
hypot heses of the identity of ideographic character the user is

attenpting to draw. Step 128 will then dijsplay the hypothesis list in
region 32 of the wi ndow 30 of .di splay 20, in_order of decreasin .

confi dencee@mlnfqgemﬁl?aﬁﬂge%E W’%ﬁ%l%é@@é*ﬁﬁ‘(ﬂﬁ@@ﬁ‘ﬁ‘?&% US%fe 5 e i
recogni zer shoul d_be easily displayed in region 32 and sel ected by a user
usi ng the PoRmedited a maxkalm &f gneeperitroke. éfa:bgnge%ﬁagps 89t 287, thelalgentom
typically |limts the nunber of displayed hypotheses to |l ess than fifteen
as a matt eP2dIrepdyghanged siartlopand penttalaws baskcionyap 58/0f €A 3prOhet¥sans e
hypot heses than can fit into region 32, but step 128 then nust truncate the
hypot hesi sStep|308ther determings wheingr the eyrent KK, ¥y foinhialls intosggions34eicept new
I nput packets. at step 58 of FIG 3. . If, at step 118, startloc
|'s' not 34,windowt3, i 8goendhemfgcoyntes delohwhich measwes the\amoHBE oidinee sperd | s
36. If it is not, then it is determned that the user is selecting a

char act er Byregiont34n getsHacrementad & star2eh Btepidfd dejaaripasi whethes e initiag.
corresponding to region 34 of wndow 30. Step 132 is then executed to

det er m ne 9318 REiNt WS outsidacef regien sxdtanshdatermines whatep the aBprRiyfdimp spentt he
sel ection area 32 of wi ndow 30 of display 20. If it does not, then it is
deci ded t Hatregine 34ddel0)excesdste sumagfdhe ameuntef time spentin fraiey 32 (dd1])

plus the amount of time spent in region 36 (dc[2]). If both of these conditions are true,

then the user intends to draw a stroke, not select a command or candidate. Therefore,
startLoc is reset to 34 af step 206 and a new stroke is started at step 208. If either

condition is false. then process control flows back to step 80 of FIG. S.

If step 200 determines that loc is not 34, then step 210 determines whether the
current point falls into region 32. If it does, then steps 212 through 216 are performed
analogously to steps 202 through 206, manipulating region 32 and dc[1] instead of
region 34 and dc[0]. After step 218, step 218 resets the current stroke: if there is a
current stroke, the contents of the stroke are discarded and the stroke is no longer
displayed. Step 220 then sets the variable oldCandNum to -1, to fo_rce the highlighting

of the new candidate in FIG. 5.



zjof FIG 3. 26
=the current position on the touchpad corresponds to the selection area

3:§I§of wi ndow 30 of display 20, step 134 sends the candi date character
corresponding to the value of the vari a:pj e ol dCandNum to the operating
i

h i i , i ' f d inment of th

Sy ention anich b &ﬁ?fge'r%@ﬁ ‘%Or}ﬁa'st%émm@'egr, 6 ot % S?pﬁfﬁéeﬂpﬁrség%eﬁ%g}wsﬂﬁe% 1
\ . e PocesS .

gjgf elmnp;ts glygt W'F"%ht&mor lgqugiydo Séﬁpst S Zﬁgmﬂbﬁ%&fﬂéﬂw iE’E'éﬂmt' efﬁgol?fnrwésat a8ddi dat e

character | t.ep 134, ste 136, 8. and 140 clean up the state of the
i nput proc @r‘n§ﬁaﬁ§ﬁffﬁ'g&@f 6n<§€@éﬁt‘\f£?rﬁtew?a$aﬂmugent§foésis neset atsiep es
the stroke JJ.st,.ste 38 stops the display of the hypothesis |ist, and

Step 140 PEA FRERR S e Nasabe AUGRERkRd chio farPh fiamahlianing Bkte | o
step 58 of ElIG at step 130, startLoc is 36, then it is

3. . I f,
det er mi ned YMECPRENGRFIG-S-t rying to select a conmand. Step. 142 then
det erm nes whether the user is still pointing in the command sel ecting
area. If not, then the user is trying to abort the command and

After steps 208, 220, or 230 are executed, all current highlights are tumed off at

step 232; and step 234 sets the changeStart variable to one, to indicate that startl oc

has been changed. Process control then flows back to step 80 of FIG. 5.

FIG. 10 is a flow chart which fllustrates the preferred embodiment of the

implementation of the incremental recognizer 18 of FIG. 1. The function of the

~ incremental recognizer 18 is to take a list of strokes which form & partial or completed
charac;ter and create a list of hypotheses of the character's identity. According to the
presently preferred embodiment of the inveation, the incremental recognizer can -
create the hypothesis list from the 5401 most common traditional Chinese characters.
Those of ordinary skill in the art will note that the incremental recognizer of the present
invention can easily be extended to include more characters of the traditional Chinese
chal;acter set, or to different character sets, such as the simplified Chinese character

set, the kanji character set of Japan, or the Korean character set.



flows back to step 58 of FIG 3. Oherw se, step 144 determ nes the
gmand that corresponds to the value of the variable ol dCndNum Step 146
then deternmnes ‘whether the stop command was selected. If so, then the

i fiput processor will exit, after perform ng suitable clean-up. According
to.a presently preferred enbodi nent, befame the input processor exits, it
pl aces the touchpad i.nto relative node, so the user can manipul ate "t he
cursor with the Ci9q%ng Betwega dbeusands ob pharastsp identities can be a computationally

27 If the selected command was not a stop command, step 148 will
change t he NENSHRJask.Qveh dermacem Ressanab compuars Singg ingh@rafered t t he
command was "clear all", then the stroke list is enptied. If the commuand
was "back s§aRedimentef fheqresgnt inention.iihis desirediccevaluate the inetemantal

Step 150 will change the display in region 34 to reflect the changes to the
stroke | i stfepponrizepbetwgen pyeryawitendifokel thelinatementas rasagnizemestaye a8t of FI G
3. As will be apparent to those skilled in the art, other
commands malhesefope. dbe grefered smbedimant decagsizes the partiakeharadter inawd stadmsk
space” commands are preferred comuands for use in the systemof the
present i nJdrit thecharaetepsetds dbidadkinipsa setrofipessibly overiapping groups. According to

a presently preferred embodiment of the inventioh, the 5401 characters are divided

into 32 overlapping groups. A pre-classifier 260 determines to which of these groups
the partial character is most likely to belong. A detailed classifier then creates 2

_hypothesis list of most likely character identities from the members of the group.

The detailed classifier itself has.two components: a neural network that is
optimized for recognizing partial characters, and a neural network that is optimized for
recognizing completed characters. It has been fou;d that sbfne users will stop before
completing a character, while other users will continue until the end. By using the
output of these two neural networks, both styles of users can be satisfied. It is believed
that the use of neural networks to recognize partial characters, as well as the

combination of these two types of neural networks is novel to this invention.

Tuming now to FIG. 10, a flow diagram provides a detailed view of the operation

of the incremental recognizer 18 of FIG. 1. First, step 240 scales the stroke list, so that



ed. These other commands do not necessarily have to affect the stroke
ISt or display, but can, for exanple, send commands to the operating

=R

systemor to the increnental recognizer. An exanple of another such
cofmmand is the invocation of a phrase-completing dictionary, as is common
in existing comercial ideographic character entry systens. When
no: strokes have been entered into the 33)4ste t here are no hypot heses to

di spl ay i nheghaactss ligs indhe bex [011X0; 4 JnTheipreferred RmBodigen 224 i ous
common Chi nese characters, English characters, or punctuation can be

di spl ayed REesenygsinaaseectatinofibe skokasen arderads kxdistast e fartial chafagtersy st em
Exanpl es of such hypotheses can be the_ space bar, the carriage retum a
period, or Mpresrasifically, the stroke list is scaled in both dimensions equally, and translated. 28

Alternatively, these hypotheses can represent common radicals. |If the user
sel ects a Thedesaihotithigisten iswhat fwriscalad stiokes strstcl froai@ b 1 alang enecofithgiXcat i ng
that they wish to start the character with the selected radical. In the
preferred engydlimensions, andiare senteraddn ithal0,1] inferyabrleng e othenavgaldse of the
selected radical is inserted into the stroke |Iist and processi ng

conti nues abvieus o these skifed in the arntdovrtotreate aiseivware system dhatdmplenmends thier .

scaling.

Step 242 determines whether the pre-classifier should be invoked, by
determining whether the number of strokes is larger than three. In the preferred
embodiment; the pre-classifier only examines the first three strokes, because the first
three strokes almost always have enough information to limit the chaméter hypotheses
to a single group. As is obvious to those skilled in the art, more strokes can be
supplied to the pre-classifier, but at greater computational cost. If 'step 242 determines
that there are three or fewer strokeé, step 244 applies the pre-classifier 260 to the |

scaled strokes.

The structure of the pre-classifier is shown in FIG. 11 and its operation is
described with reference to that drawing figure. In the preferred embodiment, the
output of the pre-classifier is a vector of length 32, each element of which reflects the

confidence that the partial character is a member of the corresponding group. Step



R&Fkrring now to FIG 7, an alternate enbodiment of the graphics of the

p‘_f‘_’:?gl ent I nvention is shown. The display window of FIG 7 is intended for
experits who are experienced with the system Wndow 30 is now split into

four regions. A strip across the top of window 30 is a region 32 in which

character hypot heses are displ ayed. Tlggr'e are now two regions for stroke
34b, A cO ng.s acy 0ss the bottom of wi ndow 30 is

entry, 34a S 6 .

for select i%%d@&ﬂ'rﬁ?ﬁ%mest eldenttl{y &fﬁ?m oynut ektheipretciassifier end stores,
then wites ?_ltctbokes‘arjan[FLhﬁ1 othey area w thout selecting a candi date or
per f or ni ng hiNdBfYaAeDle Fh e Hherg @XsisAn atmyef3edataiiad glassifiers inthegnemgnsen et
the nost pr b%ﬁle candi date apnd send it_to the operati ngﬁgystgm or the
appl i cat i orfieARKOf 8% FOMRyier-r ABR Pee-Flaslier detesmings thalithe Hia detailed classifiar

continuous  stream w thout having to stop and sel ect candidates. O her
geonet ri calSheu %gﬁ%tosgewateé@gygoﬂgqsgs , 34b, and 36 w |l suggest

thensel ves to those skilled in the art, although the preferred enbodi nent
is to have regions 32 and 36 agai nst edges of the w ndow 30 to facilitate

ease of use with a touchpad.
29 FI G A8 dpplied td recoghiaing entifeLghiarattérs gthe e esdf ensrelcissifidh k& FaaRidtNg
the user interface
the search of a detailed classifier is well-known. For example, see the paper
“Attributed String Matching by Split-and-Merge for On-Line Chinese Character
Recognition” by Yih-Tay Tsay and Wen-Hsiang Tsai, in IEEE Transactions on Pattern
Analysis and Machine Intelligence, vol. 15, no. 5 pp- 180-185, Feb 1993. However,
the use of a pre-classifier to restrict the search for the identity of a partial character is

believed to be novel fo this invention.

Furthermore, it is well-known in the art that more than fwo steps of classification
can be used fo recognize ideographic charactefs. In other words, each detailed
Classifier itself could be comprised of a pre~classifier and a further plurality of detailed
classifiers. For an example of prior art where more than two levels of classification are

- used, see the paper "On Speeding Candidate Selection in Handprinted Chinese
Character Recognition® by T. Kumamoto, K Toraichi, T. Horiuchi, K Yamamoto and H.

