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(54) (TITLE OF THE INVENTION)
Information Processing Device and Controlling Method and Program Thereof

(57) [ABSTRACT]

[PrRoBLEM] To provide an information processing device, controlling method thereof, and program, able to execute, efficiently
and with good accuracy, handwritten character recognition.

[REsoLuTiON MEANS]

Characters corresponding to stroke data that are inputted manually are recognized. Candidate character strings for the character
recognition results are subjected to post-processing. Whether or not to append a newly inputted character to a character string that
is subject to post-processing is evaluated based on a process type according to an instruction for calling for execution of various
types of processes, including input processes and processes relating to character recognition result candidates.
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[CLAaIM 1]

An information processing device for inputting handwritten character stroke data, recognizing
a character, and executing post-processing on the character recognition result, equipped with:

an input means for inputting stroke data;

a character recognition means for recognizing a character corresponding to the stroke data
inputted by the input means;

a post-processing means for performing post-processing of a candidate character string of
results of character recognition by the character recognition means;

an instruction means for instructing the execution of various types of processes comprising an
inputting process by the input means and a process relating to a character recognition result
candidate; and

a determination means for determining, based on a process type for which execution is
directed by the instruction means, whether or not to append a new character, inputted after an
instruction by the instruction means, to a post-processing character string that has already
become subject to post-processing by the post-processing means.

[CLaIM 2]

The information processing device according to claim 1, further comprising an insertion means
for inserting, as the newly inputted character, a character for which a character code
corresponding thereto is confirmed.

[CLam 3]

The information processing device according to claim 1, wherein when the process type is an
inputting process by the input means, the determination means causes a candidate character that
is newly inputted, as a character recognition result by the character recognition means in relation
to stroke data that are inputted by the input means, to be appended to a post-processing character
string that is already subject to post-processing by the post-processing means.

[CLaIM 4]

The information processing device according to claim 1, further equipped with a display means
for displaying an operating screen that includes the input means, the instruction means, and a
candidate display area for displaying a candidate character of a character recognition result by
the character recognition means; an application screen that is generated by an application that
operates on the information processing device; and a switching operation screen for switching a
plurality of types of applications that run on the information processing device.

[CLAIM 5]

The information processing device according to claim 4, wherein the input means is equipped
with an input area for inputting the stroke data; and

the instruction means is equipped with:

a changing unit for changing a candidate character in the candidate display area;

a conversion unit for carrying out kana-kanji conversion of a candidate character in the
candidate display area;

a deletion unit for deleting a candidate character before the position of a cursor that is
displayed on the candidate display region;

a space character insertion unit for inserting a space character in the candidate display region;
and

a candidate character string confirmation unit for confirming a candidate character string in the
candidate display area and inserting the candidate character string into the application screen.
[CLAIM 6]
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The information processing device according to claim 5, wherein when the process type is one
from among an inputting process for the input area, a timer event process that occurs when a
time without input into the input area exceeds a prescribed time interval, a deleting process by
the deletion unit, or a switching process by the switching operation screen, a candidate character
that is newly inputted as a character recognition result by the character recognition means for
stroke data that have been inputted into the input area is caused to be appended to a post-
processing character string that is already subject to post-processing by the post-processing
means.

[CLAIM 7]

The information processing device according to claim 1, further equipped with an insertion
means for inserting characters that are stored in a storing area that is secured in internal memory
by the operating system that controls the information processing device, wherein when the
process means is an insertion process by the insertion means, the determination means causes a
character that is newly inputted by the insertion process to be appended to a post-processing
character string that is already subject to post-processing by the post-processing means.

[CLaIM 8]

The information processing device according to claim 1, wherein the post-processing means
calculates a chain probability between candidate character strings of the character recognition
results.

[CLam 9]

A controlling method for an information processing device for inputting handwritten character
stroke data, recognizing a character, and executing post-processing on the character recognition
result, comprising:

an input step for inputting the stroke data;

a character recognition step for recognizing a character corresponding to the stroke data
inputted by the input step;

a post-processing step for performing post-processing of a candidate character string of results
of character recognition by the character recognition step;

an instruction step for instructing the execution of various types of processes, comprising an
inputting process by the input step and a process relating to a character recognition result
candidate; and

a determination step for evaluating, based on a process type for which execution is directed by
the instruction step, whether or not to append a new character, inputted after an instruction by the
instruction step, to a post-processing character string that has already become subject to post-
processing by the post-processing step.

[CLam 10]

A program for achieving a controlling method for an information processing device for
inputting handwritten character stroke data, recognizing a character, and executing post-
processing on the character recognition result, equipped with:

program code for an input step for inputting stroke data;

program code for a character recognition step for recognizing a character corresponding to the
stroke data inputted by the input step;

program code for a post-processing step for performing post-processing of a candidate
character string of results of character recognition by the character recognition step;
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program code for an instruction step for instructing execution of various types of processes
comprising an inputting process by the input step and a process relating to a character
recognition result candidate; and

program code for a determination step for evaluating, based on a process type for which
execution is directed by the instruction step, whether or not to append a new character, inputted
after an instruction by the instruction step, to a post-processing character string that has already
become subject to post-processing by the post-processing step.

[DETAILED DESCRIPTION OF THE INVENTION]
[TECHNICAL FIELD]
[0001]

The present invention relates to an information processing device and controlling method and
program thereof for inputting stroke data of a handwritten character and performing character
recognition, and executing post-processing in relation to the character recognition result.
[BACKGROUND ART]

[0002]

Conventionally there have been character recognition devices for identifying paths (strokes) of
inputted handwritten characters. In such a character recognition device (for example, in Patent
Document 1) there has been the need for indicating clearly positions of breaks by designating to
the user that strokes are to be inputted in a specific area that is surrounded by a character input
box, in order to designate breaks between words.

[0003]

In online handwritten character identifying devices that execute post-processing by character
string units, there are those that are configured so as to define, as subject to post-processing,
handwritten character strings that are inputted up until a button is pressed to start recognition.

[PATENT DOCUMENT 1] Japanese Unexamined Patent Application Publication H6-208655
[DISCLOSURE OF THE INVENTION]

[PROBLEM TO BE SOLVED BY THE INVENTION]
[0004]

However, in the conventional character recognition device, the device side cannot recognize a
break between words unless the user instructs inputting of word breaks each time. Because of
this, during inputting the user is forced to perform other input operations in addition to the actual
intended character input, adversely affecting a natural use experience.

[0005]

Moreover, when carrying out post-processing by the character string unit, the handwritten
character string that is inputted up until the button is pressed to initiate character recognition
becomes subject to the post-processing. Because of this, when the button to start recognition is
pressed part way through inputting of a character string, the characters that are inputted
thereafter will not be linked to the recognized characters, which may reduce the recognition rate
and preclude the desired recognition result.

[0006]

The present invention was created to solve the problem set forth above; the object thereof is to
provide an information processing device, and controlling method and program thereof, that
enable efficient and accurate execution of handwritten character recognition.

[MEANS FOR SOLVING THE PROBLEM]
[0007]
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An information processing device according to the present invention, in order to achieve the
object set forth above, comprises the following structures, specifically:

an information processing device for inputting handwritten character stroke data, recognizing a
character, and executing post-processing on the character recognition result, equipped with:

an input means for inputting stroke data;

a character recognition means for recognizing a character corresponding to the stroke data
inputted by the input means;

a post-processing means for performing post-processing of a candidate character string of
results of character recognition by the character recognition means;

an instruction means for instructing the execution of various types of processes comprising an
inputting process by the input means and a process relating to a character recognition result
candidate; and

a determination means for determining, based on a process type for which execution is directed
by the instruction means, whether or not to append a new character, inputted after an instruction
by the instruction means, to a post-processing character string that has already become subject to
post-processing by the post-processing means.

[0008]

Preferably it further comprises insertion means for inserting, as the newly inputted character, a
character for which a character code corresponding thereto is confirmed.
[0009]

Moreover, preferably, when the process type is an inputting process by the input means, the
determination means causes a candidate character that is newly inputted, as a character
recognition result by the character recognition means in relation to stroke data that is inputted by
the input means, to be appended to a post-processing character string that is already subject to
post-processing by the post-processing means.

