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METHOD FOR RECOGNIZ[NG HANDWRI’I'IEN INPUT
erld Of The Invention

- This mvenuon relates generally to handwntmg
5 recognmon, and more particularly to recogmtlon of individual
~ words.

_.Background of the Invention

10 Machine recognition of human handwriting is a very
 difficult problem, and with the recent. explosion of pen-based
computing devices, has become an important problem to be
addressed. = Machine recognition of human handwntmg has

various present applications. :

15 One example of the current apphcatxon for machine
recognition of human handwriting is found in personal digital
assistants, such as the EO and Newton products. Typically these
type of products have a touch sensitive screen upon which a

_ user can impose handwriting. These devices then function to

20  digitize the handwritten input, such as alphanumeric input, and
thereafter process the input in an attempt to recosnize the
information content of the handwriting.

Pursuant to one prior art handwriting recognition
technique, one makes a best determination as to the identity of

25 each alphanumeric character in sequence, with the resulting

- string of characters comprising the result of the recognition
activity. There are a variety of drawbacks to this approach. It

- is hindered by the difficulty of identifying spatial boundaries of
the candidate inputs (in- this case alphanumeric  characters to be

30 recognized. When these boundaries are not located correctly, it
is impossible to recognize the character accurately, since it will

- either be lacking pieces or w111 incorporate extraneous matenal
from adjacent characters. - :
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One significant problem with machine recognition of
human handwriting is the ability to recognize the end of one
input and the beginning of the next input. For example, a
significant problem exists in locating the end of one

5 handwritten input segment, word, or ‘alphanumeric input, from
"~ the beginning of the subsequent handwritten input segment,
word, or alphanumeric input. Poor recognition ‘of such breaks
in the handwritten input results in poor, inaccurate
interpretation of the information content of the handwritten
10 input. ' _

Accordingly, a need exists for a handwriting recognition ¢
technique that can detect the end of a first handwritten input
segment from the beginning of a second handwritten input
segment. in the handwritten input and thereby provide a more

15 accurate interpretation of the information content of the
handwritten input.

Brief Description of the Drawings

20 FIG. 1 Illustrates a flow diagram of operation in
accordance with a preferred embodiment of the present
invention. '

FIG. 2 Illustrates a graphical view:of an illustrative
display in accordance with a preferred embodiment of the

25 present invention. :

FIG. 3 Illustrates a graphical view of an illustrative
display in accordance with a preferred embodiment of the
present invention. :

FIG. 4 Illustrates a graphical view of an illustrative

30 display in accordance with an alternative preferred
embodiment of the invention.

FIG. 5 Illustrates a graphical view of an illustrative
display in accordance with a preferred embodlment of the
present invention.

35



“identi fyi ngvepibesof the plurality of distances has a smal |msiussahsire and
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.continuous segnents bel ong to separate handwitten character inputs. 2.
"The nethod of claim 1, wherein the step of using.the parallel distance to
deternmine whether the fi rst and second digcrete continuous segments bel ong
to separate handwitten

' Detalled Descnptlon of the Preferred Embodiments

Typically, handwritten character input is _collected from
the user in the form of discrete continuous segments. A
5  discrete continuous segment consists of one or more pen
strokes, where a pen stroke is the mark left by a pen during its
period of contact with an input _device such as a digitizing
tablet or paper. A stroke is represented as a sequence of
points ‘sampled at"approx_imatel-y regular intervals by the input
10 device. Each point is described at minimum by an X coordinate
and a Y coordinate. Strokes may be captured electronically
‘using a digitizing tablet, or in an alternative embodiment may
be derived from a scanned or faxed image through a process of
line detection in the u_nage, such methods of capturing input
15 -electronically are understood in the art. -
Generally, the present invention as disclosed determines
whether two discrete continuous segments form part of the
same “handwritten character input or part of more than one
" handwritten character input. In the present invention one or
20 more discrete continuous segments are the units of
handwritten input being recognized. Handwritten input is
input which is captured electronically that includes but is not
limited to the following: handwritten input; electronic input;
input captured through pressure, such as stamped input; input
25 that is received electronically, such as via facsimile, pager, or
~ other device. For example - the present invention determines
whether two discrete continuous segments form part of the
same word or whether they form part of separate words. In a
preferred method, the present invention calculates one or more
30 substantially parallel ‘distances disposed substantially parallel
to the writing axis, and compares these distances to one or
more predefined thresholds. The predefined thresholds
specify minimum distance '_measures which must be exceeded
by the substantially parallel distances for the discrete
35 continuous segments to be judged as ‘belonging to separate
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handwritten input, for example sepai'ate handwritten words.
The writing axis is the line along which the handwritten input

 is added. The writing direction is the direction in which each

subsequent handwritten input is added In English,

handwritten input is added typically along a horizontal writing
axis with each subsequent alphanumeric input following
honzontally after the previous input in a writing direction that
is left to right. Various other writing axis and writing
directions alternatives are possible with implementation of the
teachings of the present invention.

