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SYSTEMS AND METHODS FOR
HANDWRITTEN DIGITAL PEN LEXICAL
INFERENCE

RELATED APPLICATION

This application claims the benefit under 35 U.S.C. § 119
(e) of U.S. Provisional Application No. 60/799,671, filed May
12, 2006, which is hereby incorporated by reference herein in
its entirety.

TECHNICAL FIELD

This disclosure relates to electronically filling out a paper
form using a digital pen. More specifically, this disclosure
relates to recognizing characters written with a digital pen on
a paper form using dynamically created lexical inferences
associated with particular form fields.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the dis-
closure are described, including various embodiments of the
disclosure with reference to the figures, in which:

FIG. 1 is a block diagram of an example system for pro-
cessing data received from a digital pen according to one
embodiment;

FIG. 2 is a block diagram of a data structure for a stroke
collection file according to one embodiment;

FIG. 3 is a block diagram according to one embodiment of
a web server usable by the system shown in FIG. 1 for defin-
ing a form field, processing data received from a digital pen,
and recognizing handwriting in the form field written using
the digital pen;

FIG. 4 is a block diagram of a data structure for an example
form field table according to one embodiment;

FIG. 5 is a block diagram of a data structure for example
inference types that may be selected by a user defining a form
field according to one embodiment;

FIG. 6 is a flowchart of a process for defining a field on a
paper form for contextualized lexical inference according to
one embodiment;

FIG. 7 is a flowchart of a process for recognizing digital
pen strokes written on a paper form using dynamic lexical
inference according to one embodiment; and

FIG. 8 graphically illustrates an example parking ticket
with various fields where users may write characters (e.g.,
letters and/or numbers) for subsequent character recognition
according to one embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

A user may write on a paper form using a digital pen that
both marks the form and electronically records the marks in
relation to various form fields. Thus, user selections made
using the paper form and the digital pen may be automatically
determined and an electronic image of the paper form may be
generated that includes the user’s marks. Digital pens usable
with the disclosure herein include, for example, a digital pen
available from Anoto AB of Stockholm, Sweden (also
referred to herein as an “Anoto-type” pen), a digital pen
available from Hitachi Maxell Ltd. of Tokyo, Japan, or a
digital pen available from Logitech Inc. of Freemont, Calif.,
USA.

In one embodiment, a user may write characters such as
numbers, letters or words in a particular field on a form. The
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data collected by the digital pen is analyzed to recognize the
characters such that the characters may be automatically
entered into a searchable database. Given the wide range of
handwriting differences between individuals, however, con-
ventional character-level recognition systems generally do
not provide sufficient accuracy for many applications. Thus,
according to certain embodiments disclosed herein, character
recognition accuracy is increased by providing context to the
particular field where the characters are written.

In one embodiment, different lexical inference types may
be customized for each form field on a paper form. For
example, a user may define a form field including lexical
inference recognition based on a word level wherein one or
more pen strokes within the form field are compared to a
predefined set of words related to the form field.

In one embodiment, the user defining the field may selec-
tively customize the predefined set of words. In addition, or in
another embodiment, a system component may track end-
user entries in the particular form field and predict additional
words to add to the predefined set of words based, for
example, on end-user word frequency. Thus, the system com-
ponent may generate or add to a customized lexicon to rec-
ognize future handwritten entries in the same form field on
subsequently processed forms.

In one embodiment, the user may also define a form field
including lexical inference recognition based on a word prefix
level wherein one or more pen strokes within the form field
are compared to a predefined set of word prefixes related to
the form field. Stroke segments that include a predefined word
prefix initiate a modification of valid lexical entries used to
perform handwriting recognition. By way of illustration, in
the case of a word prefix defined as “re” in the example
(re)treatment, pen strokes predefined for the “re” prefix are
reconciled and a further refinement of the field specific lexi-
con can be made using that word prefix signature.

In one embodiment, the user may also define a form field
including lexical inference recognition based on a word stem
level wherein one or more pen strokes within the form field
are compared to a predefined set of word stems related to the
form field. Stroke segments that include a predefined word
stem initiate a modification of valid lexical entries used to
perform handwriting recognition. By way of illustration, in
the case of a word stem such as “treat” in the example re(treat)
ment, pen strokes predefined for that word stem are recon-
ciled and a further refinement of the field specific lexicon can
be made using that word stem signature.

The embodiments of the disclosure will be best understood
by reference to the drawings, wherein like elements are des-
ignated by like numerals throughout. In the following
description, numerous specific details are provided for a thor-
ough understanding of the embodiments described herein.
However, those of skill in the art will recognize that one or
more of' the specific details may be omitted, or other methods,
components, or materials may be used. In some cases, opera-
tions are not shown or described in detail.

Furthermore, the described features, operations, or charac-
teristics may be combined in any suitable manner in one or
more embodiments. It will also be readily understood that the
order of the steps or actions of the methods described in
connection with the embodiments disclosed may be changed
as would be apparent to those skilled in the art. Thus, any
order in the drawings or Detailed Description is for illustra-
tive purposes only and is not meant to imply a required order,
unless specified to require an order.

Embodiments may include various steps, which may be
embodied in machine-executable instructions to be executed
by a general-purpose or special-purpose computer (or other
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electronic device). Alternatively, the steps may be performed
by hardware components that include specific logic for per-
forming the steps or by a combination of hardware, software,
and/or firmware.

Embodiments may also be provided as a computer pro-
gram product including a machine-readable medium having
stored thereon instructions that may be used to program a
computer (or other electronic device) to perform processes
described herein. The machine-readable medium may
include, but is not limited to, hard drives, floppy diskettes,
optical disks, CD-ROMs, DVD-ROMs, ROMs, RAMs,
EPROMs, EEPROMs, magnetic or optical cards, solid-state
memory devices, or other types of media/machine-readable
medium suitable for storing electronic instructions.