[0010]

Moreover, preferably it further comprises a display means for displaying an operating screen
that comprises the input means, the instruction means, and a candidate display area for
displaying a candidate character of a character recognition result by the character recognition
means; an application screen that is generated by an application that operates on the information
processing device; and a switching operation screen for switching a plurality of types of
applications that run on the information processing device.

[0011]

Preferably the input means comprises an input area for inputting the stroke data; and

the instruction means comprises:

a changing unit for changing a candidate character in the candidate display area;

a conversion unit for carrying out kana-kanji conversion of a candidate character in the
candidate display area;

a deletion unit for deleting a candidate character before the position of a cursor that is
displayed on the candidate display area;

a space character insertion unit for inserting a space character in the candidate display area; and

a candidate character string confirmation unit for confirming a candidate character string in the
candidate display area and inserting the candidate character string into the application screen.
[0012]

Moreover, preferably, when the process type is that of an input process for the input area, a
timer event process that occurs when a time without input into the input area exceeds a
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prescribed time interval, a deleting process by the deletion unit, or a switching process by the
switching operation screen, a candidate character that is newly inputted as a character
recognition result by the character recognition means for stroke data that have been inputted into
the input area is caused to be appended to a post-processing character string that is already
subject to post-processing by the post-processing means.

[0013]

Moreover, preferably it is further equipped with an insertion means for inserting characters that
are stored in a storage area that is secured in internal memory by the operating system that
controls the information processing device, wherein when the process hand type is an insertion
process by the insertion means, the determination means causes a character that is newly inputted
by the insertion process to be appended to a post-processing character string that is already
subject to post-processing by the post-processing means.

[0014]

Moreover, preferably the post-processing means calculates a chain probability between
candidate character strings of the character recognition results.
[0015]

Moreover, in order to achieve the object described above, a method for controlling an
information processing device according to the present invention is equipped with the following
composition. Specifically, it is a control method for an information processing device for
inputting handwritten character stroke data, recognizing a character, and executing post-
processing on the character recognition result, equipped with:

an input step for inputting stroke data;

a character recognition step for recognizing a character corresponding to the stroke data
inputted by the input step;

a post-processing step for performing post-processing of a candidate character string of results
of character recognition by the character recognition step;

an instruction step for instructing execution of various types of processes including an input
process by the input step and a process relating to a character recognition result candidate; and

a determination step for determining, based on a process type for which execution is directed
by the instruction step, whether or not to append a new character, inputted after an instruction by
the instruction step, to a post-processing character string that has already become subject to post-
processing by the post-processing step.

[0016]

In order to achieve the above object, the program according to the present invention is
equipped with the following features. Specifically, it is a program for achieving a control method
for an information processing device for inputting handwritten character stroke data, recognizing
a character, and executing post-processing on the character recognition result, equipped with:

program code for an input step for inputting stroke data;

program code for a character recognition step for recognizing a character corresponding to the
stroke data inputted by the input step;

program code for a post-processing step for performing post-processing of a candidate
character string of results of character recognition by the character recognition step;

program code for an instruction step for instructing execution of various types of processes
comprising an inputting process by the input step and a process relating to a character
recognition result candidate; and
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program code for a determination step for determining, based on a process type for which
execution is directed by the instruction step, whether or not to append a new character, inputted
after an instruction by the instruction step, to a post-processing character string that has already
become subject to post-processing by the post-processing step.

[EFFECTS OF THE INVENTION]
[0017]

The present invention enables the provision of an information processing device, and a control
method and program thereof, so as to be able to execute handwritten character recognition
efficiently and accurately.

[PREFERRED MODE FOR CARRYING OUT THE PRESENT INVENTION]
[0018]

Embodiments according to the present invention will be explained in detail below using the
drawings.
[0019]

The present invention provides a post-processing continuation determination unit, depending
on the type of input instructed by a user in an information processing device that executes post-
processing, by the character string unit, on character strings through handwritten input. Given
this, the explanation will be for a configuration that achieves post-processing naturally, and by
appropriate processing units, through the post-processing continuation determination unit,
without the user consciously making any particular inputs instructing the end or continuation, or
the like, of a text element. Through this, the present invention is able to achieve an improvement
in the probability that the characters that are the result of recognition of a handwritten input by
the user will be the recognition result that is intended by the user.

[0020]

Moreover, an insertion unit is provided for inserting, as a portion of a character string that is to
be subjected to post-processing, an ordinary text character string (character code string) that is
structured from a character code. Additionally, a configuration will be described that achieves
proper post-processing even when a text character string is inserted into a character recognition
result editing area that is to be subject to post-processing, through this insertion unit. This
enables an improvement in the efficiency of inputting sentences as intended by the user, even
when handwritten character recognition results and ordinary text character strings are mixed.
[0021]
<EMBODIMENT 1 >

FIG. 1 is a diagram depicting an example of the form of use of a character recognition device
of a first embodiment according to the present invention. FIG. 2 is a diagram depicting a
hardware structure for a mobile information device that functions as the character recognition
device of the first embodiment according to the present invention.

[0022]

FIG. 1 is a mobile information device, such as a PDA (Personal Digital Assistant), mobile
telephone, digital camera, notebook PC (personal computer), or the like.
[0023]

This mobile information device 1 is equipped with: a display unit 2; a stylus 3; a camera unit 4;
a coordinate input unit 5; a CPU 6; a RAM 7; a ROM 8; a media interface (I/F) 9 that is
equipped with a slot for insertion of a storing medium (for example, a Smart Media, a
CompactFlash (registered trademark), or the like); a keyboard 10 (which may be an ordinary
keyboard or a soft keyboard that is displayed on the display unit 2); an external interface (USB,
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Bluetooth, or the like) 11 for connecting to another information device; and a network interface
12.
[0024]

The mobile information device 1 displays, on a liquid crystal display unit 2, an image captured
by the camera unit 4, where additional information, such as caption information, or the like, to be
added to the image, can be produced through stroke data that is inputted through the coordinate
input unit 5 (handwritten stroke data through a handwritten inputting operation by the user).
[0025]

The CPU 6 is connected through a system bus 13 to the various constituent elements of the
mobile information device 1, such as the RAM 7, the ROM 8, the coordinate input unit 5, the
display unit 2, and the like. Moreover, the CPU 6 executes various types of control through
programs that are stored in the ROM 8.

[0026]

The RAM 7 not only stores various types of data, such as image data, input stroke data,
location information thereof, and the like, but also functions as a data work area and temporary
storage area.

[0027]

The ROM 8 stores control programs for the mobile information device, including various types
of programs for implementing the present invention. More specifically, the ROM 8 stores, in
addition to various types of programs such as a control processing program for post-processing at
the time of handwritten character input, a camera unit control program, a display unit control
program, a program for recognizing handwritten stroke data, and the like, but also data such as
recognition dictionary data for recognizing handwritten characters, post-processing dictionary
data (dictionary data for chain probability calculation), various types of table and setting data,
and the like.

[0028]

Input stroke data can be recognized into a corresponding character code, by a handwritten
character recognition function that that has existed conventionally, to be inputted into the mobile
information device 1. Moreover, input stroke data may be added, as additional information, as an
image (image data), without having been recognized, to a captured image, or text data obtained
through the character recognition function may be added as additional information to the
captured image.

[0029]

The image data for the captured image to which additional information has been added may be
sent through an external interface 11 to an external terminal 50, such as a personal computer, or
the like, in response to an instruction operation by a user. Conversely, after the image data has
been stored on a storing medium, equipping in an external terminal 50 or printer that is equipped
with a media slot enables storing or printing of the image data.

[0030]

Moreover, transmission to another external terminal on a network can be achieved through a
network, such as a local network, public access network, or the like, that is connected through
the network interface 12, through attaching the image data to an electronic mail that is generated
by an electronic mail function realized by the mobile information device 1.