In a preferred embodiment, the handwntmg axis is horizontal
and the handwritten input forms a series of words. In this
preferred embodiment, the substantially - parallel distances are
calculated horizontally, and the output tells whether discrete
continuous segments belong to separate words. In an
alternative preferred embodiment, the handwriting axis is
horizontal and the handwritten input forms a series of separate
characters, which may be alphanumeric characters, ideographic
characters as found in languages such as Chinese, or other
forms of characters or symbols of written communications. In
this alternative embodiment, the output tells whether the

discrete continuous segments belohg'_ to separate characters. In

another preferred embodiment, the handwriting axis is vertical
and the handwritten input forms a series of separate
characters, which may be alphanumeric characters, ideographic
characters, or other handwritten text. In this preferred
embodiment, the writing axis is vertical and the substantially
parallel distances are aligned vertically; the output tells
whether the discrete continuous segments belong to separate
characters. In yet another preferred embodiment, the
handwriting axis is vertical and the handwritten input forms a
series of separate words, alphanumenc input, or other
handwritten input, such as a vertical list. of words, or numbers.
In this preferred embodiment, the writing axis is vertical ‘and
the substantially parallel distances are aligned vertically; the
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output tells whether the discrete continiious segments belong
to separate handwritten input, such as separate words. As
disclosed above and as will be drscussed further, the present
_ invention demonstrates through the disclosure of several of the
5 preferred embodiments that the writing axis may exist at any
angle and the handwritten input may be interpreted more
~ generally as correspbndihg to discrete elements (including but
not limited to characters and words) containing. one or more
discrete continuous segments. The application of the methods
10 described herein to. any of various preferred embodiments
requires only a change in the coordmate system used and such
" modifications can be made in accordance with the teachmgs
presented
Referring now to FIG. 1 a preferred method of the
15 present invention is illustrated. The present invention is
applicable to one or ‘more handwritten inputs of discrete
continuous segments. The preferred embodiments of the
present invention, are _appl_icable' to two or more handwritten
“inputs of discrete continuous segments. = The use of only two
20  discrete c'ontinuo'us Segments S1 and 82 is for illustrative
purposes. In the preferred method illustrated in FIG. 1,
handwritten input consisting of two- discrete continuous
segments S; and Sz (110) is aecepted by a device, such as a
PDA, or other device. Other devices which function to receive
25 handwritten input include but are not limited to the following:
computers, modems, pagers, telephones, digital or interactive
or other televisions, devices having a digitizing tablet, facsimile
‘devices, scanning -de_\'/_ices, and any device with the ability to
capture handwritten input. Preferably, upon acceptance of the
30 handwritten input the substantially' perpendicular boundaries
b; and b, between the discrete 'con:inuous segments S; and S,
are identified (120). The boundaries b] and b2 which are
substantially perpendicular to the writing axis are determined
by finding the point in the stroke sequence S; that has the
35 largest displacement along the writing direction and the point
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in the stroke sequence Sy that has the smallest displacement
along the writing direction (120). The substantially _
perpendicular boundary b; is the displacement values of the
point in the stroke sequence S; that has the 'la'rges_t
5 displacement along the writing direction. The substantially
perpendicular boundary b; is the dlsplacement values of the
point in the stroke sequence S, that has the smallest
displacement along the writing direction. By calculating the
displacement in the writing direction of each point in S; in turn
10 and comparing. that value to a stored value that is initially a
very large negative numbér_, the substaﬁtially perpendicular (
boundary bj that has the largest displacement along the
writing direction can be determined. If the calculated
displacement value is larger than the stored value, the stored
15 value is replaced with the calculated dxsplacement value. Once
all the points have been examined, the stored value will
contain the value of the largest displacement value found in
the stroke sequence. A similar procedure, starting with a large
positive initializing value, can be used to discover the point in
20 S, that has the smallest displacement along the writing
direction by calculating the displacement' in the writing
direction of each point in S; in turn and comparing that value
to a stored value that is initially a very large positive number.
If the calculated displacement value is less than the stored
25 value, the stored value is replaced with the calculated
displacement value. The preferred method then calculates a
first substantially parallel distance d’, where d’ = by - b; (130).
Referring to FIG. 1, the first substantially parallel
distance d' is compared to a first predetermined threshold t'.
30 If d'is greater than or equal to (>=) t' the preferred method
concludes that the first continuous discrete segment S1 and the
second continuous discrete segment S2 belong to different
segments of handwritten input (145). By way of example if d'
is greater than (>) t' the preferred method concludes S1 and S2
35 are different words, characters, or other elements of
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handwritten input. The selection of a predetermined threshold
t' is a value made in accordance with the specific embodiment.
Choice of a threshold t' will be discussed in further detail

. elsewhere. .