- Yamada, in Pattem Recognition, vol. 24, no.'8, pp. 793-798, (1991). In the extreme
case, the entire incremental recognizer could consist of a tree of classifiers, each one

further limiting the possible list of candidates.



SBown in FIG 7. The steps in FIG 8 replace the steps in FIG 4. The steps
Y FIG 3, FIG 5 and FIG 6 are still used by the input processor when
thé user interface of FIG 7 is enployed. Wen the user interface of FIG
#is used, tests for startLoc being equal to 34 in FIG 5 and FIG 6 are
true if startLoc is equal to either 34§60r 34b. . Step 160 is
performed exactly as step 60 in FIG 47" After co etion of step 160,
steps 162, 164, “{ﬂ‘@,m& e%%“wﬁfﬂﬁi‘feeﬁqﬁbdﬁftﬂf ier Gonsiafs fdwaingusal: | s
(startLoc=34a AND previous startlLoc=34b) OR (statLoc=34b AND previ ous
st.art Loc=34%fworke: g fime-deiaypeyrpbneiwark HRANIS18dand amimagediased aeuralr egi on
'34b, or visa versa, in wi_ndow 30 0of . the display 20 _and wants to sel ect
the best cA¥REverENN)S20:fihe TONN 31D is eptimized fof reqpanizing parbiakhara@etsest
cahdi date to the application or operating system and st%ps 172, 174, and
C{%ﬁ@ |

176 per f or i gewel-knawn i i g heghin the paper &horemeed for steps
| f the | ogical

136, 138, and 140 of the _process of FIG 6. _ . C

condi ti on iRecegndien usingelimedpelay Meurah Netwosks) bys\Waikel.Jdanamgawag Hireher st ep
176 is executed, then steps 178 and 180 are executed. These steps are
per f or med &iano; @andieags iy [EGEpansactignsion Aceystics Speechy andyx@gealed, whi ch
start a new stroke in the normal manner f, at step 164,

. |
startLoc i $TARSSNGa Maseh. 39689. Jhe struciprent the FPNBLIs Wesernhad ates herein.

Referring again to FIG. 10, step 248 applies the Pth TDNN to the scaled strokes
to get an output vector which contains the c;onfidence that the character identity of the
list of sirokes is a certain value. The IenEth of this output vector varies with P. In the

“currently preferred embodiment, these lengths range from 22 to §38. The use of a
TDNN to recognize partial ideographic characters is believed to be novel to this

invention.

INN 320 is optimized for recognizing complete characters. The INN is a
standard multi-layer neural network which uses image-based features. The structure of
the INN is shown in FIG. 13 and will be described with reference thereto. Step 250
applies the Pth NN to the scaled strokes to get an output vector of confidences that are
analogous to the output vector obtained from the TDNN. The INN ocutput vector has the
same length as the TDNN output vector. Steps 248 and 250 can be performed in

' either order.



| 32, and hence whether a candidate or a command is being selected. If
stlartLoc is ' 30 32, steps
184 and 186 are perforned. These steps are the sane as steps 70 and 72 of
t‘he process of FIG 4 and are executed in the normal nanner. After
finishing steps: 184 and 186 of the pro@gss of FIG 8, process control

fl. back it ' ]
t Rg}thst Z(r:t Lf)g isfgéﬁoté%?)@,an E 'P ﬁgséﬁggt pg%\éeci%rg fgﬁnemtege%'g%hnggﬁg msgédng@}g s‘s;rsg
the nor mal Teapiest g fedinhig -BURE REfRk oty fle Bite Ao glGg ' 1

FIG 8 Draess Lol il ddRSoRRGE thfiualcl bEld Such asthose  F1G

is a flow I¢h 1l €S an enhanc e user |n‘cfeerface t hat

s afiow ren 85 ) ace
ot Thave | AR ian Yo b aSh ety bR, B SaldlR SRR o
their fi e | | t dtoth
dosirod 1 or il Bo1Hien, WRHFERmpBERoN 0814 08" 7038 180 on i n the user,

who woul d; for exanple, want to select a candidate, not start a new

stroke. The steps in FIG 9 will attenpt to heuristically deternine which

region the user_neant to select by neasuring the amount of time_spent in
all of the Step 254 then sorts the summed output vector in descending order. The

positions in the summed output vector correspond to character identities. Therefore,
finding the position of the top N values in the summed output vector is equivalent to

generating a hypothesis list of length N. As presently preferred, N is 10.

Step 256 then manipulates the hypothesis list according to various rules, in
erder to increase the chance that the first element in the hypothesis list is the correct
answer. This post-processing consists of three steps that are individually described in

AG. 16, FIG. 17, and FIG. 18, respectively. Process control is then transferred to step
128 of FIG. 6.

The structure of a presently preferred embodiment of the pre-classifier is shown
- in FIG. 11. The pre<classifier 260 is-a TDNN, where the first layer 262 of the TDNN is
replicated across multiple inputs, as is well-known in the art. In prior art uses of a

TDNN, each copy of the first layer 262 of a TDNN corresponds to a time slice of



[ f duri hg a iSen down I nterval , the.user s'pends nore tinme pointing
A region than all of the others, then it can be assuned that the user
it ends to point at the region. ' The steps in FIG 9 are executed

wHen the input processor executes step 32-in FIG 3. Step 198 first
determ nes whet her startLoc has al ready bﬁsen adj ust ed by

31 exam ning the changeStart variable. IA°order to avoid confusing t he

user, st ardge@ehi{See thRIpapeirRy Waidl, 2t BE) ofd SRl segfrRnPef haidnaiifg (sekb

changeStart is not zero, thé algorithm has already changed startlLoc and

control flywtedogked Pa@h?é,ﬁg,@(% tb Icsa%a?, SLA1$ M B8 presetit fiverfith, bﬁgﬂc%pfy

dgfter,m' nes whether the current (X point falls into region
wi:ndow 30.cflthe ffitst RF 262 DrePEN IS ErEENtRE ERdKe mmeagaﬁme%aaaaa@nmnt of
ti‘me spent in region 34, gets increnented at step 202. Step 204

det er m nez;omqumé fitsh BayeP bR 3 conrféudd @Qﬂrﬁ-?r&%_?,siﬁb' it %n'géfc{ngg kPOnér and

det erm ne et her the anount of tine spe I n region c[J) exceeds

the sum ofiné i ASREREs. Oft id beRvED Bt thelusS8H LTDRR Witkik Bhdh cop 8f%hd fige amount
of time spent in region 36 (dc[2D]). If both of these conditions are true,

t hen t he q&@rddpggagﬁdgfbgqam@ﬁdkg@amgl iffdtieh, @ command or candi date.

Ther ef or e,

More specifically, each .stroke 264-1 through 264-3 gets supplied separately to
the pre-processing of-the TDNN. There are fwo pre-processing modules whose output
gets supplied to each copy of the first layer 262. The first module is a Geometric
Feature (GF) module, 266. The GF module 266 computes the geometric relationship
between the beginning and ending points of the previous stroke and the beginning
and ending poinits of the current.stroke. For example, the uppermost GF module 266.
computes the rela}tionship be:cween stroke 1 (264~1) and stroke 2 (264-2). The
particular output of the GF module 266 is supplied to the copy of the first layer 262 that

. corresponds to stroke 2. The computation performed by the GF rhodule 266 is

described, below.



_rt'Loc Is reset to 34 at step 206 and a new stroke is started at step
298. If either condition is false, then process control flows back to
st@p .80 of FIG 5. If step 200 determnes-that loc is not 34,
thén step 210 determ nes whether the current point falls into region 32.
If it does, then steps. 212 through 216 are performed analogously to steps
202 through 206, manipulating region 32 &% dc[1] instead of region 34 and
dc[ 0] .. After st peX3B maruig268 8sescthetfsllowing our pesitiond indisecomgutitieise i S a
current stroke, the contents of the stroke are discarded and the stroke is
no:l onger displayed. Step 220 then sets the variable-oldCandNumto -1, to
foéce the highlighting of the new candidate in FIG 5.

32, PB = fitst poirp oPpRviousstrolee det erm ned to not be 32, then the steps
222 through 226 are perfornmed anal ogously to steps 202 through 206,

mani pul at i n§E e st poldbobprévioussfrde | nst ead of region 34 and dc[Q . After
step 226, the current stroke is reset at step 228 and step 230 sets the
vari abl e ol @B fitstpoint oflcurtent $siee t he highlighting of the new command in
FIG 5. After steps 208, 220, or 230 are executed, all current
hi ghl i ght s @Fe=tast peirit of durfint stroke

The GF module 266 then computes the following four vector quantities:

D1 = PB-CB; D2 = PB-CE; D3 = PE-CB; D4 = PE-CE

PRl

Each element of the four vector quantities then gets fuzzy ericoded. The fuzzy
encoding of input variables makes training the neural network much easier. A fuzzy
' encoding transforms original continuous scalar variables in some range into.a vector
of variable as shown in FIG. 12a. Each element of this vector represent a subrange of
the variable. The value of each vector element is a measure of the match between the
original variable and the center of the subrange. The encoding of gontinuous variables
using fuzzy membership functions is known in the prior art and is described, for

example, in “Neural Networks and Fuzzy Systems” by Bart Kosko, p. 27, Prentice-Hall
(1991). |



4p°"232; and step 234 sets the changeStart variable to one, to indicate
Bat startLoc  has been changed. Process control then flows back to step
8&lof, FIG 5. FIG 10'is a flow chart which illustrates the

préeferred enbodi ment of the inplenmentation of the increnmental recognizer
18 iof FIG 1. The function of the incremental recognizer 18 is to take a
list of strokes which forma partial or npl eted character and create a

list of hypot heggsambxdnifie ShHAGLES EncodRA iusttateAqs FIC 12h, 0a LATbIRIERYY | ¥

preferred enbodi nent - of the invention, the increnental recognizer can

create the dneaabhYithSs misfibetdHiitunBorRAfb fiRSgh GRATRfiich ré\ebaéﬁ m@hqgei[&%ie

characters. Those of ordinary skill int rt wll note that

| ncrement alyng 8GRGRbRSTestbsdlthd EBEGHSS td TRt 10.630.28285! B.73¢ 19yt ended to
? h t1ona I nese set,

i n¢l ude nore characters of the tradi character or to
di .ferent character sets, such - as the sinplified Chinese character set,
the kanji character set of Japan, or the Korean character set.

33 Chooginnghidiedl VaB8 of 0AUGRREA iR FIC MBI Wdtiid tHeRPrbdh&Sa fdybe 2

conmput ational |y I Nt ensi ve task, even for nodem personal conputefs. Since

n the prefdichiflg of 0K, B0! a0/ Alfofifid Yaiue! H3 (ot B it 15 desired to
eval uate the I ncFenental |
FIG. 12a) would then produce a ft._lzzy encoding of 0, 0.2, 0.8, 0, 0. Similarly, the
original value of 0.75 (point C in FIG. 12a) would produce a fuzzy encoding of 0, 0, O,
1,0. '
Original values that lie outside the fuzzy encoding range are encoded the same
as the nearest extreme value.of the range. This is shown by reference to points "D*

and "E" on FIG. 12a. The value -0.2 (point D in FIG. 12a) becomes 1, 0,0, 0, 0, while
- the value 1.4 (point E in FIG. 12a) becomes 0, 0, 0, 0, 1.