[0031]

2 is a display unit, structured from, for example, a liquid crystal or LEDs. If structured from a

liquid crystal display unit, the display unit 2 will have liquid crystal display elements, a liquid
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crystal displaying circuit, and display memory. This display unit 2 is connected to the CPU 6
through the system bus 13. Moreover, image data or stroke data is displayed, and various types
of operating screens are displayed, through instructions from the CPU 6.

[0032]

A common transparent resistance film digitizer (known as a "touch panel™) for inputting
coordinates, can be achieved through disposing the coordinate input unit 5 overlaying the top
face of the display unit 2. The user is able to input stroke data through pressing, with a stylus 3,
on the coordinate input surface of the coordinate input unit 5 (the display screen of the display
unit 2).

[0033]

More specifically, the coordinate input unit 5 is connected to the CPU 6 through an internal
control circuit (not shown) via the system bus 13. As a result, through the use of the stylus 3 to
press on the coordinate input surface of the coordinate input unit 5, the CPU 6 is notified of
position coordinate data for a position that is pressed.

[0034]

Based on this position coordinate data, the mobile information device 1 displays, in accordance
with a procedure within the ROM 8, an operating screen, such as a file list display screen,
through a GUI (Graphical User Interface) that is implemented on the display unit 2. Moreover,
any of a variety of processes can be executed, such as displaying the content of a data file that
corresponds to a data file icon (a display that indicates a data file) on the operating screen at the
position that is indicated by the position coordinate data that has been inputted, editing an image
that corresponds to the input position, or the like.

[0035]

Moreover, instructions for executing various functions and screen operations realized by the
mobile information device 1 can be achieved using the stylus 3, where, for example, the
electronic mail function, referenced above, can also be used through the use of the stylus 3.
[0036]

3 is a stylus, used for inputting handwriting stroke data, soft buttons and soft keyboards on the
display screen, and the like.

[0037]

4 is a camera unit, and is equipped with structural elements such as a lens, a CCD 4a, a CCD
control circuit (not shown), and the like, which are the structural elements of a typical digital
camera. Moreover, this camera unit 4 is controlled by the CPU 6 with the mobile information
device 1, where image data that is captured is stored temporarily in the RAM 7 under the control
of the CPU 6. The ability to send an image that is captured by the camera unit 4 through
attaching it to an electronic mail is as was described above.

[0038]

More specifically, the CCD control circuit of the camera unit 4 is connected to the CPU 6
through the system bus 11. Because of this, the operation of the CCD 6 is controlled, through the
CCD controlling circuit, by the CPU 6, and the image captured by the CCD 6 is stored in the
RAM 7.

[0039]

The media interface 9 is an interface unit for a typical storage medium in a digital camera, or
the like, and is, for example, a CompactFlash (registered trademark) card. In particular, the
media interface 9 enables reading and writing of data of the connected media, and enables
storage of data such as image data.
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[0040]

The keyboard 10 is a typical keyboard, where key codes for alphanumerics, and the like, are
inputted through pressing keys. The input key codes are read in by the CPU 6 through the system
bus 13.

[0041]

The external interface 11 may be, for example, a USB interface unit. This may be controlled by
the CPU 6 to connect to an external terminal that is a personal computer, or the like, to exchange
various types of data such as stroke data, image data, and the like.

[0042]

The network interface 12 may be structured from, for example, a communication card.
Connection controllers for controlling connections to public networks, such as PHS circuits, or
the like, and an antenna are installed therein. It is possible to connect to a public circuit, to send
and receive electronic mail, through sending a prescribed command to the controller that is in the
communication card.

[0043]

Moreover, this communication card may be replaced with a network card, such as a local area
network card, or the like, to be compatible with a local area network connection. Here the actual
protocol for sending and receiving electronic mail is the same as that in a conventional method.
[0044]

The system bus 13 is a communication path that connects the CPU 6 to the various constituent
elements of the mobile information device 1, including the RAM 7 and the ROM 8, to enable
exchange of data therebetween.

[0045]

50 is an external terminal such as a personal computer, or the like. This external terminal 50
has the standard constituent elements that are equipped in a general use computer (such as, for
example, a CPU, a RAM, a ROM, a hard disk, an external storage device, a network interface, an
external interface display, a keyboard, a mouse, and the like).

[0046]

Moreover, in the first embodiment, the external terminal 50 may connect to the mobile
information device 1 through an external interface, such as a typical USB, or the like, or through
a network, to send and receive image data 6.

[0047]

The functional structure of the mobile information device of the first embodiment will be
explained next using FIG. 3.

[0048]

FIG. 3 is a diagram depicting the functional structure of a mobile information device according
to a first embodiment according to the present invention.
[0049]

Note that in FIG. 3 the coordinate input unit 5 and the display unit 2, which are hardware, are
depicted, for use in the explanation, in addition to the various functional structures (surrounded
by the dotted lines) of the mobile information device. This functional structure may be achieved,
under control of the CPU 6, through a control program that is stored in the ROM 8, or some or
all thereof may be achieved through specialized hardware circuits.

[0050]

In FIG. 3, 31 is a process type determination unit, for determining a process type in response to

a range of position coordinate data received from the coordinate input unit 2. Additionally,
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depending on the identified process type, processing is carried out with the input coordinate data
allocated to various processing portions.
[0051]

32 is a text editing processing unit, which executes editing processes on a text character string
obtained from the handwritten character recognition unit 35, such as deletion, kana-kanji
conversion, insertion into a character input area of an application, and the like.

[0052]

33 is a post-processing continuation determination unit, which, depending on each individual
process type received from the process type determination unit 31, evaluates whether to append
to or terminate (stop) a post-processing character string (a character string that is subject to post-
processing), and sends the determination result to a post-processing unit 34.

[0053]

34 is the post-processing unit. Here post-processing is carried out, in particular, by the
character string unit, and an algorithm that is similar to the algorithm taught in Japanese
Unexamined Patent Application Publication H10-198759, for example, may be used.
Specifically, an inputted handwritten character string recognition candidate is determined
through considering the probability that the characters in the candidate character string,
recognized by the handwritten character recognition unit 35, are linked together, and considering
the degree of match with reference character dictionary data within the recognition dictionary.
[0054]

Note that the post-processing is not limited thereto, but rather may be, for example,
morphological analysis, statistical processes, or the like, insofar as they are post-processes on the
character strings obtained from the recognition process.

[0055]

35 is a handwritten character recognition unit, which receives, from the process type
determination unit 31, a position coordinate data string for the handwritten character, to output
candidate character codes through a process of matching with reference character dictionary data
within the recognition dictionary.

[0056]

36 is a recognition candidate selection display unit, which carries out a process for selecting
and displaying handwritten character recognition candidates. This process is actually a typical
process conventionally, where, when a display of a first candidate for a given handwritten
character is tapped using the stylus 3, a candidate group for the first candidate through the fifth
candidate for the character will be displayed in a candidate display area. Given this, when an
arbitrary candidate is tapped from the set of candidates, a process is carried out to replace, with
the character for the candidate that has been tapped, the first candidate that is displayed.

[0057]

Note that this functional structure was explained using, as an example, an implementation of a
mobile information device 1; however, there is no limitation thereto. Moreover, the functional
structure of the present invention, depicted in FIG. 3, can, of course, be achieved in a general-use
terminal (information processing device) such as a personal computer, or the like, that has
functions that are equal to or superior to those of a mobile information device.

[0058]

In the present invention, depending on the process type, in the various types of processes that
are achieved in a handwritten character recognition environment, an evaluation is performed, in
particular, of whether or not appending to the post-processing is possible, in the post-processing
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of character string units, by the post-processing continuation determination unit 33. Given this, a
post-processing continuation determination table is stored in the RAM 7, for example, in order to
achieve this determination by the post-processing continuation determination unit 33.

[0059]

The post-processing continuation determination table will be explained here using FIG. 4.
[0060]

FIG. 4 is a diagram depicting a post-processing continuation determination table of the first
embodiment according to the present invention.