5 If the value of d' is smaller, or less than, the threshold value t'
further processing occurs. To determine if the discrete
continuous segments S1 and S2 form separate discrete
continuous 'segments of handwritten input, such as separate
words, characters, or other elements, a second substantially

10 parallel distance d" is calculated. The second substantially
| parallel distance d" is found by calculating several
substantially parallel distances and ehobsing the shortest of
those distances. In a preferred embodiment, this is done by
first calculating the maximum extent perpendicular to the
15 wntmg axis subtended by S1 and S2 together (150). The
- extent is then divided into a number of bands of equal height
substantially parallel to the writing axis (160). The
' substantrally parallel distance between S1 and S2 for each
band (170) is then found. . The smallest or shortest
20 - substantially parallel distance between S1 and S2 from among
the plurality of bands is selected as d" (180). In the preferred
method represented in FIG 1, once the substantially horizontal
distance d" is found, the distance d" and the first substantially
horizontal distance d' are combined to aid in making a final
25 decision that Si and S2 are part of the same handwritten input
" or are parts of separate discrete continuous segments' of
handwritten input. A weighted average of d' and d" is
calculated. A preferred weighted average equation is q’d’
q"d"/(q’ + q”). It has been found by empirical tests on actual
30 handwriting data that a werghted average of d’ and d” is more
accurate than either alone. In one preferred embodiment, q' =
q”, but it may be possible to optimize this further by a
judicious choice of q’ and q” which are not identical.
. Additionally, q' and q" can each be equal to zero, but not at the
35 same time.
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The weighted average is compared against a second threshold
t". If the weighted average is less than or smaller than t" the
preferred method concludes that S1 and Sz are part of the
same segment of handwritten input (197). If the weighted
average is larger than or equal to t" the preferred method
concludes that S1 and S2 are different continuous discrete
segments of handwritten mput and the preferred method
concludes with that result (199).

The preferred method of selecting t' and t" is a detail of
the specific embodiment. In one embodiment, t' may be set by
measuring the value of d' across a large set of data and
choosing the value that best disﬁnguishes real dividing points
from false choices. In another preferred embodiment, t' may
be set to a constant value that corresponds to some fraction of
the distance between input guides on the input device. In
another preferred embodiment, t' may vary dynamically as a
fraction of the measured extent of S1 and S2 perpendicular to
the writing axis. In another embodiment, t' may be set
explicitly by the user before the method is _invoked; In the
preferred embodiment illustrated, t' is set to be 1/3 of the
measured extent of S; and S2 perpendicular to the writing
axis, which gives a good result for English, alphanumeric text.
Many other ways of setting t' may be considered and' may be
optimal for different solutions. The various ways of
determining t" in different embodiments are similar to those
described for determining t'.

In FIG. 2, a graphical representation is given, for a

* preferred embodiment. In this embodiment, the discrete

continuous segments, S; (210) and S; (220), correspond to
English words, the writing axis (230) is horizontal, and the
writing direction (270) is left to right. In this preferred
embodiment, the displacement along the writing direction for
any point is simply the value of the X coordinate for that point,
so the substantially perpendicular boundary b; (240) is the
value of the X coordinate of the rightmost point in S; (210)
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and the substantially perpendicular boundary bz (250) is the
value of the X coordinate of the leftmost point in S; (220). The
substantially parallel distance d' (260) 1s the distance

‘extending between by and ba.

Alternatively, as illustrated in FIG. 3 the discrete

-continuous segments S3 (310) and Sz (320) correspond to

Chinese characters, the  writing axis (330) is vertical, and the

- writing direction (370) is top to bottom. In this embodiment,

the displacement along the writing direction (370) for any
point is simply the value of the Y coordinate for that point

‘multiplied by -1 (assuming a standard coordinate system in

which Y increases as one moves from bottom to top), so the
substantially perpendicular boundary b; (340) is the value of
the Y coordinate times -1 of the bottommost point in S; (310)
and the substantially perpendicular boundary b; (350) is the
value of the Y coordinate times —1 of the topmost point in S,

(320).
. In other embodiments, the values for b; and bz can be

calculated by applying a simple geometric rotation of ‘the
handwritten input to line up the writing axis with one of the
cardinal axes of the coordinate system, and then applying the

- procedure just described.  This is a straightforward operation

that will be understood by persons in conjunction with the
teachings presented here. Alternatively, other embodiments
may calculate the displacements of the points along the writing
direction, when the writing direction does not line up with one
of the cardinal axes of the coordinate system, by a simple

-geometric projection of the discrete continuous segments onto
~ the writing axis and then using trigonometry to calculate the

displacement of the projected points from the origin of the
coordinate system. This is a well-understood mathematical
procedure that can be applied to the teachings herein.