Software implementation of fuzzy enobding is obvious to those skilled in the art,

from this description and prior references.

For the GF module 266, the each element of the two-dimensional vector
variables D1 through D4 are encoded by eight fuzzy membership functions that evenly

span the interval from -1 to 1. In other words, the membership functions are centered




ogni zer between every witten stroke, the increnental recognizer must be

t. Therefore, the preferred enbodi nent recogni zes the parti al
chbracter in two stages. First the character set is divided into a set of
poSsi bly overl appi ng groups. According to a presently preferred
enbodi mrent of the invention, the 5401 characters are divided into 32

over| appi ng groups. A pre-classifier 260 determ nes to which of these

groups t ab{-pa; t0.2l, -ORB; a3 14,0.14 00435 0.1 k@l.y A widef &ngutpdtstet sdsd
classifier then creates a hypot hesis |ist of nost |ikely character

i denti ti es pfaduret by the GRrodole. tOthegreslations and encodingvanges aid peksii@ssi fi er
Itself has two conponents: a neural network that is optimzed for

recogni zing partial characters, and a neural network that is optimzed for
recogni zi ng corrpl et ed characters. It has been found that sone users wil |

t bef L til
Stop betore Ogrt ol %f%inﬁ]eo&mé i€a Pirdeh dé?ﬁéétuY%(M pY untt

the end. By u5| ng t se two neura net wo styres of
ks t

recogni go poPH ﬁ%@%ﬁ*&%ﬁ&?‘;@aﬁﬁ blEH(pLk o iR il .nat.gﬁﬁwwﬁ% P

types of n@bﬁt@rl I:rﬂSHéE%fdﬁSof'%é?é’Wé sthPcetnEélﬁtah £8érké?£‘dz ?ctloHeDFMsT Ve Hé%n”ow

to FIG 10 I agram pr ovi des a tal Vi ew o0 operation

the incr e{*ﬁ&%&ibeﬁ%ﬁ?ﬂé‘bﬁﬁér HaicktdA oflﬂaxfdﬂrﬁ ed éﬁﬁ@s@éﬂa&%@r@%ﬁ&eNﬁﬁr oke

list, so
linear Normalization and Correlation Methods” by Jun Tsukumo and Haruhiko Tanaka,

which appeared in pp. 168-171 in the Procéedings of the Sth Intemational Conference
on Pattem Recognition in Bome, 1988, IEEE Computer Society Press. DFMs are
further described in detail in United States Patent No. §,337,372 to LeCun, et al., in
FIG. 2 through FIG. 6. In the present invention, the processing steps performed in thé
DFM are llustrated in FIG. 13. -

In FIG. 11, each first layet 262 is a standard neural network layer, with 80 output
neurons in the preferred embodiment. The second léyér 2 70 is a standard neural
network [ayer. The second layer 270 accepts inputs from all three copies of the first
layer 262, for a total of 240 inputs. The second layer 270 has 32 oufput neurons, each
of which corresponds to a particular group of character identities and a particular

TDNN and INN.




\---'tﬁe character lies in the box [0,1]x[0.1]. In the preferred enbodi nent,
sfgp 240 preserves the aspect ratio of the strokes, in order not to
di'start the partial character. More specifically, the stroke list is
sc¢aled in both dinensions equally, and translated. The result of this step
Is that the scal ed strokes stretch fromQO to 1 along one of the x and y

di nensi ons, and are centered in the [0, 14]2 I nterval along the other axis. It
i s- obvious to thesRuUPRses efthisrdisalesuse, 2 standard neurahnetwaris Eiyenpertormeshem
that inplenents this scaling. Step 242 determ nes whet her the
pré- cl assi f PReragipns plimultiplyingk awitrihef waights byrianiimput weetoheind taking wnder of
strokes is larger than three. In the preferred enbodinent, the

pre- cl assi f fesulting vectorandrapplyingea signeiddl nordinedritp ket 1o biekbars eutpbbvédtost
three strokes al nost al ways have enough information to limt the character
hypot heses Stech stasidagl seqrbngiworkslayers i fully sle$@ibtiel s thesitahded texbbiie ARt ,
noie strokes can be supplied to the pre-classifier, but at greater

comput at i onktroduetion tofthe fTagory4d Neatal Competationiayt J_tHerte AaKeodh) aee R0 PairRser
strokes, step 244 applies the pre-classifier 260 to the scaled strokes.
The struct uAddisoniWesliey,{189s€hépter 6i s shown in FIG 11 and its operation
Is described with reference to that drawing figure. In the preferred
enbodi nent, the

FIG. 13 is flow diagram which shows the steps performed in the DFM of the
present in_vention applied to one sﬁ‘oke. Step 280 in FIG. 13 re-samples the stroke to
| provide a stroke with regular spacing between the points of the stroke. When the
stroke is re-sampled, linear interpolation between the existing data points is used.
Such a re-sampling step is well-known in the prior art through examples such as are
" found in United States Patent 5,105,468 to Guyon, et al. Linear interpolation is well-
known and is described in numerical analysis fexis. See, e.g., Numerical R.ecipes in
C. by Press, Vetterfing, Teukolsky, and Flannery, 2nd edition, p 114, bambridge
" University Preéss, (1992). As is presently preferred, the distance between each stroke

example is 0.086.

After re-sampling, step 282 initializes the current point pt to be the first point in
the re-sampled stroke. Step 284 then initializes a three-dimensional tensor variable

A_ljik to be filled with zero. The main loop of the DFM starts with step 286, where the x




Efput of the pre-classifier is a vector of length 32, each el enent of

whiich reflects the confidence that the partial character is a nmenber of

the correspondi ng group. Step .

35" 246 then determines the identity of the maxi mum out put of the

pre-classifier and stores it in the yaﬁ%able P. There exists an array of
or " on the disk of the conputer. The

32 detailed classifiers,in the nmr )

pre-cl assi fY%qa%z%fselPﬁ?%WIqﬁxigﬁt' ff thercarreatipeintRland dep 288 where theyused
to generate tha;lhypot hesis list. As applied to recognizing
entire char'@fei&ls lpgded,with gie v Iqsation-ptikeicurrent paint ks tThept stept296 detarmitiesof
a detailed classifier is well-known. For exanple, see the paper

"Attribut edf%StQJﬁeﬁ@Owﬁ%ph@e@;r% Af-henurentegjat ptoTherdateminationraf she

Char acter Recogni tion" by Yih-Tay Tsay and Wen-Hsiang Tsai, in | EEE

Tr ansact i ondresHopsf the eurrenipainy i welbknpviminrthe @rt andds idegernineg in VG, 7 06, no.
2, pp. 180-185, Feb 1993. However, the use of a pre-classifier to
restrict thdniQhpiates Batenhe. 108488/t BuyPna partial character is  believed
to be novel to this invention. ' Furthernore, it is well-known in

the art that nore than two steps of classification can be used to

recogni ze i deographic characters. In other words, each detailed
Step 292 then produces fuzzy encoding of the x location, the y location, and the

theta direction and places the encodings into the vector variables X_j, Y_j, and
_ Theta-_k respective-_ly. According to a presently preferred embodimént, the locations x
arf y are encoded into five member§hip function that evenly span the interval from 0
to 1. The direction theta is encoded into eight membership functions which correspond
o eight major directions: 0, 45, 90, 135, 180, 225, 270 and 315 degrees. These eight
__membership functions are fhown in FIG. 12bas F_0, F_45, F_90, F_135, F_180,
F_225, F_270, and F_315. The membership function at 0 degrees (F_0) is wrapped
| around, so that it is contiguous with the membership function at 315 degrees (F_315),
" as is shown in FIG. 12b. The wraparound of membershib functions makes the fuzzy

encoding of theta be a smooth function with no discontinuities.

Step 294 then forms a three-dimensional tensor by taking the outer product
between X_j, Y_j, and Theta_k This tensor is then summed into the variable A_ijk.

Step 296 then completes the loop by determining whether the current point pt is the




sSifier itself could be conprised of a pre-él assifier and a further
pEdrality of detailed classifiers. For an exanple of prior art where nore

thidn . two | evels of classification are used, see the paper "On Speeding
Candi date Sel ection in Handprinted Chinese Character Recognition" by T.
Kumanot o, K Toraichi, T. Horiuchi,. K Yaggnoto and H  Yamada, in Pattern
Recognition, vol. 24, no. 8, pp. 793-799, (1991). In the extreme case, the
entire i ncrlashPeintiof fhecrgorammled stholey 1 iss ithen ep298 takess_ikiasdhe resultof theach
one further_ limting the possible |ist of candidates.

36 IDFMHEtherwise, stepl 3016t the surreatagintdd taithesnext palst o the strakesi st s of
two neural networks: a tine-delay neural network (TDNN) 310, and an

i mage- based neural network (I'NN) 320. The TDNN 310 is optim zed for
recogni zing partial characters. TDNNs are well-known in the art and are
descri bed i n t hin heprrefeneedxzmbedimaet @300 wriputsialuesTinthe Drbedimensienal
Net wor ksm by- Wai bel , Hanazawa, Hi nton, Shiano, and Lang, in | EEE

Tr ansact i of@nsen oA GUBEMRES Bedmated asd 200giementrvestaranidrayppligd trg cA9BSE.  The
structure of the TDNN is described |ater herein. Referring again
to FI G 10thsaficsplayes26@plies the Pth TDNN to the scal ed strokes

it is obvious to those skilled in the art that the parameters of the DFM can be
varied while still obeying the spirit of this invention. Such parameters can include the
~ angular resolution, the spatial resolution, and the exact fuzzy membership functions

used to create the DFM.

If fewer than three strokes are supplied to the pre-classifier 260, a sensible
output is still desired. Therefore, the preferred embodiment signals the lack of an input
to the first layer by not invoking any GF or DFM which has one or more missing input
strokes. Instead, a vector of the correct length is filled with zero and supplied to the
corresponding copy of the input layer 262. l_:or the copy of the first layer 262 that
corresponds to the first stroke,:there never i-s a previous stroke to supply to the GF
module 266. Hence, the GF module 266 is never called, and a vector filled with zero is

always supplied to the first copy of the first layer 262.




g6t an out put vector which contains the confidence that the character
gentity of the list of strokes is a certain value. The length of this
Jput vector varies with P. In the currently preferred enbodiment, these
| figt hs range from 22 to 538. The use of a TDNN to recognize partlal

i deographic characters is believed to bg_novel to this invention.

NN 320 is optinized for recognizing cornplete characters. The INNis a
standard nul ti - | Byefirshiayeaf62 endiresadond iaves 870 ofiptpelassieri26@areuiraised The
striucture of- the INNis shown in FIG 13 and will be described with
reference tusingthe sendpratsack-propagation wigorithrh asescribadhia the standari texibeskt 0
geti an out put vector of confidences that are anal ogous to the output

vect or obt abnddHerahk KraghTanhR. PamarNN Ghapters. ecis evellHeowntie thesartef | engt h
as ‘the TDNN output vector. Steps 248 and 250 can be performed in either

or der. training a TDNN, there is only one stored set of first layer weights, vdlich get updatidep
252 then sums the output vectors fromthe TDNN and the INN. Summing is the
si npl est - melhihe gradieotssupplied by alf thirea copies kf the didtilayerb Thetttairing vha TONN
skilled in the art realize that nore sophisticated techni ques can be used,
such as thdse!esdmtse:ilnlihelpapertb;emm@eretahdaptlve M xtures of Local Experts”
by Jacobs, Jordan,

The training set of the pre-classifier 260 consists of multiple examples of the first
three strokes of every character that the incremental recognizer should recognize. With
standard on-line back-propagation, each example is supplied to the input of the pre-
classifier and a desired output vector is supplied to the output of the pre-classifier and
the weights of first layer 262 and second layer 270 are updated. The output that
corresponds to the group to which the input example belongs-is trained to be high. All
other outputs are trained to be low. If a character has less than three t-otal strokes, an

example of the entire character is added to the training set.