[0061]

This post-processing continuation determination table defines correspondence between, and
controls, information on the process type and on whether or not it is possible to append thereafter
for post-processing (whether or not the entirety of a character string that includes new character,
appended to a candidate character string for which a character recognition result has already been
obtained, will be a character string that is subject to post-processing).

[0062]

For example, when the process type determined by the process type determination unit 31 is a
candidate change process for a handwritten character recognition candidate, the post-processing
continuation determination unit 33 references the post-process continuation determination table
to evaluate at that time whether to temporarily stop, at that time, post-processing the character
that was inputted prior to the candidate selection instruction.

[0063]

Moreover, as another example, when carrying out an operation to break character data of a
single character using character cutoff time (a process (timer event) that occurs when the pen-up
time (the time over which there is no operation by the stylus 3: a non-input time) has extended
beyond a given time period), the post-processing continuation determination unit 33 references
the post-processing continuation determination table to evaluate whether to continue post-
processing on the characters that had been inputted up to the time of this operation and the
character inputted thereafter.

[0064]

In this way, the present invention is able to provide an operating environment that is user-
friendly, through determining whether to continue or to stop the post-processing based on the
input operation type and event type each time there is an input operation or an event occurs
through the stylus 3, or the like.

[0065]

Note that this post-processing continuation determination table is an example, where
implementation may be through a variety of different structures depending on the application and
purpose. That is, post-processing continuation determination tables can be structured, of course,
for a variety of different settings, depending on the process types and events wherein post-
processing is to be applied to the character strings obtained through the recognition processes,
depending on the intentions and objectives of the user.

[0066]

A specific example of the character recognition process in the first embodiment will be
explained next using FIG. 5.

[0067]

FIG. 5 is a diagram for explaining a specific example of a character recognition process of the
first embodiment according to the present invention.
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[0068]

FIG. 5 depicts an example of a display screen during the operation of a handwritten character
input utility program that achieves the character recognition process according to the present
invention in an electronic mail application that runs on the mobile information device 1.

[0069]

Note that in, the first embodiment, the explanation will use an example of using a handwritten
character input utility program on an application screen generated, for example, by an electronic
mail application; however, there is no limitation thereto. That is, the present invention is, of
course, effective in other application programs as well that required character input, such as, for
example, file browsers, photo viewers, schedulers, word processing programs, and the like.
[0070]

In FIG. 5, area 51 is an area that comprises a variety of input fields for inputting a destination
and subject for the electronic mail. For example, a cursor for text input will be displayed in the
corresponding input field through pressing an arbitrary position within the area 51 using the
stylus 3. The user may, in this state, use the handwritten character input utility program to
execute inputting of text into this input field.

[0071]

Area 52 is an area for inputting the body of the electronic mail. Through, for example, pressing
the stylus 3 at an arbitrary position within this area 52, the cursor for text input will be displayed
in the area 52. The user, in this state, is able to input text into this area through the use of the
handwritten character input utility program.

[0072]

Screen 53 is a handwritten character input screen that is realized by the handwritten character
input utility program. While the details thereof are explained using FIG. 6, when it is necessary
to input text into an arbitrary application program, the user can input characters, through a
handwritten input, by starting this handwritten character input utility program.

[0073]

Of course, a configuration is possible wherein application programs that require the
handwritten character input utility program are assigned in advance so that the handwritten
character input utility program will start simultaneously with launching of those application
programs.

[0074]

When handwritten character input (stroke data input) is carried out by the user on the
handwritten character input screen 53 of the handwritten character input utility program, the
stroke data thereof is recognized by the handwritten character recognition unit 35 of FIG. 3.
Given this, the character font corresponding to the character code obtained as the recognition
result is displayed temporarily by the handwritten character input screen 53.

[0075]

If the character displayed by the handwritten character input screen 53 is the character that is
desired by the user, the user confirms this character to insert, at the cursor position that is
displayed on the electronic mail application program, the character that is currently displayed.
[0076]

Area 54 is an area wherein a control group for switching between the various application
programs and controls (buttons and icons) for launching the handwritten character input utility
program are arranged.

[0077]
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In this area 54, a button 55 is the button for starting the handwritten character input utility
program. The handwritten character input utility program will start up, and the handwritten
character input screen 53 will be displayed, when this button 55 is pressed using the stylus 3. On
the other hand, if the button 55 is pressed in a state wherein the handwritten character input
utility program is already running, the handwritten character input utility program will close, and
the screen 53 for inputting handwritten character will be removed.

[0078]

Button 56 is a button for starting the file browser. When this button 56 is pressed using the
stylus 3, a file browser application for browsing various types of data, under the control of the
mobile information device 1, will be started.

[0079]

Button 57 is a button for starting the electronic mail application. The electronic mail
application is started when this button 56 is pressed using the stylus 3.

[0080]

Button 58 is a button for starting the photo viewer. The photo viewer (an application for
displaying photographs), for viewing image data under the control of the mobile information
device 1, is started when this button 56 is pressed using the stylus 3.

[0081]

Button 59 is a button for starting the scheduler. The scheduler application is started when this
button 59 is pressed using the stylus 3.

[0082]

The details of the screen 53 for inputting handwritten character, generated by the handwritten
character input utility program, will be explained next using FIG. 6.

[0083]

FIG. 6 is a diagram depicting an example of a screen for inputting handwritten character,
generated by the handwritten character input utility program of the first embodiment according
to the present invention.

[0084]

In FIG. 6, the area 61 is an input character buffer area, and displays a first candidate for the
handwritten character recognition result. First candidates for recognition results are displayed
sequentially here when the inputting of a single handwritten character is confirmed and the
recognition process is terminated. For example, when "4 H (X" is inputted through handwritten
input, if this constitutes characters wherein the stroke data are identical to the shapes that are
registered in the recognition dictionary (the reference character dictionary data), then "4 H /3"
will be displayed in this area 61 as the recognition result.

[0085]

Here, if a character that is not the intended candidate is comprised in the set of characters that
is displayed in the input character buffer area 61, the user can replace the candidate by selecting,
through pressing with the stylus 3, the character that is not the intended candidate.

[0086]

Specifically, when the user selects, through tapping, an arbitrary character within the input
character buffer area 61, a group of the first through fourth candidates for that character will be
displayed, in the rank order of the candidates, in the candidate display area 66. Given this, if the
intended candidate is included in this set of candidates, through pressing that candidate with the
stylus 3 the user can replace the character for the first candidate, that is selected in the input
character buffer area 61, with the character selected in the candidate display area 66.
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[0087]

When the function of the post-processing unit 34 is explicitly disabled through a user
instruction, the set of first candidate characters that is displayed in the input character buffer area
61 will reflect, as-is, the rank order of the recognition candidates in the recognition result by the
handwritten character recognition unit 35. On the other hand, if the functions of the post-
processing unit 34 are explicitly enabled through a user instruction, the rank ordering of the
recognition candidates is replaced, and the characters are displayed in the input character buffer
area 61, based on the chain probability for the character string, and the degrees of matching of
the recognition results, based on the recognition candidates of the identification results by the
handwritten character recognition unit 35.

[0088]

The button 62 is the Conversion button. Kana-kanji conversion is carried out for the hiragana
character in the input character buffer area 61 when this button 62 is pressed using the stylus 3.
For example, if, in a state wherein "\ 75" has been inputted into the input character buffer
area 61, this button 62 is pressed, it will be converted to, for example "% 73", If the conversion
candidate is not what was intended, pressing this button 62 again will display the next candidate.
[0089]

The button 63 is the Backspace key button (the deletion button). If character is displayed in the
input character buffer area 61 and this button 63 is pressed using the stylus 3, then one character,
preceding the position of the cursor that is displayed in this input character buffer area 61, will be
deleted. On the other hand, if not even a single character has been inputted for the text within the
input character buffer area 61, one character will be deleted from the left side of the cursor that is
displayed in the application (for example, in area 52 of the electronic mail application).

[0090]

The button 64 is the Space Key button (a space character insertion button). If a character string
is displayed in the input character buffer area 61 and the insertion position is at the end of the
character string, and this button 64 is pressed using the stylus 3, a space character (space code)
will be inserted after that character string.