- As stated previously, if d’ is smaller than t’, the
processing continues. In many cases, segments that do in fact

-belong to separate words or characters are positioned in such a
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way that d’ is small or even negative, but it is still possible to
determine that S; and S; belong to different words or -
characters. FIG. 4 shows an example of this situation for an
embodiment in which S; (410) and S; (420) are English words.
5 In this example, d’ (460) is actually negative, and b; (440) is
~ larger than by (450). In this example, the writing axis (430) is
horizontal and the writing direction (470) is left to right.

In one embodiment in which the writing axis is
horizontal, the maximum extent perpendicular to the writing

10 axis subtended by S; and S, is calculated by.finding the
minimum and maximum Y coordinate values present in S; and "
Sz . To find the minimum Y coordinate value, a stored value is
initialized with a very large positive value, and then every
point in S; and S; is examined in turn, and if its Y coordinate

15 value is smaller than the stored value, the stored value is
assigned that Y coordinate value. A similar method is used to
find the maximum Y coordinate value. . By subtracting the
maximum and minimum Y coordinate values, the extent
perpendicular to the writing axis can be calculated. All points

20 in §; and S; lie within this extent. .

In a preferred embodiment, this process can be made
more efficient by considering only a subset of the points in S;
and Sz such that only a fixed number of points near the
boundary in question are considered , since these are the ones

25 most likely to affect the measure being derived.

In an alternative embodiment, in which the writing axis
is vertical, the maximum extent perpendicular to the writing
axis subtended by S; and S, is calculated. by finding the
minimum and maximum X coordinate values present in S; and

30 S, . To find the minimum X coordinate value, a stored value is
initialized with a very large positive value, and then every
point in S; and S; is examined in turn, and if its X coordinate
value is smaller than the stored value, the stored value is
assigned that X coordinate value. A similar method is used to

35 find the maximum X coordinate value. By subtracting the
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the di stance to a first predeterm ned threshold; determ ning

first and second continuous*segnments are seperate-handwitten inputs when
the distance is greater than the first predetermnned threshold; separating
each of the first and second-continuous seglm%nts into a .

maximum and minimum X' coordinate ﬁ_ihes, the extent
" perpendicular to the writing axis can be calculated.
In an alternative: embodiment, where the writing axis is
neither horizontal nor vertical, ‘the image -plane can be rotated
5 to align the writing:axis with the X or Y axis of the coordinate
system, as described above in the calculatmn of the
substantially parallel dxstance d’ when the writing axis was
neither horizontal nor vertical. o
Once the extent perpendlcular to the writing axis has
10 been found, a preferred embodiment divides this extent into
bands substantlally parallel to the writing axis, such that each
band describes a narrow slice through S; and S;. Within each
band, the point in S; with the largest displacement in the
_ | writing direction is found, and the point in S; with the smallest
15 displacement in the writing direction is found. This can be
done efficiently with respect to S3 by initializing a stored value
for each band to a very large negative number. Each point in
S is checked in turn.  First, its displacement perpendicular to
the writing axis is checked to see which band it lies in. Since
20 the bands span the entire extent of S; and S perpendlcular to
the writing axis, it is guaranteed that a band can be found for
any point in S; and S;. If the pfeferred embodiment described
above for calculating the perpendicular extent by considering
' only a subset of points in S; and S;, the perpendicular extent
25 may not contain all points in S; and Sz, and so each point must
‘be checked to ensure that it lies thhm a band. If it does not, it
~is not considered further. Once the band is identified, the
| displacement of the point in the writing direction is compared
to the stored value for that band, and if the displacement is
30 larger, it is assigned to the stored value. Once all of the points
~ in S; have been checked in this way, the stored value in each
~ band will contain the largest displacement of the point with the
largest displacement encountered in that band in S;. If there
~ were no points in S; lying within a given band, the stored
35 value will remain as the very large negative initializing value.
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A similar procedure, using a second stored value in each band
initialized to a large positive number, is used with respect to Sz
to find the minimum displacement of the point with the
minimum displacement in the writing direction within each
5 band in S;. If there are no points for a given band in S,, the
second stored value for that band remains at its large
initialized value.
At the end of this operation, for each band there are two
stored values corresponding to the largest dlsplacement in the
10 writing direction of S; in the band and the smallest
displacement in the writing direction of S, in the band. If ‘
either stored value has not changed from its very large
negative or positive initializing value, then the information for
that band is not used in any further calculations. Otherwise, a
15 distance is calculated for each band by subtracting the stored
value for the displacement of the point in S; from the stored
value for the displacement of the point in S;. The smallest of
these distances is found by examining the distance for each
band in turn and storing the smallest one found. This smallest
20  distance is the substantially horizontal distance d”. If d” is less
than 0, which can occur if S; and Sz touch or overlap, it is
ass1gned the value 0. :
One embodiment in which the wntmg axis is horizontal
and the writing direction is left to right is shown in FIG. 5. In
25 this embodiment, the number of bands (510) is 10. The
rightmost point of S; lying within each band is found (520) and
the leftmost point of S, lying within that band is also found
(530). This is done with respect to Sy by initializing a stored
value for each band to a very large negative number. Each
30 point in S; is checked in turn. First, its Y coordinate is checked
to see which band it lies in. Since the bands span the entire
height, extent (540) of S; and S,, it is guaranteed that a band
can be found for any point in S; and S;. Once the band is
identified, the X coordinate of the point is compared to the
35 stored value for that band, and if the X coordinate is larger, it
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is assigned to the stored value. Once all of the points in S;
have been checked in this way, the stored value in each band
will contain the X coordinate of the rightmost point