The assignment of the characters to.the desired groups are required for training
the pre-classifier 260. The assignmenit of the 5401 characters to the 32 pre-classifier
groups for the preferred embodiment is shown in Appendix A hereto. Each group haé
a label, then the characters belonging to the group ére shown, then the number of

characters in that group are shown. The assignment in Appendix A is not an automatic




an, and Hinton, in Neural Conputation vol 3, pp. 79-87, 1991.

¥#p 254 then sorts the sumed output vector in descending order. The
pﬁéigions in the sunmed out put vector correspond to character identities.

THér ef or e,
vector is
presently

finding the position of the top N values in the sunmed out put
equi valent to generating a hy hesis list of length N As
preferred, Nis 10 ep 256 then mani pul ates the

: p
hypot hesi s PFrecassqa Cisractaes that baye gmilar {istihireq sirokes @& mepualycelusieredt he
chance that the first elenent in the t%?ot hesis list i-s the correct

answer . Thitedstler inky hesamegraven 5105 ad

descri bed

i sithen tr SFRING PEPOESS H1ush be peglosned agaip, bef

presently
Thé pre-cl

in FIG16, FIG 17, and FIG 18 rest?lectivel y. Process control
ore the pre-clagsifiet ¢ancharained. a
S_rbeferred enbodi ment of the pre-classifier is shown in FIG 11.

i MpayalZRoupisg Hrawass is ahvpys tathose sidiied imythe at62 of the TDNN i s

re_g)licated across multiple inputs, as is well-known in the art. In prior

art uses of a TDNN, each copy of the first |ayer 262 of a TDNN corresponds

to atine

slice of
As is obvious to those skilled in the art, the use of a two-layer TONN with these

feature sets is one structure that-perfonn_s pre-clas'siﬁcztion. Other variations of the
TDNN, such a network with more than two layers, or a TDNN with different feature sets
would also form effective pre-classifiers. In general, a pre-classifier can be
constructed by those of ordinary skill in the art using any standard statistical pattem
classifier, such as classification and regression trees, neural networks, radial basfs
functions, or mixt_ure of experts. The pre-classifier can also be constructed usinga
stroke matching algorithm. The invention does noLdepénd on particular recognition
technology. The pre-classifier it-self can be c_:omposed of more than one module,

including multiple feature detection and multiple recognizer sub-modules. The pi'e-

“ classifier can also retain state between sequential calls of the incremental recognizer,

in order to minimize the overall amount of computation.

FIG. 14 is a block diagram showing the structure of the TDNN 310 used in the
present invention as part of the detailed classifier. The structure of the TDNN 310 is

very similar to the structure of the pre-classifier 260, except that the TDNN 310 accepts

reptchagacierset of lapguage; thinmiantalual | vy .



'sﬁeech (see the paper by Waibel, et al.), or a small segnent of
afdwiting (see United States Patent 5,105,468 to Guyon, et al.). In the
ftdsent invention, each copy of the first |ayer 262 corresponds to an
entiire stroke of an ideographic character. Each copy of the first |ayer
262 is connected to pre-processing that cpyresponds to one of the input
strokes. It is believed that the use of a TDNN where each copy of the first
| ayer cor r S8pEhtan: thragstegkes Aceording to a preseniyprefanedembiasiment of the Mor e
specifically, each stroke 264-1 through 264-3 gets supplied separately to
thé pre- pr JoveRtiang the TONN Jt\acceptscumptoRSestrokes. pihe- M €68 sind Smddiule 266hos e
output gets supplied to each copy of the first layer 262. The first nodul e
i s ‘a Geonetdedhe samersintissprewgassiier 2606f Fithd 1GAsIDthe prexiassifienpase; swhiche
geonetric relationship between the beginning and ending points of the
previ ous stthefecargmptienoughe girekes i suppiy agadicutar PEMoGEfthe batpatsrofdat st r oke.
For exanpl e, the uppernost G- nodul e 266 conputes the relationship between

stroke 1 (Fedtiqularpre-proeesser arg 28a- i thereferrpd embodimant,dhe FONNS81@ he GF
nmodul e 266 is supplied to the copy of the first layer 262 that corresponds
to stroke Zontgles 25 epnieswaf grfirgdayesSigdhasys a standmdmena! aelesk jayer. 8wz fiisbed,
bel ow.
layer 312 has different weights from the pre-classifier first layer 262. Each first layer
312 has 20 output neurons. The second layer 314, which is a standard neural n'étwork
layer, receives inputs from all 25 copies of the first layer, for a total of 500 inputs. The
number of outputs in the second layer of the Pth TDNN 310 is ec;xal to the number of
character identities in the Pth detailed classifier group. Every instance of the 32

dhfferent TONNSs have different first and second layer weights.

Training of the TONN 310 is somewhat different than the training of the pre-

classifier 260. According to a presently preferred embodiment, the training set

~ consists of, for evéry character in the detailed classifier group, the stroke subsets
whose stroke number ranges from three to the total number of strokes in the character.
These training subsets start at the ﬁrSt'strol;e- and contain the strokes in the order that
the training subject wrote them. If a character has less than three strokes, a copy of the
full character is added to the training set. In addition, an example of each entire
character was added to the training set two exira times, in order to raise the probability

of correct recognition for entire characters.




The GF nodul e 266 uses the follow ng four positions inits

Oifput at i ons: PB = first point of previous stroke PE = | ast point
of ! pr.evi ous stroke CB = first point of current stroke CE = |l ast point
of ‘current stroke: The GF nodul e 266 then conputes the foll ow ng
four vector quantities: D1=PB- CB; Wg=PB-CE; D3=PE- CB;. D4=PE- CE

Each el enment of the four vector quantitres then gets fuzzy encoded. The

fuzzy encoding s ampuample; if aldhasacterexanplehas five stivkesahermfiversitoker k much
eaS| er. A fuzzy encoding transfornms original continuous scal ar variabl es

i nisome rangbsets arezaddeditothe Déiningrsekhhe fims thedughthirgd sirdies, RirstRARagR! enent
of ;this vector represent a subrange of the variable. The val ue of each

vect or el erfeutth isrokesymadthe first trbaghniitticétrokes vepeatédBreetivhdl. "Blchvaidkab! e and
the center of the subrange. The encoding of continuous variables using

fuzzy menbesubsepisflaivaledomith the idierdityiof the icherapter fronawhich Ravdssdral@aCcmhied, for

exanpl e, in Neural Networks and Fuzzy Systens" by Bart Kosko, p. 27,

Prent i ce- Hadutput corresponding to that identity is trained to be high, while all other outputs are
trained to be low. Thus, the TDNN 310 is trained to identify all possible natural-order

subsets with three or more strokes of the characters in the detailed classifier group.

The assignment of characters to the detailed classifier group is an automatic
procedure once the pre-classifier group aésignment has been made and the pre- .
classifier 260 has been trained. The first three strokes of every example in the training
set for the entire character set is generated. Again, if there are fewer than three strokes
in a character example, the entire character is used. The pre-classifier 260is —
evaluated on every example in the generated set of a particular character and the

" maximum output identity M is recorded. For each character identity, if a value of M .
occurs more often than a threshold, that character identity is assigned to the Mth |
detailed classifier group. In the preferred er_nbodiment, with a training set that consists -
of 40 examples of each character, the threshold is once. In this way, a character
identity can be assigned to more than one detailed classifier group. The groups that
the identity is a$signed to will be the groups that the pre-classifier will tend to select
when characters with this identity occur. In this way, pre-classifier errors are

compensated by allowing more than one detailed classifier to recognize a character.

&
&




i As an exanple of the fuzzy encoding illustrated in FIG 12a, if a
vatiable is to be encoded with 5 nenbership functions (fn0 through fn4)

#l ch encode the range [0,1], the 5 variables represent the closeness to
the points {0.0, 0.25, 0.5, 0.75, 1.0}. An original value of 0.1
(point Ain FIG 12a) would then produgg a fuzzy encoding of 0.6,0.4, O,

0, and O. i gi.nal, valu f 0. olnt B.in FIG .12a) -woyld then
b oduce a Ae3telhaRtoh detiedciagsiler Slghment s hog-7eio 45 igiord Rtiecls of gpory
value of 0.75 (point Cin FIG. 12a), would produce a fuzzy encoding of 0, O,
0, 1, 0. Wd h c?larac@r%rp%tr%lgpg Lthat lie outside the fuzzy encoding
range are encoded the same as the nearest extreme value of the range. This
is shown by reference to points "D' and "E' on FIG 12a. The value -0.2
(point Din FIG 12a) beconmes 1, 0, 0, 0, 0, while the value 1.4 (point E
in FIG 12a) becOmge e identities ¢f tha characters in the $dthidstailedidgsisifier gtaupi ara of
fuzzy encoding is obvious to those skilled in the art,

fixed, the Mth TDNN 310 can be trained using. standard back-propagation and the full

training set for the Mth detailed classifier group described above.

Just as in the pre-classifier case, the use of a two-layer TDNN with DFM and GF |
features is one structure that performs detailed classification. Other variations of the
TDNN, such a network with more than two layers, or a TDNN with different featuré sets
would also form effective detailed classifiers. In general, a detailed classifier can be
constructed by those of ordinary s!?:ill in the art using any number of statisﬁ_m! pattern .
classtfiers, such as classification and reg:essfon- trees, neural networks, radial basis
functions, mixture of experts. A detailed classifier m also use stroke matching. The
invention does r-10t depend on particular recognition technology. The TDNN can also

* refain state between sequential calls of the incremental recognizer, in order to
minimize the overall amount of computation. Other speed optimizations of the TDNN,
such as uéing sparse matrix-vector multipﬁ;:ation, are obvious fo those skilled in the

art.



f:m'thi s description and prior references. For the GF nodul e
2.., t he each el enent of the two-dinensional vector variables D1 through
4. lar.e encoded by eight fuzzy membership functions that evenly span the

i fit er val
centered

0.71, -0.43, -0.14, 0.14, 0.43, 0.71, 2%)}. A total of 64 outputs are thus

from - 1 to 1. In other words, the nenbership functions are

41 at {-1.0,

praduced by the R 5 shbws i@ mdureséﬂmlmﬂamlmmﬁm@addﬁge@mm

possi bl e.