[0091]

The button 65 is an Enter Key button (a candidate character string confirmation/line break
input button). If a character string is displayed in the input character buffer area 61 and this
button 65 is pressed using the stylus 3, this character string is confirmed and the character string
is inserted to the right side of the cursor that is displayed in the application. On the other hand, if
no text is present in the input character buffer area 61, a line break code is inserted on the right
side of the cursor that is displayed in the application, and the cursor is moved to the next line.
[0092]

Area 66 is the candidate display area for handwritten character recognition. As described
above, the first-ranked through fourth-ranked recognition candidates that correspond to the
character that is selected in the character string of the input character buffer area 61 will be
displayed here.

[0093]

As described above, the selected character will be replaced into the input character buffer area
61 when an arbitrary character within the text that is displayed in the candidate display area 66 is
selected through pressing with the stylus 3.

[0094]
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For example, if a character string for a recognition result of "4 HIZ R U " is displayed within
the input character buffer area 61 and " ¥ " is selected by pressing with the stylus 3, then, as the
characters that are the first candidate through the fourth candidates for the " ¥ " will be displayed
as, for example, "9 ", "\, """, and ™™, or the like in the candidate display area 66. The user is
able to select an arbitrary character therefrom. For example, when the "\ " is selected by
pressing with the stylus 3, the " ¥ " within the input character buffer area 61 will be replaced with
the "\," so that the entire character string will be changed from "4 H{iZE V" to "4 HIZE W
[0095]

The area 67 is a handwritten character input area. Character input can be carried out through
alternatingly filling in handwritten character into the two regions 67a and 67b.

[0096]

For example, when a "\ " is written into the area 67a followed by writing the first stroke for
forming "X" in handwriting in area 67b, the input of "\ " in area 67a is confirmed and the
recognition process on this "\ " is commenced. Here, at the instant that recognition of the "\ "
has been completed, the first candidate for the recognition result of "\ " will be displayed in the
input character buffer area 61, and at that instant the strokes of the handwritten character that
have been inputted into the area 67a will be erased.

[0097]

Processing is next carried out for area 67b. At the instant that inputting of the handwritten
strokes for forming the character " K" has been completed, then, if there is a subsequent
character to draw and drawing of this subsequent character is started in the area 67a, the
recognition process on "_K" is commenced.

[0098]

On the other hand, if there is no subsequent character to input, then at the instant that a
prescribed time interval (the pen-up time) has elapsed after the moment at which the stylus 3 (for
example, pressing) was operated, it is confirmed that inputting of the ">K" has been completed,
and the recognition process is carried out. Conversely, if the stylus 3 is touched to a part other
than the handwritten character input area 67, then the completion of the inputting of the " X"
character can be confirmed at that time.

[0099]

Given this, at the instant that the recognition process for "_X" has been completed, the first
candidate for the recognition result for "X" will be displayed on the right side of the character
that is the recognition result for "\ " in the input character buffer area 61, and the handwritten
strokes that form the public K" character in area 67b will be erased.

[0100]

Note that the actual processes for inputting the handwritten character may be achieved in the
same manner as conventional handwritten character inputting processes.
[0101]

Moreover, while the various operation (instruction) controls (buttons, menus, etc.) for directing
execution of various types of processes, depicted in FIG. 5 and FIG. 6, show exemplary
implementations on a GUI, these may instead be implemented as physical buttons or keys on the
mobile information device, for example.

[0102]
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The processes executed in the first embodiment will be explained next using FIG. 7 through
FIG. 9.

[0103]

FIG. 7 is a flowchart depicting a character string post-processing continuation determination
process in the first embodiment according to the present invention.
[0104]

Note that this process is executed primarily by the post-processing continuation determination
unit 33. When executing this process, the work area, and the like, in the RAM 7, which will be
used in the process, is initialized.

[0105]

First, the characters input by the user using the stylus 3 and editing operations are input as
position coordinate data by the coordinate input unit 22. Given this, the detail of the operation,
such as whether this is an operation for inputting a handwritten character, an editing operation, a
candidate selecting operation, or another operation, is identified by the position indicated by the
position coordinate data. Note that this determination is achieved through the process type
determination unit 31 of FIG. 3, as described above.

[0106]

In the first embodiment, as an example of determining the input type by the processing type
determination unit 31, a case where the input type is realized by the handwritten character input
utility program shown in FIG. 6 will be described as an example. Note that, as described above,
the handwritten character input utility program is started through pressing of the button 55 in the
screen for inputting handwritten character in FIG. 5.

[0107]

The flowchart will be described in detail below.
[0108]

In Step S702, a determination is carried out as to whether or not this is a candidate change
process that replaces the character string candidate in the input character buffer area 61. This
determination evaluates whether or not the stylus 3 has pressed on the character string in the
input character buffer area 61 in FIG. 6, for example. In particular, if a position coordinate within
that area has been inputted, the determination will be that this is a candidate change process.
Given this, if a candidate change process (YES in Step S702), the process advances to Step
S703. On the other hand, if not a candidate change process (NO in Step S702), the process
advances to Step S704.

[0109]

In Step S703, a character string post-processing completed flag is set. This character string
post-processing completed flag is a flag that indicates whether or not character string post-
processing has been completed.

[0110]

For example, a user carries out a candidate change process when the first candidate character
string that is displayed in the input character buffer area 61 is other than the intended character
string. Given this, when the candidate is replaced, the displayed candidate character string after
the replacement will be the character string that is desired by the user. Consequently, the
character string post-processing completed flag is set at this time in the RAM 7, for example, in
order to terminate (stop) the post-processing on the character string that has been thus far. When
this character string post-processing completed flag is set, a post-processing completion
instruction is issued to the post-processing unit 34 in FIG. 3.
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[0111]

In Step S704, a determination is made as to whether or not there is a handwritten character
input. This determination is performed based on whether or not there is an input at a position
coordinate within a handwritten character input area 67 of FIG. 6. If there is a handwritten
character input (YES in Step S704), the process advances to Step S705. On the other hand, if
there is no handwritten character input (NO in Step S704), the process advances to Step S706.
[0112]

In Step S705, a process is carried out to add the recognition candidates to the post-processing
character string. After one character of the strokes for the handwritten character that has been
inputted has been confirmed in the handwritten character input area 67 of FIG. 6, the position
coordinate data for the strokes for the handwritten character that has been inputted is transferred
to the handwritten character recognition unit 35 of FIG. 3. Following this, distinctive feature data
of the character is extracted from the position coordinate data using an online handwritten
character recognition algorithm that has existed conventionally.

[0113]

Following this, candidates for a first candidate through fourth candidate other than the inputted
handwritten character are determined, in the sequence of the reference character dictionary data
with the highest degree of matching of the distinctive features, through a process of matching the
distinctive feature data and the standard character dictionary data (standard character distinctive
feature data) within the recognition dictionary. Given this, the character codes that correspond
respectively to the first candidate through fourth candidate that have been determined, and the
evaluation value for the degree of matching, are passed to the post-processing unit 34.

[0114]

The post-processing unit 34 determines, from the character candidate strings, which comprise
the character codes and the evaluation values for the recognition candidates, the combinations
that have the highest chain probabilities between the character strings, to change the display
within the input character buffer area 61 to display the combination with the highest value as the
first candidate.

[0115]

For example, let us explain the case wherein the first display in the input character buffer area
61 is "12 A 4," through the handwritten character recognition unit 35.

[0116]

When examining the "A" here, in regard to this " A" the first candidate is " A", the second
candidate is "3", the third candidate is " J*," and the fourth candidate is "%". In this case, the
character string combinations will be "12 A 4", "1234","12 | 4" and "12 % 4".

[0117]

In this case, with chain probabilities, the combination "1234" will have the highest evaluation
value, so if the difference in evaluation values between the " A" of the first candidate and the "3"
of the second candidate is small, the combination "1234" will be selected. The result is that the
display in the input character buffer area 61 will switch from "12 A 4" to "1234".