encountered in that band in S;. If there were no points in S,

lying within a given band, the stored value will remain as the
very large negative initializing value. A similar procedure with
respect to Sz, using a second stored value in each band
initialized to a large positive number, is used to find the X
coordinate of the leftmost point in each band in S,.

As described previously, the value of d" is computed
from the stored locations for each band. The smallest, or .
shortest, substantially parallel distance between Sj; and Sz
from amount the plurality of bands is selected as d". The
distance d" is then combined with d' via a weighted average
and compared to t". Upon comparison with t" the method of
the present invention concludes whether the discrete |
continuous segments S1 and Sz belong to the same handwritten
input or separate handwritten inputs.

It will be apparent to those skilled in the art that the
disclosed invention may be modified in numerous ways and
may assume many embodiments other than the preferred
forms particularly set out and described above. Accordingly, it
is intended by the appended claims to cover all modifications
of the invention that fall within that fall within the true spirit
and scope of the invention and its equivalents.

I Claim:

to
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is assigned to the stored value._ Once all of the points in S;
have been checked in this way, the stored value in each band

will contain the X coordinate of the rightmost

point

. .encountered in that band in S;. If there were no points in S;

5 lying within a given band, the stored value will remain as the
very large negative initializing value. A similar procedure with
respect to S, using a second stored value in each band
initialized to a large positive number, is used to find the X

* coordinate of the leftmost point in each band in S,.
10 As described previously, the value of d" is computed
from the stored locations for each band. The smallest, or
shortest, substantially parallel distance between S and S
as d". The
distance d" is then combined with d' via a weighted average
15 and compared to t". Upon comparison with t" the method of

from amount the plurality of bands is selected

the present invention concludes whether the

discrete

continuous segments Sj and Sz belong to the same handwritten

input or separate handwritten inputs.

It will be apparent to those skilled in the art that the
20 disclosed invention may be modified in numerous ways and
may assume many embodiments other than the preferred

forms particularly set out and described above.

Accordingly, it

is intended by the appended claims to cover all modifications
of the invention that fall within that fall within the true spirit
25 and scope of the invention and its equivalents.

I Claim:
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1. A method comprising the steps of:
receiving handwritten character input which handwritten
character input is comprised of at least a first and a second
. discrete continuous segment; !
5 calculating at least on substantially parallel d1stance
between the first and second discrete continuous segments;
using the substantially parallel distance to determine
whether the first and second discrete continuous segments belong
to separate handwritten character input.

This She
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2, The method of claim 1 wherem at' least one of the followimng:
a) the step of calculating at least one substantially parallel

distance includes the step of calculating a plurality of

substantially parallel . distances betweet_x the first and second

discrete continuous segments and,

where further selected the step of calculatmg a plurality of
substantxally parallel distances further includes the step of
identifying the substanually parallel dlstanee havmg smallest
value and,

where further selected the step of using the parallel
distance to determine Whether the first and second discrete

continuous segments belong to separate handwritten inputs

includes the step of using the substantially parallel distance
having the smallest value to determine whether the first and
second discrete continuous segments belong to separate
handwritten inputs;
b) further including the steps of: ‘
identifying a substantially perpendicular boundary for each

~of the first and second discrete continuous segments;

calculanng a distance between the substantially
perpendicular boundary for the fn'st and 'second discrete
continuous segments and,

where further selected the step of using the parallel
distance to determine whether the first and second discrete
continuous segments belong to separate ‘handwritten inputs
includes the step of also using the distance between the
substantially  perpendicular boundary for the first and second
discrete continuous segments to determine whether the first and
second discrete continuous segments ‘belong to separate

" handwritten - inputs.
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perpendi cular to the witing axis. 7. A nethod according to claim®6

wher ei n tyhgossu0ks ons are of equal breadth in a direction marosossss! ar to
the witing axis. '

Y6 | R

3. A method comprising the steps of:

' receiving handwritten input, whlch handwritten input is
comprised of at least a first and a second discrete continuous
segment; '

5 identifying a substantlally perpendlcular boundary for each
of the first and second discrete continuous segments;
calculating a first distance between the substantially
perpendicular boundary for the first and second discrete
continuous segments;

10 when the first distance does not at least exceed the first
predetermined threshold, calcula_mng at least one substantially
parallel distance between the first and sécon_d_ discrete continuous
segments; |

using the first distance and the substantially parallel

15 distance to determine whether the first and second discrete

continnous segments belong to separate handwritten inputs.