The second pre-processing nodule is a Directional

Feat ure Mapcqnpiple cteBacterbh cTHeHNN zlk@gssiste insthe seeognitibnf eharasters that are
t hrree-di nensi onal tensor, which contains spatial information of where the
st roke nai nweitersinaarcerdeathat ¢ mafdivé oaturablvbkenerder arndin theaecogrition dfrcurdiee

paper "Cl assification of Handprinted Chi nese Characters Using Non-

Nor nmal i zat i charastersCoAll ofl the istrokegHn Rveiscalddystice likaresupplisditothe NNk dhésnaka,
whi ch appeared in pp. 168-171 in the Proceedings of the 9th International
Conf er ence arenwPdedterensate thadareg ¢amplited 1o the, INNO drst,| EBEMGE2BistcompBbed. dhe
Press. DFMs are further described in detail in United States Patent No.
5, 337, 372 tlFM&22rhasdAdifferent parametersthan tiné\DEl\rms&:d:fCElGﬁﬁ 1 TheFNiB88ent

i nventi on,

the processing steps perfornmed in the
produces a 5 by 8 by 8 tensor. The DFM uses five membership functions for encoding

directions: F_45, F_0, F_315, F_270, and F_225. Rare points on strokes that havg
directions that lie outside thesemembership functions are ignored to reduce the size of
the INN 320. The 8 by 8 resolution still covers the square [0-1]x[0-1]. The increased )
spatial resolution of the DFM 322 is necessary because all of the strokes are being
supplied, not just one stroke. The output of the a_Il-s'troke DFM 322 is simply the sum of

the outputs of the steps in FIG. 13 applied to each individual input stroke. Alf 320

‘pixels in the DFM output are supplied to the standard neural network 324 as a single

vector.

The EPM préprocessing module 326 supplies information about the location of
thé endpoints of the strokes to the neural network 324. For each first and last point of
every stroke, the EPM 326 produces a fuzzy encoding of the X and Y location of these
points: X_iand Y_i. According to the presently preferred embodiment, each of these
fuzzy encodings are produced by five membership functions evenly spanning the

interval from 0.0 to 1.0. As a next step, the EPM 326 forms an image B_jj for every first

i near



Al are illustrated in FIG 13. In FIG .11, each first |ayer 262
igja standard neural network l|ayer, with 80 output neurons in the

pr.ef erred enbodiment. The second | ayer 270 is a standard neural network
|‘a§er. The second | ayer 270 accepts inputs fromall three copies of the
first layer 262, for a total of 240 inputs. The second |ayer 270 has 32
out put neurons, each of which corresp s to a particular group of

char act er ddridstipoirg byriakiag fhar dutenyreduct bBbtddeartie DINNzzy encodings and the Y

42, For purposes of this disclosure, a standard neural network | ayer
pefiforns tfeezy engedmgsons of nultiplying a matrix of weights by an input
vector, and taking the resulting vector and applying a signoidal
non-lineariBy=Xo Yt to yield an output vector. Such standard neur al
network | ayers ar € fully described in the standard textbook, "An
Introduction to the Theory of Neural Conputations” by J. Hertz, A Krogh,
and R Pal ner, Addi son- Wesl ey, (1991), Chapter 6. FIG 13 is

flow di agr 3, W GRo8IRNF « S 1 8 BitoP Sl SR8 Rt bRa 1% polnd 85d IlRsmits these
summed values to the neural network 324. In the preferred embodiment, there are 25

output values that get treated as a vector.

According toa presently preferred embodiment of the invention, the standard
rieural network 324 comprises two standard-neural network layers, with 375 inputs,
200 hidden units, and the same number of outputs as the corresponding TDNN 310.
The INN 320 is trained via standard back-propagation. The examples in the training
set for the Mih INN is the same as the examples i the training set for the Mih TDNN.
For the- stroke subsets that contain all of the strokes for a character, the output t_hét
corresponds to the identity of the character is trained to be high, while all other outputs
are trained to be low. For all other stroke subsets that contain partial characters, all of
the outputs are trained to be off. Therefore, the INN is trained to only respond to
complete characters and not to add a significant output signal when the character is

not complete.




L

sént invention applied to one stroke. Step 280 in FIG 13 re-sanples the
F£8oke to provide a stroke with regular spacing between the points of the
stiioke. When the stroke is re-sanpled, linear interpolation between the
eXiisting data points is used. Such a re-sanpling step is well-known in the
prior art through exanples such as are fgaund in United States Patent
5,105,468 to CGuyon, et al. Linear interpolationis well- known and is
descri bed i n nui@imilacio the TIDNN, eveoxinstanseef the 38 diffetemtdNNsdiavaesiifesent in  C,
by Press, Vetterling, Teukol sky, and Fl annery, 2nd edition, p 114,

Carbri dge wéighteris the/neurabsetwoio824. . The stapdardawaralingtwierk 324 cag bet optimized

di st ance between each stroke exanple is 0.06. After re-sanpling,
st eép 282 i rkn waysithatsare veslidmonmario theari uging sparde matrix-vectennmuliplivation  t he
re-sanpl ed stroke. Step 284 then initializes a three-dinensional tensor
variable Aijk to be filled wwth zero. The main | oop of the DFM starts
wi-th step 286, where the x

43"  vari abl e | Stépasedf RG.HMisa step whiak post-processes the hypothesis list. e thend
step 288, where the y variable is | oaded with the y location of the
current poipnefeped efilardiments thez® @reltives postegocessingstefisrtbat camprisectep 856.t he
stroke at the current point pt. The determ nation of the direction of

t he cur r entaspshiosin ind@e 1l 6, dithowgh ithoserskillad in thedart sanlimagineotier possililiitied. of

These post-processing steps consist of a hypothesis deletion algorithm at step 330, a
hypothesis insertion algorithm at step 332, and a hypothesis re-ordering algorithm at

~ step 334.

FIG. 17 is a flow diagram which shows the steps in the preferred embodiment of
the hypothesis deletion algorithm 330."The purpose of the hypothesis deletion
algorithm is to delete hypotheses that have too few strokes, compared o the number of
strokes written so far in the partial charact-er. For example, if the user writes 8 strokes,
the incremental recognizer can safely delete hypotheses that are reasonably

- guaranteed to have 7 or fewer strokes. The hypothesis deletion algorithm requires an
array of data which is the maximum number of strokes that.an hypothesis may have.
This array is derived empirically from the training set. Each element of the array is
derived by finding the maximum number of strokes for all examples of a particular
character idéhtity. it is obvious to those skilled in the art that othér criteria for

hypothesis deletion can be used.



& ted States Patent 5,105,468 to Guyon. Step 292 then produces
%yzy encoding of the x location, the y location, and the theta

d1 fection and places the encddings into the vector variables Xi, Y_j, and
Theta k respectively. According to a presently preferred enmbodi mant the

| ocations x and y are encoded intosfive nmenbership function that evenly

momber ohi p { unchiak nren 3B EGolisant reﬁét'sﬁéﬁb“@é%ﬁed%‘ug %drev%néﬂt 04l
are shown P BIEE il Bl e Bagleiey snlefh b il
F_315. The rre%ershl ti a ﬁ’%@q ee é Jg aro _
that it |sth(,e(‘3l u§ Q\#?% ﬁé Q% tf%{] &Py ﬁrﬁ“a:?%g lé Li%@@'lS)
LT o B BRER o et Al A i
St. 294 f h I Ki d

bet woen xt' S by Rt inesien 0oTRiT & FleRes ”S?@hiﬁ FidRs PEgeRalar 2ol o
Aijk. ﬁ),lé% t hen conpl et es the | oop by determ ni ng whether the
current poi Is the

Step 344 determines M, the maximum number of strokes for the identity of the
ith hypothesis. Step 346.then checks to see if the variable M is smaller than the
variable numStrokes, which is the total number of strokes written by the user in the
current partial character. If numStrokes exceeds M, then step 348 deletes the ith
hypothesis from the hypothesis list. In any event, control flows to step 350, where the

counter variable i is decremented, so that the next hypothesis will be considered.

It will be apparent to those skilled in the art that there are many different 'ways of
implementing the hypothesis deletion algorithm in software. The algorithm shown in’
FIG 17 is exemplary, and such skilled p'ersohs will realize that the present invention is
not limited td embodiments which implemént the hypothesis deletion algorithm in the

manner disclosed herein.

The hypothesis insertion algorithm 332 of FIG. 16 is shown in detail in the flow

diagram of FIG. 18. The hypothesis insertion algorithm is used to insert hypotheses



il ast point of the re-sanpled stroke. If it is, then step 298 takes Aijk
asijthe result of the DFM Oherw se, step 300 sets the current point pt to
t'heé next point on the stroke. In the preferred enbodi nent, all
200 output values in the three-di nensional tensor of the DFM 268 are
treated as a 200-el enent vector and sugglied to a copy of the first |ayer

Egrzé_ma-t ers ug}ict-;é %‘tee ﬁﬁf@gﬁg eofté\;%ér{}gﬁ%\t,%@% l"@?‘ﬁ ﬁyé)@g?ﬁ?%ﬁ)ﬁ{ H%t"g qul]%g{aq;yc this
rosol ut  on eI EESEs PG RioHEE T RS cah RiBaboBplel PR ™
OEM 1 ass MPOL S B bulBBp of i eo e i AL oPlRkbad B sbfing more
e e SRSk e PLTA hBhalR 5D €8 s b St o
O el sl W
sroxe o EUfrOATREIRE bt Wb o s e et
of th e’ fir ggr?lp}ée%e@%é_ers and f‘r\fe s:méfaer subset cﬁacher can%%ve ngi}af corrilﬂedenoes Py
when the subset character is presented to the incremental recognizer. The hypothesis

li_st may not be long enough to contain the subset character, so it gets left off.

It is important that the incremental recognizer prominently display the subset
character when all of the strokes of the subset character are entered into the system,
because the user has no other way to enter the subset character. Therefore, the
hypothesis insertion algorithm attempts to insert a subset character as the first

hypothesis when it detects many hypotheses that contain that subset.

‘lhe_hypothesis insertion algorithm requires a table which is indexed by
character identity. Each entry in the table is a list of characters which are subsets of the

character that is being indexed.




The first layer 262 and the second |ayer 270 of preclassifier 260
trained using the standard back-propagation algorithmas described in
hé standard textbook by J. Hert, A Krogh, and R Palner, in Chapter 6. As
i-s ‘wel | -known in the art of training a TDNN, there is onIy one stored set
of first layer weights, which get updatg@ by the gradients supplied by al

the paper. by veBietalled ypBitEsis b Aigdidhth R . J8Degins g step 960, Where
ety S0 A A LR G Mt 5
Supp e i 50T e 3R @ble. ep 5B ¥Rkt e Vg oL s SBhesitin dect o

it %gﬁfgé'zegﬂ‘ﬁ?t@@% %33%?‘% ?égiii%f ﬁﬁééﬁ‘@?s 3”%"??%2@‘2‘5?3‘%%@@? ?a;egafséréit to
ot 'hegrJ ou![O p aﬁgiaeﬁ r{ﬁﬁe‘s }nlseg giﬂg%’?@r's firishe §%‘?P‘Pﬂiwlﬁmee

tsgt él str 051%% ﬂOWtO t%e%%o&ess rlé-%?dgnnrigl arlgor?tpi Cetp63r.34 gf l'-qu?g to the training

If the counter is greater than 0, then the ith entry in the list s is examined at step
366 to determine if s[i] is a subset of at least 3 of the top 5 hypotheses. This rule was
determined empirically: other similar rules may be constructed by those skilled in the
art. If s[i] is a common subset, then control flows to step 368, where the variable M is

loaded with the maximum number of strokes for the character s{i.