[0118]

In Step S706, it is determined whether or not the character cutoff time has elapsed.
[0119]

If a prescribed time interval has elapsed for an input by the stylus 3 following input of the most
recent stroke of the strokes to draw a single character within the handwritten character input area
67 in FIG. 6, then a character cutoff time interval elapsed event is produced. Note that this
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configuration may be a conventional process that has been used in online handwritten character
recognition conventionally.
[0120]

Therefore, when the character cutoff time interval has elapsed, this character cutoff time
interval elapsed event is generated, that is, if the character cutoff time interval has elapsed (YES
in Step S706), the process advances to Step S707.

[0121]

On the other hand, in another event, or if another position coordinate is inputted (NO in Step
S706), the process advances to Step S708.

[0122]

In Step S707, a process for indicating continuation, in regard to the post-processing unit 34 that
has added the recognition candidates to the post-processing character string is carried out.
Further, in the conventional character recognition process that carries out post-processing, the
post-processing is terminated at the instant that there has been a determination that the
continuous input has been completed (for example, at the instant that the character cutoff time
interval has expired).

[0123]

In relation to this, if inputting of the last stroke of the set of strokes for the handwritten
character intended by the user is confirmed through the character cutoff time interval elapsed
event in the first embodiment, the stroke data within the handwritten character input area 67 is
first transferred to the handwritten character recognition unit 35. Given this, the candidate
characters, outputted from the handwritten character recognition unit 35, and the evaluation
values thereof, are passed to the post-processing unit 34, a post-processing continuation
instruction is sent to the post-processing unit 34 to wait for input.

[0124]

As a result, the present invention enables the post-processing to be continued even after a
character cutoff time interval elapsed event has occurred, and even for input thereafter.
[0125]

In Step S708, an evaluation is made as to whether or not the start recognition area has been
pressed. In the first embodiment, the area for starting the recognition is defined as any area
outside of the handwritten character input area 67 in FIG. 6, so when a position coordinate is
inputted in relation to this area, a start recognition event is generated first.

[0126]

Specifically, when a coordinate outside of the handwritten character input area 67 of FIG. 6 has
been inputted, then, if there is unprocessed stroke data within the handwritten character input
area 67, then a start recognition event is generated first. When the start recognition event has
been generated (YES in Step S708), the process advances to Step S709, where the data for the
position coordinate input is stored, and a process is executed as the next event, at that position.
[0127]

For example, if, in a state wherein the strokes for the handwritten character "<." have been
inputted into the handwritten character input region 67, the button 65 is pressed with the stylus 3,
then first a start recognition event is generated through the area outside of the handwritten
character input region 67 (the start recognition area) having been pushed, and handwritten
character recognition is carried out. Following this, after the recognition result has been
displayed in the input character buffer area 61, the process relating to the pressing of the button
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65 will be executed. On the other hand, in the case of any other event (NO in Step S708), the
process advances to Step S710.
[0128]

Whether or not a single character deleting process has been called is evaluated in Step S710. If
a position coordinate within the button 63 has been inputted (YES in Step S710), the
determination will be that this is a process for deleting one character, and the process advances to
Step S711. On the other hand, if some other position coordinate has been inputted (NO in Step
S710), the process advances to Step S712.

[0129]

The single character deleting process is executed in Step S711. That is, if there is a character in
the input character buffer area 61, one character on the right end of the input character buffer
area 61 will be deleted. Following this, a process is executed to remove the recognition
candidates, within the post-processing character string within the post-processing unit 34, that
correspond to the deleted character. On the other hand, if there is no character in the input
character buffer area 61, the character on the left side of the cursor position in the application
will be deleted, and because there is no data subject to processing in the post-processing unit 34,
the process is terminated without doing anything.

[0130]

In Step S712 it is evaluated whether or not there is an application switching process. If an
application switching command, when the position coordinates within button 56, 59, or the like,
in FIG. 5 has been inputted (YES in Step S712), the evaluation will be that of an application
switching operation, and the process advances to Step S713. On the other hand, if some other
position coordinate is inputted (NO in Step S712), the process advances to Step S714.

[0131]

In Step S713, the post-processing character string is extended. In the first embodiment, the
configuration is such that inputting of the handwritten character input utility program is
continued even if the application is switched. This is envisioning a case wherein there will be a
request to change the application during inputting. Because of this, a post-processing
continuation instruction is sent to the post-processing unit 34 to wait for input.

[0132]

In Step S714, an evaluation is carried out whether or not there is a call for a kana-kanji
converting process.
[0133]

If a position coordinate within the button 62 in FIG. 6 is inputted (YES in Step S714), then the
evaluation is that of a kana-kanji converting process, and the process advances to Step S715. If
some other position coordinate is inputted (NO in Step S714), the process advances to Step
S716.

[0134]

A kana-kanji converting process is executed in Step S715. The kana-kanji converting process
itself may be one of a variety of kana-kanji converting processes that have been carried out
conventionally, and thus detailed explanations thereof are omitted. Explaining simply, when text
has been inputted into the input character buffer area 61, for example, when the hiragana of " C
/v & " has been inputted, kana-kanji conversion is carried out on that character string, to convert
into "x4%", or the like. When this kana-kanji converting process is executed, a process is carried
out to convert from the inputted character string into a character string with different character
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codes. Because of this, the character string post-processing completed flag is set here for the
post-processing unit 34, because it would be meaningless to continue with the post-processing.
[0135]

Whether or not there has been a call to insert the character string is evaluated in Step S716. If a
command, or the like, for inserting a character string has been produced through a user
instruction (YES in Step S7164), the process advances to Step S717. The same process as in Step
S715 is executed in this Step S717. On the other hand, if some other position coordinate is
inputted or there is a different event (NO in Step S716), the process will be terminated.

[0136]

The processes explained thus far make it possible to control the continuation or cancellation of
the post-processing, which is the processing of the character string units of handwritten
characters, depending on the inputting process or editing process for each of the handwritten
character inputs.

[0137]

Note that the sequence of the various evaluations shown in FIG. 7 (Step S702, Step S704, Step
S706, Step S708, Step S710, Step S712, Step S714, and Step S716) is not limited to the sequence
depicted in FIG. 7, but rather the sequence may be varied depending on the application and the
purpose.

[0138]

The handwritten character recognition process will be explained next using FIG. 8.
[0139]

FIG. 8 is a flowchart depicting a handwritten character recognition process according to the
first embodiment according to the present invention.
[0140]

Note that when the handwritten character recognition process is started, the work areas, and the
like, in the RAM 7, used by the processes, are first initialized, and these processes are executed
primarily by the handwritten character recognition unit 35. For the position coordinate data for
the strokes for a single character that is to be recognized, stroke data that is inputted into the
respective areas, through areas 67a and 67b in the handwritten character input area 67 of FIG. 6,
are inputted as stroke data for a single character.

[0141]

In Step S902, the stroke data for a single character is read into a work area. For example, stroke
data for a single character, would consist of stroke data for a single stroke if a single-stroke
character. If a character of two or more strokes, it would consist of a plurality of stroke data for
individual strokes. The stroke data for a single stroke starts from, for example, XY position
coordinate data for a starting point, which determines the position thereof, with XY position
coordinate data following the shape of the stroke, continuing to the XY position coordinate of the
endpoint. Given this, feature points (distinctive feature data) are extracted through performing
normalization of the position coordinate data using a conventional algorithm.

[0142]

In Step S903, a recognition process is executed on the stroke data that has been obtained,
where candidate characters (character codes) that are the recognition results are stored in the
RAM 7. Here a matching process is carried out between the distinctive feature data for the stroke
data, extracted in Step S902, and reference character dictionary data of the recognition
dictionary. Given this, the character codes, and the values for the degree of matching (the
evaluation values), corresponding to the reference character dictionary data that have the highest
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degrees of matching, are stored as the recognition results, where character codes corresponding
to the reference character dictionary data that have sequentially the highest degrees of matching
are stored as recognition result candidates.