4. The method of claim 3, wherein the step of using the first
‘distance and the substantially parallel dxstance to determine

20 whether the first and second discrete continuous segments belong
to separate handwritten inputs includes the step of adding a
weighted first distance and a weighted substantially parallel
distance together to obtain a result and dividing the result by two
to obtain a final result, and comparihg' the final result with a

25 second predetermined threshold.

S. The method of claim 4, wherem at least one of the
following:
a) the first and second predetermined thresholds are
30 identical to one another;
b) the first and second predetermined thresholds are
different from one another;, |
c) a weighting factor, as applied to both the first distance
and the substantially parallel distance to obtain the weighted first
35 distance and the weighted substantially parallel distance,

-—
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conpri si ng t W@ 2 é’t’%%g of : processing first and second di scret SCE’Hﬁ?sloﬁﬁ‘{?us

segnents represent [ ng : —_—
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respectively, is one, such that the ﬁrst dlstance is equal to the
weighted first distance and the substantially parallel distance is
- equal to the welghted substantlally parallel distance.

5 6. '_I‘he x_nethod of_ clai_m 3, wherein the step of calculating a
first distance between the substantially perpendicular boundary
for the first and second discrete continuous segments includes the
steps of: ! '

when the substantlally parallel distance is positive in value,
10 using the substantially parallel distance as the substantially
parallel dlstance,
when the substanhally parallel distance is negative in
~ value, using a predetermined value as the substantially parallel
. . distance and; = . - _
15  where further selected .the predetermined value is zero.

7.  The method of claim 3, wherein the step of calculating at

least one Substantially parallel distance includes the step of

calculating a plurahty of substantially parallel distances between
20 the first and second discrete continuous segments.

8.  The method of claim 7, wherein the step of calculating a
plurality of substantially parallel distances further includes the
“step of identifying the substantially parallel distance having a
25 smallest value and; :
| where further selected the step of using the first distance
and the substantially parallel distance to determine whether the
first and second discrete continuous segments belong to separate
S handwritte_n inputs includes the step of using the substantially
30 parallel distance having the smallest value and the first distance
to determine whether the first and second discrete continuous
segments belong to separate handwritten inputs.
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handwitten i nput entered along a witing axis to identify a first

boundary fwarestsbessfirst discrrete continuous segnment and arewmussgsdoundary
for the second discrete coutinuous segnent, the first boundary representingf
a greatest displacnment of the first discrete con

reference and the second boundary representing a | of t he
second di screte ‘continuous segnent fromgge ref erelmlmi'ﬂnlﬂ“ﬂm'
9. A method comprising the steps of:
receiving handwritten input, which handwntten mput is
comprised of at least a first and a second discrete continuous
segment that are disposed substantially parallel to a writing axis;
5 identifying a boundary that is perpendicular to the writing
axis for each of the first and second discrete continuous segments;
calculating a first distance between the boundary for the
first and second discrete continuous segments;
when the first distance at least exceeds a first
10 predetermined threshold, concluding that the first and second
discrete continuous segments belong to separate handwritten (
inputs; '
when the first distance does not at least exceed the first
predetermined threshold, calculating at least one substantially
15 perpendicular distance between the first and second discrete
continuous segments, which substantially perpendicular distance
is substantially perpendicular to the writing axis;
using the first distance and the substantially parallel

distance to determine whether the first and second discrete
20 continuous segments belong to separate handwritten inputs.

10. A method of determining that two discrete continuous
segments belong to separate handwntten inputs, comprising the
steps of:

25 receiving handwntten input, which handwritten input is
comprised of at least a first and a second discrete continuous
segment;

identifying a substantially perpendicular boundary for each
of the first and second discrete continuous segments, which

30 substantially perpendicular boundaries are those boundaries that
are most adjacent to one another; |

calculating a separation distance between the substantially
perpendicular boundary for the first and second discrete
continuous segments;
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~cal cul ati ngw@ okhgegé di-Stance between the first and second bp@ﬂggs)é.mbhe
first distance being substantially parallel to the witing axis

determning that the first and second discrete continuous se men
represent a separate handwitten character when thmmmllumﬁu Hﬂ‘exceeds
a first threshold;. determ ning a second di§t ance stance

does not at | east exceed t he

when the’ separatlon distance at least’ exceeds a first
predetermined threshold, concluding that the first and second
discrete continuous segments belong to separate handwritten
. inputs; :