Step 370 determines whether ihe current number of strokes entered as a partial
character is greater than M. If not, then s[i] is added to the hypothesis list in first place
at step 372. If the current number of strokes entered as a partial character is greater
than M, or if the decision in step 366 was tl'_'iat slijwasnota subsét of at least 3 out of
the § top hypotheses, then the subset should not be displayed and the variable i is
decremented in step 374. Process control '_then retumns to step 364 where it is again

determined if i>0.



b33 assi gnment of the characters to the desired groups are required for
tgai ning the pre-classifier 260. The assignnent of the 5401 characters to
Hel 32 pre-classifier groups for the preferred enbodi nent is shown in
Appendi x A hereto. Each group has a |l abel, then the characters bel onging
to the group are shown, then the nunber ofg characters in that group are

| aniguage, thi ggkgﬁﬁﬂk&ggy%%en%p‘%@%@sem?&alg%r% r'gﬁf’ eagg]%?lg?)@_ﬁ@r e the
Phose ok || S RS 1h i bRRHplery, Shd s Weiteg Befiis (g Ffe€ T @%et Tne”
: L;t per for Hefsidh 518 1B 19 Aobidote; wER mpRBIRE B Rresinteetotn o
would al S0 RGBT AR Do EiGederdns " "general , a pre- ol assi fier can

be constructed by those of ordinary skill in the art using any standard

statistical pattern classifier, such as classification and regression
trees, neural networks, radial basis functions, or mxture of experts. The

pre-cl assifier cE® Bypathesis woordering algerithei (stepB34 of FIG. 16) is shown in greater
detail in the flow diagram of FIG. 19. The purpose of the hypothesis re-ordering

algorithm is similar to that of the hypothesis insertion algorithm: if it finds a subset
character on the hypothesis list, it will promote it. However, because re-ordering the
hypotheses is a less drastic step than inserting a hypothesis, the re-ordering algorithm

takes less evidence to promote a hypothesis than to insert one.

The hypothesis re-ordering algorithm 334 of FIG. 16 starts at step 380 of FIG.
. 19, where a counter variable i is set to 1. The counter variable i will refer to the
hypothesis that is currently being considered. In the preferred embodiment, the first ten
'hypotheées will undergo possible re-ordering. Other numbers of re-ordered

hypotheses are also possible.

Step 382 then determines whether the counter variable i is less than or equal to

10. If not, then the hypothesis re-ordering algorithm is finished, and control will flow




olze mat chi ng al gorithm The invention does noLdepend on particul ar
gglogni tion technology. The pre-classifier.itself can be conposed of nore

"'""""naone nmodul e, including nultiple feature detection and multiple
recogni zer sub-nodul es. The pre- classifier can also retain state between
sequential calls of the increnental recognpizer, in order to mnimze the

the ot ruct oa o?f I TRRR: (Qtprvisey e"'f”°§‘r"é‘i‘@n{f3 et e?%&%a@ the
Struct ure o Sopeel wit] B o ShAG OF g h ity tﬁ&sﬁﬁ“ e Bl
of the i *‘% E’@ﬁﬁ'ﬂfﬂ*e“%m AR I i S B L BLRL 5?”‘?55 BUSEng
?;eng?gl gl ?ggl i er cetar;s]ggas‘aﬂgeﬁa ' r%ﬁ?t%‘% &k" eno%llé{brle f?&g&e&%\ﬁﬁ? )}fb‘s a
e, “In t AEEh E‘b% 5% eifaleh Bhe inBRbse SRt o 385§°'§E>"'{ﬁ§ e 890,
%12§:§f 88 spUfer YnP) BARRD PRl o Rt e G =k 6 #e'gr Each
| it counter variable j is greater than zero, then step 392 examines whether the jth

element of the list s (sf]) appears in the hypothesis list. If it does not, then it cannot be

re-ordered and control fiows to step 394, where j is set equal to ]-1. Otherwise, step

396 loads variable p with the position of s{j] on the hypothesis list. Step 398 then

examines whether the subset character sfi] has a lower confidence than the currently

examined hirpothesis, by detemining whether the variable p is greater than the - -

variable i,

Step 398 also determines whether the subset character s{i] has a high enough
cbnﬁdence value to appear in the first ten hypotheses. (The value of ten in step 398
can vary, as is obvious to those skilled in the art). If efther of the logical comparisons at
step 398 is false, then the subset character sfj] should not be promoted, and control
flows to step 394. Otherwise, step 400 qeletes s[j] from the hypothesis list and step

402 inserts sfj] in the hypothesis list at position i, which is just above the current




has 20 output neurons. The second |ayer 314, which is a standard neural
n@‘tﬁlwork | ayer, receives inputs fromall 25 copies of the first |ayer, for
a:itijof al of 500 inputs. The nunber of outputs in the second |ayer of the
PeH TDNN 310 is equal to the nunber of character identities in the Pth
detailed classifier group. Every instanceggf the 32 di fferent TDNNs have

310 15 somcWRInERFs §?%9‘%’%5‘4 w50 8k Ry st chvectpf aBbS4 T Bt P
of - Tor aveh R PR G eIt Bt PRG e B Pt e ot roke

subsets whose stroke nunber ranges fromthree to the tot al nunber of
strokes in the character. These training subsets start at the first stroke

d h h d h h
%" Char act or - rateP AgInEREY fsntﬁéggéwt%%@beﬁaofp? GoBrdeet fina el i or
dded to_the t : of h
charact er Va8 eo@@%'ﬂ?%” st ﬁ&ﬁgéﬁ%%agﬁir%%wﬁﬁa@ el fepa e
th babi t t
s 77" oty Step Sy Shorel RE S et S et R SR ke e,

five stroke are ad.ded to the training set: the first through
third strok%%xtsf‘ﬁﬁéfq% OthEsiS g h

- It will be apparent to those of ordinary skill in the art that there are many different
ways of implementing the hypothesis re-ordering algorithm in software. The algorithm
shown in FIG 19 is exemplary, and such skilled persons will realize that the present
invention is not limited to embodiments which implement the hypothesis re-.orderin_g'

~algorithm in the manner disclosed herein. o -

It will be apparent to those skilled in the art thaf other criteria can be used to re-
order the hypothesis list. For example, if two or more hypotheses have similar
confidence levels, they can be re-ordered according to the number of strokes or the

frequency of occurrence of the character. '

While embodiments and applications of this invention have been shown and
described, it would be apparent to those skilled in the art that many more modifications

than mentioned above are possible without departing from the inventive concepts -




£t okes, - and the first. throud _h strokes repeated three times:
5 “oke .subset is “l'abel | ed vii't fhe "i dentity of the character from ™
mmlch it was. dramm The out put ‘corresponding to that identity is trained:
te be - hi gh, .while all other outputs are trained to be low Thus, the TDNN. .
310 is trained to |dent|fy al | possi bl g9nat ural - or der subset s mﬁth t hree

or nore strakes_of the characters,

The assi gMeEein.” Eﬁhed%‘@“é!eﬂetﬂ@re%qet ﬁé“’&g{hﬁ‘? r"éﬁ%‘géé‘f@?@@' lfﬂt)gfg’légn
automatic procedure-once the pre-classifier group aSS|gnnent has been nade
and the prappendedslaimser 260 has been trained. The first three strokes of
every exanple in the training set for the entire character set is
generated. Again, if there-are fewer than three strokes in a character
exanple, the entire character is used. The pre-classifier 260 is eval uated
on every exanple in the generated set of a particular character and the
maxi mum out put identity Mis recorded. For each character identity, if a
val ue of M occurs nore often than a threshold, that character identity is
assigned to the Mh detailed classifier -group. In the preferred

enbodi nent, wth a training set that consists of 40 exanples of each
character, the threshold is once. In this way, a character identity can be
assigned to nore than one detailed classifier group. The groups that the
identity is assigned to will be the groups that the pre-classifier wll
tend to select . when characters with this identity occur. In this way,
pre-classifier errors are conpensated by allomnng nore than one detail ed
classifier to recognize a character. .
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such-as. us;ng Sparse. mat rix- veclor nultlpllcatlon .are obvi-ous- to. those

skilled in the art. FBQ e
FIG.,lﬁ shows the structure of the | NN 320, mhlch I s opt|n1zed to recognlze )

______ e characters. The INN al so assists in the recogni.tion of characters
that‘a e witten in an order that is gt the natural stroke order and in
t he redognltlon of cursive characters. Al of the strokes in the scal ed

stroke ‘| i sEE & 8 ShiiHE &I B B TVE EMECT IR 28 170 feature sets that are
conput ed for the INN First, a DFM 322 is conmputed. The DFM 322 has

di fferent The DFM 322 produces a 5
by 8 by 8 ﬁ%&ctlons for encoding
directlons %

have dlre

re points on strokes that
reduce the

functions are ignored to
) ution still covers the

square [O-1 x[O 1] The increased spatial resolution of the DFM 322 is

necessary dogcause all of the strokes are being supplied, not just one

stroke. Fo¥y HiE 8- KGR ORNE B2 & I&sffsi nply the sumof the
out put's ofﬂ%ﬁﬁﬁﬁﬁﬁﬁ@lﬁeﬁﬁﬁ% 39ndi vi dual i nput stroke.

Al 320 ggﬁels in the DFM out put are supplied to the standard neural
networ K 32 S el VA 1 o9 g e e 59 o e 70 B B P 9 0
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neur-al . n_etwnrk 324 conpri ses.. two standard neur aI network Iayers Wi th 3
i Aput's, 200 hi dden units, and the same nunber :of ‘out puts as the -
correspondizng TDNN 310. The I'NN 320 is trained via st andard

back- pr opagn;atl on. The exanples in the training set forsthe Mh INNis the

same as thgxgxanples in the training set for t3he Mh TONN. For the stroke
subset s that icontain all of the strokes for 3 character, the output that-
corresponds’ to. t%%@rﬁlﬁﬂﬁlﬁ*ﬁﬁm%ﬁﬁﬁ%ﬁﬁﬁ g to be high, while
al | other output$Z farik BErEifHdE Bo=1 Bk S BT st ﬁﬁ%% stroke subsets that
contain partial %ﬁ?%giﬂﬁlﬁﬁ%ﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁ ned to be off.
Therefore,.the | A8d26% onl y respond to conplete characters and
not to add a significant output signal when the character is not conplete.
52 Simlar to the TDNN, every instance of the 32 different INNs have
different weights in the neural network 324. The standard neural network
324 can be optimzed in ways that are well-known in the art, using sparse
mat ri x-vector rmultiplication. Step 256 of FIG 10 is a step which
post - processes the hypothesis list. In the preferred enbodinent, there are
t hree post-processing steps that conprise step 256,

m?’i#’hsis iR



as’ shown rin:‘-..-;.i}G 16, al though those skilled in the art can imagi ne other
possrbrlrtres These post-processing steps consist of a hypothesis

del etkon al gorr thmat step 330, a hypothesis insertion algorithmat step
332, and a hypothesis re-ordering al gorrt%m step 334. FIG 17
is a flow di agrakinghi ch shows the steps i 4the preferred enbodi nent of the
hypot hesi s del etﬁ)ﬁﬁ OB mmw 20 ;_ & pot hesi s del etion
algorithmis to HefeBebii} : iy e ¥ okes, conpared to

t he nunber of ESHPL 3 f 2= L aracter. For
exanple, if the HsE ZwiEg I8 & St ¥ & TS BBNt&R recogni zer can
safely del ete hypvthEsEs”tHat are reasonably guarant eed to have 7 or fewer
strokes. The hyp@ is deletion al gorrthm requires an array of data which
is the maxi mum ng 2 have This array is
derived enpiric REfE BT B of the array is
derived by findi s EekBdEniEnigEapraE W%ﬁﬁkss for all exanples of a
particul ar character |dent|ty It is obvious to those skilled in the art

t hat ot her crrtdihafor others del etion_can- he used.
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di agram of:Fl G. 18. The hypot heSl S . nsert I on. ai gor| t hmis used to i nsert
hypot heses 54 which are o
strict subsets of other hypot heses on .t he hypot he5| s list. Many ideographi c
characters aré subsets of one another. That is, the user can forma T
character by:jwiting a certain nunber of strokes then forma different
character by# éddl ng nore strokes. |If theébuser wites a character that is a
subset of another character the increnental recognizer may produce a

hypot hesis |ist t#:48 foih ﬁa‘%g %%% %%}%c%r but not the

si npl er subset c X8 s %ﬁlgg‘ﬁﬁt % ﬁt se many conpl ex
characters and t & FPerl%ubset character can have sinilar confidences
when the subset ch racter is presented to the increnmental recognizer. The

hypot hesis i st ﬁ()gg%l g@u_tg tﬁﬁ@@ g@gsubset character, so
it gets left off. E%?Kﬂéﬁﬁ' g:crerrental recogni zer

promnently dis I@gmgﬁ- ﬁlﬁrﬁif@@@ £ #he strokes of the
subset Character iﬂﬁiﬁﬂﬁﬁﬁﬁﬂi%?@?d?ﬁh@éﬁiékéhﬁaﬁb #&e he user has no
ot her way to ent && B gul8det character. Therefore, the hypot hesi s