[0143]

In Step S904, the recognition result candidates are saved into the post-processing unit 34. That
is, the character codes and evaluation values of the recognition results that were stored in Step
S903 are saved into the post-processing unit 34. The post-processing unit 34 stores the character
codes, and the evaluation values thereof, that are the recognition results that were recognized
sequentially.

[0144]

Here the explanation will be for a case wherein the handwritten character " T.35" has been
inputted. First the first candidate character in the recognition result for " I.", by the handwritten
character recognition unit 35, is " L.," and the evaluation value is 100, where the second
candidate character is "", with an evaluation value of 100, and the third candidate character is "
=", with an evaluation value of 90.

[0145]

Next the first candidate character for the recognition result for "£3" is "#5", with an evaluation
value of 98, where the second candidate character is "35", with the evaluation value for the
degree of matching being 96.

[0146]

In this case, in the post-processing unit 34 the chain probabilities for the character strings
combining these candidates are calculated using a dictionary for post-processing. The
combinations are, for example, " L", " L", """, "=&", "= 8", "=35". Given this, the
post-processing unit 34 determines the candidate character string with the highest chain
probability among these accommodations.

[0147]

In Step S905, the candidate character string is read out from the post-processing unit 34.
[0148]

As described above, when " T.353", is inputted as the handwritten characters, then even if the
recognition results by the handwritten character recognition unit 35 are " T.£5", the process in the
post-processing unit 34 in Step S904 will determine that the candidate character string with the
highest chain probability is " T.%3," so " T.35" is read out as the candidate character string for the
handwritten character. In this case, here the " T.#5" that is the recognition result by the
handwritten character recognition processing unit 35 may be replaced with " T.35".

[0149]

In Step S906, the recognition result is displayed. For example, the " T.5;" is produced as the
initial recognition result will be displayed in the input character buffer area 61 of FIG. 6, with "
T.&5" through the process in Step S905.

[0150]

When this series of processes is explained as a time series, when first " I." is inputted and then
the first stroke of the next character, ;" is inputted, at that instant the recognition result of " T."
by the handwritten character recognition unit 35 for the " I." that has been inputted will be
displayed in the input character buffer area 61.

[0151]
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Next, when the character "3" is inputted, and is confirmed through, for example, the character
cutoff time, recognition by the handwritten character recognition unit 35 is started on the "43",
and if the first-ranked recognition result is "#5", the display will be " T.#5" as the recognition
result in the input character buffer area 61.

[0152]

Next the candidate character string that has the highest chain probability, for a combination
among the recognition candidates by the handwritten character recognition unit 35, is
recognized, and if that candidate character string is " T.37," then the " T.£5" of the display of the
input character buffer area 61 will be replaced with " T-35;" by the post-processing unit 34.

[0153]

Moreover, if the user instruction that is inputted next is, for example, the handwritten character
"723", then post-processing is executed with " T.35;723" as the subject for post-processing, as the
inputted character string.

[0154]

On the other hand, if the " T.35" post-processing result was not the intended recognition result,
and there is an instruction for a candidate change process to another candidate, an instruction for
a single-character deleting process, or the like, then the character string at that instant is handled
as a confirmed character string, and continuation of the post-processing is terminated (that is, the
character string post-processing completed flag is set at that instant). Thereafter, the handwritten
character that is inputted next will be handled as the first character to be subjected to post-
processing (in which case the character string post-processing completed flag is cleared).

[0155]

Thereafter, the handwritten character recognition process is terminated. Here the stroke data
that was stored for the individual character is erased, and the work area, and the like, is released.
[0156]

As explained above, a post-processing continuation determination unit for evaluating whether
or not to continue post-processing on a character string that has been inputted, based on the
process type that is determined by an instruction input from the user, is provided through the first
embodiment. This makes it possible to achieve a handwritten character recognition environment
wherein character input and editing operations are carried out naturally without the user having
to be aware of continuing or confirming the post-processing on the inputted character string (that
is, without having to execute an operation to designate breaks in the post-processing unit). This
enables a handwritten character recognition environment wherein the user can input the intended
text easily.

[0157]
<EMBODIMENT 2 >

While in the first embodiment the explanation was for a case wherein the character string that
is subjected to post-processing is handled as recognition results of handwritten characters, in
normal mobile information devices there are many cases wherein text character strings copied
from other applications are inserted, rather than handwritten character input. In such cases there
will be mixtures, in a single text, of inserted text character strings and characters that are
recognition results for handwritten characters. In this case, with handwritten character
recognition devices that have existed in the past, post-processing cannot be carried out in such a
state.

[0158]

Exhibit 1005
Page 24 of 73



JP 2006-323502 A November 30, 2006
(24)

Given this, the second embodiment adds an insertion unit 101 (FIG. 9), for inserting a inserted
text character string into the post-processing unit 34, in addition to the structures of the first
embodiment. Through this, it is possible to achieve good efficiency in post-processing in a state
wherein there is a mixture, in a single character, of an inserted text character string and
characters that are the results of recognition of handwritten characters.

[0159]

Note that an inserted text character string refers to, for example, a character string that has been
copied from an arbitrary application, a character string that has been inputted in the past, or a
character string wherein hiragana, after handwriting recognition, has been subjected to kana-
kanji conversion.

[0160]

The functional structure of the mobile information device according to the second embodiment
will be explained first using FIG. 9.

[0161]

FIG. 9 is a diagram depicting the functional structure of the mobile information device
according to the second embodiment according to the present invention.
[0162]

Note that those structures that are identical to those of FIG. 3 of the first embodiment will have
identical reference numbers applied thereto, and detailed explanations thereof will be omitted.
[0163]

As described above, in the second embodiment there is an insertion unit 101 in order to insert
an inserted text character string into the post-processing unit 34. This insertion unit 101 is a
processing unit that is called when a text character string, from another application program or
that has been stored in the past, is to be inserted into the input character buffer area 61 within the
handwritten character input utility program of FIG. 6.

[0164]

The insertion unit 101 executes a process for handling, as character strings that are subject to
post-processing, candidate character strings that are the result of recognition of handwritten
characters, and text character strings that have been inserted, inputted into the input character
buffer area 61. The processed candidate character string during is sent to the post-processing unit
34.

[0165]

A specific example of a character recognition process according to the second embodiment will
be explained next using FIG. 10 through FIG. 12,

[0166]

FIG. 10 through FIG. 12 are diagrams for explaining a specific example of a character
recognition process according to the second embodiment according to the present invention.
[0167]

FIG. 10 through FIG. 12 depict examples of display screens when using the handwritten
character input utility program on a word processor application.

[0168]

In FIG. 10, 111 depicts a text input area for the word processor application. 112 is a display for
displaying, conceptually, a text character string that is inserted into the post-processing unit 34.
A state is depicted wherein the characters "#iTi" are stored in a clipboard area (a storage area
secured by the operating system in the internal memory) for text that is a function of the
operating system on which the word processor application runs.
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[0169]

FIG. 11 depicts a state wherein the character string for the characters "#{ i has been inserted,
from the state in FIG. 10, into the input character buffer area 61. Moreover, FIG. 12 depicts a
state wherein a handwritten " " is inputted after the character string of "> 3L 7= i DFC
& %" in the input character string buffer area 61 of FIG. 11.

[0170]

The insertion process (which has been added) for inserting, into the post-processing unit 34,
the character string that was inserted, by the insertion unit 101, will be explained next using FIG.
13.

[0171]

FIG. 13 is a flowchart depicting the insertion process in the second embodiment according to
the present invention.
[0172]

Note that the transitions between states in FIG. 10 through FIG. 12 will also be explained
following this flowchart.
[0173]

A character string is selected through a conventional operation, using a menu, operating keys,
or the like, in another application, or the like, and copied into a specific storage area (a system
character string storage area).

[0174]

Following this, the character string that has been stored in the specific storage area (the system
character string storage area) is inserted, through an instruction, such as through a command or a
menu, or the like, at a location wherein a text cursor is displayed.

[0175]

The process thus far is an ordinary process in a typical computer or mobile information device,
so will not be explained in detail.
[0176]

The cursor is moved to after the "2 4>417=" in the character string of the "&b 7- DFLIE %
" in the input character buffer area 61 of FIG. 10, and there is an instruction to insert there the "
#L " that is stored in the system character string storage area.