5 when the separation distance does not at least exceed the
first predetermined threshold, calculating a plurality of
substantially parallel separation distances between portions of

~ the first and second discrete continuous segments;
using the separation distance and a smallest one of the

10 substantially parallel separation distances to determine whether
~the first and second discrete continuous segments belong to
separate handwritten inputs.
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conprised o t afirst and a second discrete continu n _
posi t-i oned .a %‘%56:{025’53“ ting axis; defing a first and a secon%&ﬁ%ﬁ%&vﬂ ch
are substantially perpendicular to the witing axis; calculating he first
boundary by finding the point in the first discrete continuous
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110 | ACCEPT HANDWRITTEN INPUT
~ CONSISTING OF DISCRETE
CONTINUOUS SEGMENTS
Sy AND S,

120\ IDENTIFY BOUNDRIES
PERPENDICULAR TO WRITING
AXIS by AND by -

130~] CALCULATE FIRST DISTANCE
'=by=by
CONCLUDE S, AND S,
@2t SEPARATE WORDS
1~ STOP
NO

’50\ CALCULATE TOTAL EXTENT
SUBTENDED BY S, AND S,

160~  DIVIDE s; AND S, INTO
BANDS OF EQUAL HEIGHT

170 FOR EACH BAND FIND
~N RIGHTMOST POINT POINT
OF Sy AND LEFTMOST

POINT OF S,

FIG.1

180 FIND SMALLEST DISTANCE
"\ AMONG THE BANDS EXTENDING
BETWEEN S; AND S,=d"

190~ CALCULATE
dw=qidl+qndn/(qa+qu)

199

CONCLUDE S, AND S,

SEPARATE WORDS
STOP

195

COMPARE
dws t”

CONCLUDE S; AND S,
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segnent thath%lI‘nb | argest displacement froma reference pRtRisospsang the
wri'ting axis; ca ating the second boundary by finding the point in the
second di screte continuous segnent that has the small est displacenent from
the reference point along the determ ning that the |argest displacenent of
the point in the first discrete contin ;/ Fpgment is greater than the
smal | est di splacenment of the point in the“econd discrete

-
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360 370
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tonti nuous gﬁ?ﬂﬁﬁ . cal culating.a negative value by subtract] t he

smal I-est di sp ace%%nt of the point of the second discrete cgﬁﬂﬁﬁﬁgﬁgm
segnent fromthe |argest displacenent of the point of the first discrete
continuous segnent; and using the negative value to determ ne whether the

first and second discrete
| 3/3
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1. A method comprising the steps of:
recciving handwnttenchnractermpnt.whxchhandwntmchamctermpm:s
cmnpmedofatleastaﬁrstandnuconddlsctemconunuousscgmmt.
calculating at least one distance between the first and second discrete
contimuous segments, the distance being substantially parallel to a writing axis of the first
andseoonddinetecmnnuwssegmenumclndmgthempsor
calculnhngaplumhtyofdxstameabetweenﬂweﬁutmdmmddwcrew
amﬁnuousiegmcn&mewbsMhuﬁyp&ﬂkltoﬂwwnﬁngansofﬂwﬁmandsecmd
 identifying which of the plurality of distances has a smallest valuc; and
using the distance to determinc Whether the first and second discrete
conﬁmmsegmcntshelonglosepmmndwﬁttencﬁminpuu. |

2. 'Themethod of claim 1, wherein the step of using the parallel distance to determine
whether the first and sccond discrete continuous segments belong to separatc handwritten
inputs includes the step of determining whether the first and sccond discrete contimious
segments belang 0 separate hundwritten inputs based upon the smailest valuc of the plurality
of distances. |




REPLACEMENT SHEET

- “!““l\“‘\l “‘l\\\“! “ “*‘\ | - E,_ ACEMENT SHEET

. 29 JuL 19%

------------------------------

eyl |

3.  Amethod comprising the steps of:
_ receiving handwritten character input, which handwritten character input is
emnprisedofatlcastaﬁrstandaseconddnmconunuuussegtmnn
calaﬂahngatleastmedxstaneebetwemﬂiefrstandseeonddmmc |
conumomsegnmts.ﬂladxsmbemgsubstanﬂallypmllelmawunngaxxsoﬂhcﬁmt “
and second discrete continuous segments;
identifying a boundary for each of the first and second discrete continuous
segments, which bwhdmyforcachofﬂw first and second discrete continuous scgments is
substantially perpendicular o the writing axis;
Mmadismbamdwbwndmmfc&ﬁntm\dmddmte
conhmoussegmams,and
usmgthedutancebetwemﬂnboundamsfaﬂnﬁmtandsecmdxmte
mumwmbdﬂanmwbﬁerdmﬁmmwamwmmugmem
belongtosepmhmdwnmm mputs _
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4. A method comprising the sleps of:
recciving handwritten input comprising first and sccond continuous segments,
the handwritien input having a first axis defined along a dircction of writing of the handwritten