FIG. 1 is a block diagram of an example system 100 for
processing data received from a digital pen 110 according to
one embodiment. The digital pen 110 is configured to write
on a paper form 112 and to electronically capture pen strokes
in relation to a position-coding pattern 114 on a writing sur-
face of the form 112. As discussed above, the digital pen 110
may include an Anoto-type pen. Thus, although not shown,
the digital pen 110 may include a ball point tip, an ink car-
tridge, a camera with a lens that is directed toward the ball
point tip, a pressure sensitive sensor that activates when pres-
sure is applied to the ball point tip, a processor, a memory
device, a communication device, and a power source. How-
ever, an artisan will recognize from the disclosure herein that
other types of digital pens known in the art may also be used.

In one embodiment, a user may use the pen to make pen
strokes (e.g., in ink) on the form 110. The digital pen 110
determines the location of the pen strokes on the form 112
relative to the position-coding pattern 114 by analyzing the
position-coding pattern 114 as pressure is applied to the ball
point tip. Thus, each pen stroke is associated with a series of
coordinates (x(1), y(1)) in, for example, a Cartesian coordinate
system defined by the position-coding pattern 114. Here, x(t)
corresponds to a unique location in the position-coding pat-
tern 114 along an x-axis at a particular time during the stroke.
Similarly, y(t) corresponds to a unique location in the posi-
tion-coding pattern 114 along a y-axis at a particular time
during the stroke.

In one embodiment, the form 112 includes one or more
predetermined form fields 116 that a user may mark using the
digital pen 110 to make a particular selection. The field 116
may be preprinted on the form 112 at a predetermined loca-
tion with respect to the position-coding pattern 114. Thus, the
position of a pen stroke relative to the position-coding pattern
114 may be used to determine if the user has marked a loca-
tion within an area defined by the field 116.

Data for each stroke collected by the digital pen 110 may be
stored in a stroke collection file that is communicated to a web
server 122 through, for example, a user’s cellular phone 124,
a wireless communication system 126, and a network 128
such as the Internet or a local area network (LAN). In one
embodiment, the digital pen transmits data to the cellular
phone 124 using Bluetooth®. In addition, or in another
embodiment, the data may be retrieved from the digital pen
110 through a cable or docking station. In one embodiment, a
user computer 130 communicates with the web server 122
through the network 128. The user computer 130 may be
configured, for example, to allow a user to define the form
field 116 including assigning a lexical inference type thereto,
as discussed in detail below.

FIG. 2 is a block diagram of a data structure for an example
stroke collection file 200 according to one embodiment. As a
user makes a pen stroke on the form 112 using the digital pen
110, the digital pen 110 assigns a stroke order (e.g., first,
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4

second, third, etc.) to the stroke relative to previous pen
strokes, if any, made on the particular form 112. After deter-
mining the coordinates (x(t), y(t)) of the stroke in relation to
the position-coding pattern 114, the digital pen 110 adds the
stroke’s stroke order and stroke coordinates to the stroke
collection file 200. When the user indicates that the form is
complete (e.g., by marking a predetermined location on the
form 112), the digital pen 110 transmits the stroke collection
file 200 to the cellular phone 124 for further processing and
transmission to the web server 122.

FIG. 3 is a block diagram of a web server 122 usable by the
system 100 shown in FIG. 1 for defining the form field 116,
processing data received from the digital pen 110, recogniz-
ing handwriting on the form 112 written using the digital pen
110, and other processes described herein. The web server
122 includes a processor 310 for performing software instruc-
tions on the data received from the digital pen 110, as
described herein. In addition, or in another embodiment, the
cellular phone 124 may also perform part or all of the pro-
cessing on the data received from the digital pen 110.

In one embodiment, the web server 122 also includes a
form definer component 312, a form processing component
314, a handwriting recognition component 316, and a data-
base 318. The database 318 may include, for example, the
stroke collection files 200. As discussed below, the database
318 may also include form field tables 320, lexical inference
lists 322, and processed form data 324.

The form definer component 312 is configured to allow a
user to define the form field 116 through, for example, the
user computer 130. In one embodiment, the form definer
component 312 generates a form field table that includes user
selections for each field defined by the user.

For example, FIG. 4 is a block diagram of a data structure
for an example form field table 320 according to one embodi-
ment. When the user creates a new field (e.g., form field 116),
the form definer component 312 creates a new entry in the
form field table 320 with a unique field identifier (ID) 410.
Although not shown, the field ID 410 may include a field
name and a description of the type of information intended to
be entered into the corresponding field 116. The form definer
component 312 may allow the user to define the location and
layout of the form field 116 with respect to the position-
coding pattern 114. The form definer component 312 adds the
field’s location and layout information to a field coordinates
entry 412 in the form field table 320.

In one embodiment, the form definer component 312 also
allows the user to specify whether the form field 116 includes
character recognition capabilities associated with a selected
lexical inference type. For example, the user may set a lexical
inference flag 414 in the form field table 320 to “T” (true) if
the form field 116 includes character recognition associated
with a lexical inference type, or to “F” (false) if the form field
116 does not include character recognition associated with a
lexical inference type.

If the lexical inference flag 414 is set to true, the form
definer component 312 allows the user to select one or more
lexical inference types 416 for the form field 116. FIG. 5, for
example, is a block diagram of a data structure for example
inference types 416 that may be selected by the user defining
the form field 116. The example inference types 416 include
a word level 510, a word prefix level 512, and a word stem
level 514. An artisan will recognize from the disclosure
herein, however, that other lexical inference levels may also
be used. For example, a word suffix list, punctuation model,
grammar model, and combinations of the foregoing may also
be used.