I nsertion al gorlthm attenpts to insert a subset character as the first

—+

hypot hesi s when i ect tai.n that subset.
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Thes hypot-hesi-s insertion akggﬁhthnlpequyfegigtyab{e_mhrch.15'LﬂdEX§dﬁb 55
‘character identity. Each entry in the table is-a-list of characters which- +
are subsets of the -character that is bei'ng indexed. =~

55 * The detail ed hypothesis insertion algorithmof FIG 18 begins at
step 360 ere the variables will contain the list of subsets of the
first (i , best) hypot hesis, taken fromthe subset table. Step 362

deternminés ithe length of this list and sgpres it in a counter vari abl e,
i. Step 364 then determ nes whether the counter variable is greater t han

zero. |f not, F R % i el ol €h& i s fini shed and
control can %g%gﬁ%g%ﬁﬁ?@gﬁﬁggﬁﬁ%g?ﬁgggs reordering algorithm (step 334 of
FIG 16). f the counter is greater than 0, then the ith entry in
the list s is examned at step 366 to determne if s[i] is a subset of at

| east 3 of the top 5 hypotheses. This rule was determ ned enpirically:
other simlar rules may be constructed by those skilled in the art. If
s[i] is a conmon subset, then control flows to step 368, where the variable
Mis |oaded with the maxi mum nunber of- strokes for the character s[i].




®8p 370 determ nes whether the current nunber of strokes entered as a
payitial character is greater than M If not, then s[i] is added to the
H§potshesis list in first place at step 372. |If the current nunber of
st¥okes entered as a partial character is greater than M or if the
decision in step 366 was that s[i] was not a subset of at |east 3 out of
the 5 top hypot heses, then the subset sha@dd d not be displayed and the

variable i is decrenmented in step 374. Process control then returns to
step 364 where it iCLAHS n deternined if i>0
56° It wii.l beppepatas dort indremchtab racofnitiortiof idsograghic handwiiting art t hat

there are many different ways of inplenenting the hypothesis insertion

al gori t hm iconymidingar e. The algorithm shown in FIG 18 is exenplary, and
such skilled persons will realize that the present invention is not
linmited to embodi mentscomputdr entryltabietrior éreririysuokbeof an idesgraphRitha?h&er int hm

I n-the manner di scl osed herein. The hypot hesis re-ordering
al gorit hm (rettapl 8Pckeobrder;G. 16) is shown in greater detail in the flow
di agram of FIG 19. The purpose of the hypothesis re-ordering algorithmis
simlar to that of thn ilyaatiebcaractecctognizericoasled said tomrputdriierya subset
character on the hypothesis list, it will pronote it However, because
reor deri ng tathiet, responsive to partial characters, that generates an hypothesis list of at least one
candidate character containing said strokes;
means for displaying said hypothesis list;
means for selecting a correct character from among said at least one
candidate character of said hypothesis list;
means for providing at least one additional individual stroke in natural
stroke order to said incremental character recognizer if none of said at [east one

candidate character of said hypothesis list have been selected.

2. The apparatus of claim 1, wherein said incremental character recognizer
comprises:
a pre-processor, and

a statistical pattem classifier.

3. The apparatus of claim 2, wherein said statistical pattem classifier

- comprises at least one standard neural network layer.

* ¢C. L N s *




dot heses is a 1ess drastic step than inserting a hypothesis, the

3 dering algorithm takes |ess evidence to pronote a hypothesis than to -
i-Askert one. The hypot hesis re-ordering algorithm 334 of FIG 16
starts at step 380 of FIG 19, where a counter variable i is set to 1. The
counter variable i wll refer to the hypothesis that is currently being
considered. In the preferred enbodi mre9, the first ten hypotheses wll

undergo possi bl e4re- Ohﬁ’&éf}smatu%erairﬂﬁmﬁéx%npéaid staGistitel patterh kRREHIGSES are

al so possi bl e. tep 382 then determ nes whether the counter
vari abl e i E@mb?@és %Qﬁfb—@?laﬁ%éé‘}am@twoﬁg- If not, then the hypothesis
re-ordering algorithmis tihished, and control wll flow :

57 i back to step 128 of FIG 6. Otherwi se, control will flowto step 384,
where the vari abl e s is loaded with the list of subsets for the ith

hypothesi s. Stepg386 TagdspdrifisCR iR, whirdin 841 thdrembital dHaRadt lget he
list in variable s. The counter variable ] will iterate over the Tist s.

Step 388 W LLmpKasd.-ne whether the counter variable j is greater than zero.
| f not, then the exam nation of the ith hypothesis is finished, and
control flows to step; 3Rfality of detailed classifiers, each detailed classifier recognizing a
subset of possible characters;
a pre-classifier, which selects one of the plurality of detailed classiﬁefs to

use.

6. The apparatus of claim 1, wherein said incremental character recognizer

further includes means for manipulating said hypothesis list of candidate characters.

T The apparatus of claim 6, wherein said means for manipulating said

hypbthesis list of candidate characters comprises means for deleti'ng hypothesis.

8. The apparatus of claim 6, wherein said means for manipulating said

hypothesis list of candidate characters comprises means for inserting hypothesis.

9. The apparatus of claim 6, wherein said means for manipulating said
hypothesis list of candidate characters comprises means for re-ordering the

hypothesis.

o




26" e counter variable i is increnmented and control then flows back to step
] | f counter variable j is greater than zero, then step 392
exam,nes whether the jth element of the list s (s[i]) appears in the '
hypothesis list. If it does not, then it cannot be re-ordered and control
flows to step 394, where | is set equa./l to j-1. Oherwise, step 396 |oads
variable p with the position of s[j] on the hypothesis list. Step 398 then
exan nes whet hef0f heAawipparatusfordee encrarhentahresognitiavideographicdbametarban t he
currently exam ned hypothesis, by determ ning whether the variable p is
great er thaoniphgingvari able i. Step 398 al so determ nes whet her

t he subset character s[j] has a high enough confidence value to appear in
the first ten hypot hasaput déViee ¥arlthe ingut bEcoordinateaats Bspresenting strgkesasf ans
obvious to those skilled in the art). If either of the |ogical comparisons

at step 3ufedgraphit shardcdhen t he subset character s[j] should not be
pronoted, and control flows to step 394. O herw se, step 400 deletes s[j]

from the hypot hesi s &am &ipudprbcebsyr fortha prosessing of[sald coordihete ldgfzot hesi s | i st
at position i, which is just above the current
58 hypot hesi s. Step 4fhoesraaniabrecbghizear thekis! rgsporissetto padiahcharactarspaal s i n
the list before _
generates a hypothesis list of at least one candidate character;
a display device;
a window on said display device which is divided into a first region for
displaying strokes and a second region for displaying said at least one candidate

charaéter.

11. The apparatus of claim 10, wherein said input device is a touchpad that

is smaller than 3 inches in width and height.

12. The apparatus of claim 10, where the entire coordinate system of said

input device is mapped into the entire coordinate system of said window

13. The apparatus of claim 10, wherein sald window further includes a

region for the display of commands.

* C L M S *




efpre conplicated character that contains that subset character. .

404 increnents the counter variable i "'by 1, to conpensate for the fact
1ay .a new hypothesis was inserted in the |ist before the current

hypot hesis. Control then flows to step 394, where the counter variable j
I's decremented in order to exam ne the next subset of hypothesis i.

It will be apparent to those of ordinary 8kill in the art that there are
many different yways fife agpka05 0t LBk 1BSwhyiRMH £A8 cdmnem [@eiohNds ) th[ahm
in software. The algorithm shown in FIG 19 is exenplary, and such skilled
persons W | bdfeaf s3@ Wwihddwt he present invention is not limted to

enbeodi nent s i ch inplenent the hypothesis re-ordering algorithmin the
manner di scl osed herein. It will be apparent to those skilled in
the art that other criteria can be used to re- order the hypothesis list.
For exanple, if jgo0 OmheBpRrdtidef Hame I3 aéreRi SAid %écod&'ébfdﬁ%?&isbl% ﬁbs,

they can be re-ordered according to the nunmber of strokes or the réguency
of occurrenggidQi [ddie ofd BRAGHAE character lies alofly ms.eagbqﬁ sERMWiRdéwd
applications of this invention have been shown an described, it would be
apparent to those skilled in the art that many nore nodifications

16. The apparatus of claim 13, wherein said stroke region is divided info a
plurality of sub-regions, said input processor responsive to coordinate input in said

plurality of sub-regions.

17. A method for incremental recognition of ideographic handwriting

comprising in order the steps of:

(1) entering at least one stroke of an ideographic character from a
computer entry tablet;

| (2) providing said at least one sfroke 1o -an incremental character

recog_nizer including a pre-processor and:a statistical pattem classifier, said
incremental recognizer producing a hypothesis list of at least one candidate character;

(3) displaying said hypothesis list of candidate char‘acters containing
said at least one stroke;

(4) selecting a comrect character from among said candidate characters
on said hypothesis list if it a correct character appears thereon;

© (5) entering at least one additional stroke of said ideographic character

' * c L M s *




“menti oned above are possi bl e without departing fromthe inventive
céntepts 59 herein. The

i nvention, therefore, is not to berestrlcted except in the spirit of the
appénded C| ai ns. 60 APPENDI X A CHARACTER GROUPI NG LI ST
(Pred assification) banboo: [err] 72 boat: [err]

from said computer entry tablet if no candidate character is a comrect character;
(6) providing said at least one additional stroke fo said incremental
character recognizer and producing an updated hypothesis list of at least one

candidate character;

(7) displaying said updated hypothesis list of candidate characters
containing every stroke;

(8) selecting a correct character from among said candidate characters
on said updated hypothesis list if it a comrect character appears thereon; and

(9) repeating steps (5) through (8) until a correct character is selected

from said updated hypothesis list.

18.  The method of claim 17, wherein said stafistical pattemn classifier

comprises at least one standard neural network layer.

19. The method of claim 17, wherein said statistical pattem classifier

comprises a time-delay neural network.