input;
determining a boundary for each of the first and second continuous segments,
the boundary for each of the first and second continnous scgments being defined along 2
secmdampexpendiculartothefirstnmtlnoughapomtalongthef’mtamforeachofthc
fmmmmwummmmmmofmeoﬂmofmeﬁmaudmw
continuous segments; _ .
calculating a distancs pardllel to the fist axis between the boundaries; and
deteemining from the distance whether the first and second continuous®
segments ars separat hundwritten inputs, including the stops of: |
comparingtﬁcdimﬁaﬁ:npredemiﬁedﬂmslmld; .
dﬂmhhgﬂwﬂnﬁmmwmﬁmmsegxmmm
handwritten inputs when the distance is greater than the first predetermined threshold;
sepmﬁtngeachofdnﬂmtandsemcmﬁnuoussemntsinwa
phnﬂuyofsecumwhmmedmmmexsnotmmrﬂmﬂnfmpmhwmhmdﬂmshold.
analymngeachoftheplurahtyofachonstodﬂunnncwhwhofﬂ:e
plurality of sections has a portion of each of the first and second continuous segments;
for each of tho plurality of scctions where the portion of each of the first
and second contintious segments has been found, culculating » segment distance betwoen the
portions of the first and second continuous segments that are nearest to each othes; and
determining from the distunce and the segment distance whether the first
andsecondemunuousumnuaresepuatehmdwrmenmt.
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5. A method according to claim 4 whercin the siep of delermining from the distance and
(he scction distance whether at Icast first and second continuous scgment are scparute
handwritten input comprises the steps oft
calculating a weighted average of the distance und the segmont distance;
cmmaﬁngtheweiglamdavmgewasécbndpwdcminedthmhold:
determining that the at least first and second continuous segment are separate
handwrittcn input if the weighted average is greater than the second predetermined threshold; -
and o
dewmﬁningthaltheatlustﬁmtandaecondconﬁnuoussegmntmnot
" separate handwritten input if the weighted average is not greatcr thun the second predetermined
threshold. .

6. A method according to claim 4 wherein the sections are distributed in a divection
perpendicular to the writing axis. '

7. A method according to claim 6 wherein the sections are of equal breudth in a dircction
perpendicular to the writing axis. |
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8. Amethod, comprising tho sisps of: pate -.. 2.8, UL, 1088

processing first and second discrete continuous segmeats represcating
| mwﬁminpmmmalongawﬁﬁngaxismdaﬁfyaﬁmmumfomeﬁmmm
continuous segment and a second boundary for the second discrete continuous segment, the (irst
boundary representing a greatest displacement of the ﬁrstdisc:bteconﬁnuous segment from a
reference and the sccond boundary ropresenting a least displacernent of the second discrete
contintous segment from the reference; '

calculating a first distance between the first and second boundary, the first
distance being substantially paralie] to the writing wxis; | -
 detormining that the first and second discretc continuous ssgments represeat a
separate handwritten character when tho first distance exceeds a first threshold;
determining u second distance when the first distance does not at least exceed the
firs threshoid, the sccond distance being substantiaily parallel o the writing uxis and selcoted us
a minimum distance from a plurality of distances betweei lefi-most points of the first discrote
' continuous sogment and right-most points of the second discrete continuons segment in a like
plurality of bandsbung substuntially parallel to the writing axis; and .
determining that the first and second discrete continuous segments represcnt a
sapamtchmdwﬁﬂmchmwhchmemuidimmeexmdsamoﬁdthmhold.
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9.  Amethod comprising the sicps of; Sate .. 2.9 JUL.. 9%
receiving handwritton character input, which handwr character input is
comprised of at least a first and a second discrete continuous segment positioned along a

writing axis; .
defining a first and a second boundary which are substantially perpendicular to
the writing axis;
| mlmmgmeﬁmbwndmybymmmmmmrmdmmmm |
segment that has the largest dnsphwcment from a reference point along the writing axis;
calculating the second boundary by finding the point in the second discretc
continuous scgment that has the smallest displacement from the reference point along the

| determining that the argest displaccment of the point i the first discrets
cmﬁmmssegmemnmmmﬂsmﬂlestdlsplmmémofﬂwpoimmmmm |
continuous segment;
calculating a negutive valmbymbtrmgﬂnmalkstdlsplmemtoflhcpom
of the second discrete continuous segment from the largest displaccment of the point of the first
.'ducmeconnnumssegncm.and | |
umgthnmgaﬂvevaluemdcmmewheﬁuthcﬁmandsecmdducm:
cmmmwssegmubdmgmwpmmhandwnmmpuu '
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