20. The method of claim 17, wherein said incremental character recognizer
comprises:
a plurality of detailed classifiers, each detailed classifier recognizing a

subset of possible characters;

* - C L M s *




cloth: [err] cover: [err] 61 [err] crop:
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73

a pre-classifier, which selects one of the plurality of detailed classifiers to

use.

21. The method of claim 17, wherein said step of producing said updated

| hypothesis list includes the step of deleting at least one of said candidate characters

from said hypothesis list.

22.  The method-of claim 17, of wherein said step of producing an updated
hypothesis list includes the step of inserting at least one additional candidate

character said hypothesis list.

23. The method of claim 17, wherein said candidate characters have an
order and wherein said step of producing an. updated hypothesis list includes the step
of i'eeérdering- at least one of safd candidate characters on said updated hypothesis

list.

24. A method for incremental recognition of ideographic handwriting -

comprising in order the steps of:

(1) entering at least one stroke of an ideographic character in natural

 stroke order from a computer entry tablet;
(2) providing said at least one sfroke to an incremental character

recognizer including a pre-proceésor and a statistical pattemn classifier, said

[
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incremental recognizer producing a hypothesis list of at least one candidate character;

(3) displaying said hypothesis list of candidate characters containing
said at least one stroke;

(4) selecting a correct character from among said candidate characters
on said hypothesis list if rt a cormrect character appears thereon;

(5) entering at least one additional stroke of said ideographic character
in natural stroke order from said computer entry tablet if no candidate character is a
correct charactér,

(6) providing said at least one additional stroke to said incremental
character recognizer and producing an updated hypothesis list of at least one
candidate character;

(7). displaying said updated hypothesis list of candidate cham&em
containing every stroke;

(8) selecting a comrect character from among said candidate characters
on said updated hypothesis list if it a comrect character appears thereon; and

(9) repeating steps (5) through (8) until a correct character is selected

from said updated hypothesis list.

T
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Abstract 75

INCREMENTAL IDEOGRAPHIC CHARACTER INPUT METHOD

A method for incremental recognition of ideographic handwriting comprises in
order the steps of: (1) entering in a natural stroke order at least one stroke of an
ideographic character from a computer entry tablet; (7)) providing the at least one
stroke to an incremental character recognizer, which produces a hypothesis list of at
least one candidate character; (3) displaying a hypothesis [list of candidate characters
containing the at least one stroke; (4) selecting a correct character from among the
candidate charactérs on the hypothesis list if it a correct character appears thereon; (5)
entering in nétural stroke order at least one additional siroke of the ideographic
character from the computer entry tablet if no candidate character is a comect
character; (6) providing the additional stroke(s) fo the incremental character
recognizer, which produces an updated hypothesis list; (7) displaying the updated
hypothesis list of candidate characters containing every stroke; (8) selecting a correct
character from among the candidate characters on the updated hypothesis list if it a
correct character appears thereon; and (9) repeating steps (5) through (8) until a

correct character is selected from the updated hypothesis list.
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conpri si ng: : . aconputer entry tablet for entering strokes: of
an i deographic character I n natural stroke order; “an

i ncrenental character recogni zer coupled to sai'd conputer entry tablet,
responsive to partial characters, that generates an hypothesis list of at
| east one candi date character contgffigi ng said strokes;

nmeans for_displaying said hypothesis |ist; means for
sel ecting a correct character fromanong said at |east one candidate
character of said hypothesis |ist; means for providing at

| east one additional individual stroke in natural stroke order to said
I ncrenental character recognizer if none of said at | east one candidate

character of said hypothesis |ist have been sel ect ed. 2. The
apparatus of claim11l, wherein said increnental character recognizer

conpri ses: e- Pk oSl gpne-16a a statistical
pattern classifier. ! he_A¥parlatus of claim2, wherein said

statistical pattern cIaSS|f|er conp-ises at | east one standard neural
network | ayer. AS 168

PREVIQUS N\ N__

STARTNEW | ~178
STROKE

250 180
A gxy) L~

FIG. 8




69 T . 4.%.: The. apparatus-of-
classifier conprlses a ti:ne-del:

appanatus of ¢lai-m 1, wherein said lncrenental

character :
conpri ses: : a plurality of detailed classifiers, each detalled
cl assifier recogn|2|ng a subset of possible characters;

recognl zer

a.

pre-classifier, which selects one offt4e plurality of detalled cIaSS|f|ers
to use. 6. The ‘apparatus of claim1, wherein said incrementa

character recognizer further incluges neans for

hypot hesi s |ist- of candidate cha
claim6,. wherein said neans f
candi date characters conpri sesSN
The apparatus of claim 6, wherei

& n

7.

mani pul ati ng sai d

The appar at us of
hypot hesis |ist of

ypot hesi s. 8.
mani pul ati ng said

202

p

oldCTdNum =:~1
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changaStart =1
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hypothe5|s list" of Candldate tharacters: conprlses means for inserting
hypotthesis. - ' 9." " "*The "apparat'us of claim®6, wherein said neans.:
mani gul ati ng said hypothe5|s | ist of candidate characters conprises neans
for re-ordering the  hypothesis. .
70 - 10. An apparatus for theayﬂ&renental recognltlon i deogr aphic
characters, conprising - an i nput device for the input of
coordi nate data representing strokes of an ideographic character;

an-input processor for the processing of said coordinate data;

an increnental recognizer that is responsive to partial characters and
generates a hypothesis |igt—of—at teast—ome—tandigate character;

a di splay device; - SCALE STROIBWIST sapd TUi'spl ay device which is
divided into a first regi G p-aa rokes and a second region for
di splaying said at |east one candidgte character.
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11., The apparatus. of cJa|n110 wher-ei n sald i hput device is a touchpad
that -

i s smaller than 3 inches in .wi-dth -and height 12. The
apparatus of claim 10, where the entire coordinate system of said

i nput
devi ce is mapped into the entire coordi nate system of said wi ndow

13. The apparatus of claim 10, g@qqgln sai d wi ndow further includes a
region for the display of comman

71 . 14. The apparatus of claim 13, wherein said command region lies
along the edge of said w ndow 15. The apparatus of claim 13,

wher.ein said second region for dlsplayrqgnvsald

Zrgast one. candi dat e

character lies al ong the eg§ 45H4F4fndq 16. The apparatus
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pIurallty of sub-regions, said-input processor responsive to coordinate

i nput® in said pIurallty of ‘sub-regions. -~ 17. A nethod for . -. . -

i ncr erent al recogni tion of |deograph|c handwriting conprising in order: t.he ook
steps of. (1) entering at |east one stroke of an ideographic -
character froma conputer entry t36Vt4; "~ (2) providing said "

at | east one stroke to an increnental character recognizer including a
pre-processor and a statistical pattern classifier, said increnenta
recogni zer producing a hypothesis list of at |east one candi date character,
(3) displaying said hypothesis Iist of candidate characters containing

said at | east one stroke; (4) _selecting a correct character
from anong sai d candi dat ¢ chma%@l d fhy@8€hesis list if it a
correct character ‘appearg thereon; . (5) entering at | east one

addi ti onal stroke of said |deograph c character
72 fronlsald conput er enfg da%ggcharacter is a correct
charact er; - ! (6}&@%,’_5%& d {ar?Peast one additi onal

stroke to said increnment
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char’acter recogni zer -and produci ng an updat éd hypothesis list of at |east: :.
one *candi dat-e character, _ . - (7). displaying said updated "...°"
hypot hesi s |ist. of candi date characters -containing every stroke;

(8) selecting a correct character from anong. sai.d candi date characters -on

sai d updated hypothesis list if it a correct character appears thereon; and .
(9) repeating steps (5) through ('H)TIMti |. a correct character is selected

fromsaid updated hypothesis |ist. - 18. The nethod of claim 17,
wherein said statistical pattern classifier conprises at |east one’
standard neural network |ayer. 19. The nmethod of claim 17,
wherein said statistical pattern classifier conprises a time-delay neural
net wor K. 20. The ne{hod of cl air8t¥, whereidtdsai d increnental
character recognizer ¢ I @S apgrality of detail ed

cl assifi erma{t\ det aif@dxlassi f ifeaymreepbgnrilzi ng a} subset of "possible
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73« . . - . .apre-classifier, which selects one of the plurality”
det @i | ed classifiers to. use. : +21. The nethod of claim 17, whérein: =

sai d step of producing said updat ed hypothesis list includes the step of« '~

del 8ting at | east one of said cand| date characters fromsaid hypothesis -
list. . 22.° The nethod of 12[1# m 17, of wherein said step of
produci ng an updated hypothesis list incl udes the step of inserting at

| east one additional candidate character said hypothesis |ist.

23. The nethod of claim i date chag@sgers have an =
order and wherein said stpp HHYPOTHEISDELETION U B8 hydot hesis |ist
includes the step of re-prderi ACARMBESt ond of said candi date characters

on said updated hypothesis Tist. 24. A nmethod for increnental

recogni tion of ideographi g—hancwitring
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conpri’sing i.n order the stéps of: . .- - ' (1) entering at Yéaét ‘one "

strokg of an |deograph|c character in natural stroke order froma conputer :

entry. tabl et; : (2) . provi ding said at |east one stroke to an. -
|ncrenental character recogni zer including a pre-processor and a '
statistical pattern classifier QJ

74 increnental recognizer prodUC|n3 '%ypothe5|s list of at |east one
candidat e character; (3) displaying said hypothesis |ist of -
candi date characters containing said at |east one stroke;

(4) selecting a correct character from anong said candi date characters on
said hypothesis list if .j . appears thereon;

(5) entering at [east on abal i deogr aphi ¢ character

i n natural stroke order en{ry tablet if no candidate
character is a correct (6) ‘éo3$§|ng sai d at

| east one additional stroke to said i ncremental charact recogni zer and

produci ng an updated hyp‘tneféfnlLéﬁeﬁhoﬁl |ef;¢3§he candi dat e character;

364
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(7) dJspIaylng sald updated hypothe5|s Ilst of candi dat’e - charactersfs
' (8) selecting.a correct ‘cha
on sai d updated hypothesis list

cont af ni ng every stroke;

from*anong said candi dat e ‘characters

a correct character appears thereont4/d

steps (5) through (8). -until
updat ed hypot hesis |ist.

a caﬁﬁeeL-chELg@bEr is selected fron1said

3|2

GQTO
STEP 128

OFpsEouusrmN

(9) repeatlng



Abstract 75
INCREMENTAL IDEOGRAPHIC CHARACTER INPUT METHOD

A method for incremental recognition of ideographic handwriting comprises in
order the steps of: (1) entering in a natural stroke order at least one stroke of an
ideographic character from a computer entry tablet; (2) providing the at [east one
stroke to an incremental character recognizer, which produces a hypothesis list_ of at
least one candidate character; (3) displaying a hypothesis fist of candidate characters
containing the at least one stroke; (4) selecting a correct character from among the
candidate characters on the hypothesis list if it a correct character appears thereon; (5)
entering in natural stroke order at least one additional stroke of the ideographic
character from the computer entry tablet if no candidate,character is a correct
character; (6) providing the additional stroke(s) to the incremental character
recognizer, which produces an updated hypothesis list; (7) displaying the updated
hypothesis list of candidate characters containing every stroke; (8) selecting a correct
character from among the candidate characters on the updated hypothesis list if it a
correct character appears thereon; and.(8) repeating steps (5) through (8) until a

correct character is selected from the updated hypothesis list.
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