[0177]

When there is a command for insertion, on the screen the character string will be "< #17= D
FCIE %" of the input character buffer area 61 of FIG. 11. Note that the actual text insertion
process is the same process as with a conventional mobile information device.

[0178]

This process is executed primarily by the insertion unit 101. In executing this process, the work
area in the RAM 7 that is used by this process, and the like, is initialized.
[0179]

Following this, in Step S142, a stored text character string that is subject to insertion (the
insertion text character string) is read into the system character string storage area. For example,
the character codes for the insertion text character string "4 1", shown in FIG. 10, for example,
are stored in the RAM 7. Additionally, location information is stored for the position of the
cursor when the insertion instruction is issued.

[0180]

Exhibit 1005
Page 26 of 73



JP 2006-323502 A November 30, 2006
(26)

In Step S143, a processing operation for processing the character string data into the same
structure (format) as the character data that is processed by the post-processing unit 34 is
executed in order to insert the insertion text character string, as a confirmed character string, into
the post-processing unit 34. The character string data processed by the post-processing unit 34
(the post-processing character string data) is structured from a character code and an evaluation
value. Given this, the insertion text character string is originally defined as character codes, and
thus, in this processing operation, post-processing character string data is created after setting,
for these character codes, the evaluation values to the maximum score of 100.

[0181]

For example, explaining for the case of "# 1", post-processing character string data of (the
character code for "#5" with the evaluation value 100, and the character code for """ with the
evaluation value 100) is created, and outputted together with the data for the position of the
cursor, to the post-processing unit 34.

[0182]

Thereafter, a process is executed to release the work area, and the like, used by this process,
terminating the process.
[0183]

The post-processing unit 34, based on the location information that indicates the position of the
insertion cursor, evaluates the insertion position for the post-processing character string data that
corresponds to the insertion text character string. Given this, based on the evaluation result the
post-processing character string data is inserted at a data position corresponding to the cursor
position in the post-processing character string storing area of the post-processing unit 34.

[0184]

For example, explaining the case in FIG. 10 and FIG. 11, the cursor is at a position to the right
of "7=" in the "KL 7= DFLIE %" character string. Because of this, the cursor position is to the
right of the fourth character, so the data for the insertion cursor position is 4, indicating the
fourth character.

[0185]

If the "o 7= DFEE %" character string in FIG. 10 is the result of recognition in a
handwritten character input, then the data for "2<", which is the first character in post-processing,
is structured from the first candidate K" with the evaluation value of 98 thereof, and the second
candidate "/&" with the evaluation value 90 thereof. Thereafter, similarly, the "7=" that is the
fourth character, for example, is the first candidate "7-" with the evaluation value 97 thereof, the
second candidate "E" with the evaluation value 60 thereof, and the third candidate "K" with the
evaluation value 59 thereof. Moreover, the fifth character " " is the first candidate " " with the
evaluation value of 97 thereof, the second candidate "0" with the evaluation value 80 thereof, and
a third candidate "0™ with the evaluation value 78 thereof.

[0186]

For the post-processing character string data that is in this state, the "&[" character code and
with evaluation value 100 thereof, and "i" character code with the evaluation value 100 thereof,
are inserted. Because here the insertion position is after the data for the fourth character, the
insertion will be after the third candidate "J<" that is the last data for the fourth character "7=",
where the data is the first candidate "#f" with the evaluation value 100 thereof.

[0187]
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Following this, the sixth character will be "i", where the data thereof is the first candidate "7
" with the evaluation value 100 thereof. The seventh character will be "?", with the data thereof
being the first candidate " " with the evaluation value 97 thereof, the second candidate "0" with
the evaluation value 80 thereof, and the third candidate "o" with the evaluation value 78 thereof.
The data thereafter follows sequentially from there.

[0188]

The content of the post-processing character string data that is to be processed by the post-
processing unit 34 is updated as described above. That is, here, post-processing character string
data is generated in a state wherein a character as a result of handwritten character recognition
and an inserted text character string are mixed in one sentence.

[0189]

An example of inputting handwritten characters after the post-processing character string data
has been updated will be explained next using FIG. 12.

[0190]

In FIG. 12, when the handwritten character "&£\ " is inputted into regions 67a and 67b for the
handwritten character input 67, then, in the same process explained in the first embodiment, a
handwritten character recognition process is executed first. In this case, a first candidate "&"
with the evaluation value 98 thereof, a second candidate """ with the evaluation value 67
thereof, are obtained for the recognition result for the "£" and the first candidate "\ »" and the
evaluation value of 95 thereof and the second candidate " " and the evaluation value 90 thereof
are obtained for the recognition result for "\ ",

[0191]

When the handwritten " /& \" is inputted, the post-processing character string data in the post-
processing unit 34 will be "o 7= EB T D ELIE A", where the cursor position for inserting the
recognition result of the handwritten character will be after the " %",

[0192]

In this case, the data for the first candidate "/£" (evaluation value = 98) and second candidate "
FE" (evaluation value = 67), before the "/&", and the first candidate "\ " (evaluation value = 95)
and the second candidate " " (evaluation value = 90) for the recognition result for "\ " will be
inserted after the first candidate "% " (evaluation value = 96) and the second candidate "&"
(evaluation value = 77) for the "% " that is the 10th character in the post-processing character
string data.

[0193]

Based on the post-processing character string data that has been processed in this way (the "%
biv- & o E &2 E v, the post-processing explained in the first embodiment is
performed to replace the displayed candidate for the recognition candidate, and is displayed in
the input character buffer areas 61.

[0194]

Explaining briefly the post-processing on the post-processing character string data thereafter,
in the "L 7= #B T D L& % U post-processing character string data, the "J<ioiu7=", "52
fE&", and "JEu\" are subject to the processing because they are the recognition results for
handwritten inputs, and there are sets of character codes, comprising a plurality of candidates for
each, where "# 37" is inputted as an inserted text character string data, so there is only a single
character code for a single character.
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[0195]

That is, the post-processing character string data is produced as a combination of character
string (character code) candidate strings, as depicted in FIG. 14. Additionally, the post-
processing unit 34 determines, based on the post-processing dictionary for chain probabilities,
the candidate character string that has the highest chain probability. Note that for the method of
calculating the chain probabilities a conventional well-known method may be used, so the
explanation thereof will be omitted here.

[0196]

As explained above, the provision of the structure, in the second embodiment, for inserting a
handwritten character into a character recognition result editing (confirming) region (input
character buffer region) for input enables insertion of a text character string that is generated by
another application, or a text character string that is stored in a system character string storage
area, during the process of inputting a handwritten character string.

[0197]

Through this, it is possible to provide an information processing device equipped with a
handwritten character recognition function that enables post-processing to function, without
problems, for character strings that are a mixture of character strings consisting of recognition
results for handwritten character input together with text character strings that are inserted
separately.

[0198]

More specifically, even when, for example, a kanji character string through hiragana-kanji
conversion, created in a word processor, for example, is inputted after inputting a character string
that is inputted through handwriting, after which a character string is further inputted through
handwriting, post-processing for example, a chain probability calculating process in the second
embodiment, can be executed on an inputted character string as a single character string that is to
be subjected to processing. This enables post-processing to be achieved efficiently and by an
appropriate processing unit, on the character string that is intended by the user, making it
possible to provide a character recognition environment with a higher recognition rate.

[0199]

While in the above exemplary embodiments were described in detail, the present invention
may be formed as, for example, a system, a device, a method, a program, a storage medium, or
the like, and, specifically, may also be applied as a system that is structured from a plurality of
devices, and may be applied as a device that is constituted from a single device.

[0200]

Note that the present invention includes a case that is achieved by a software program for
achieving the functions of the embodiments, set forth above (a program corresponding to the
flowchart that is shown in a diagram in an embodiment), supplied either directly or remotely to a
system or device, where a computer of the system or device reads out and executes the supplied
program code.

[0201]

Consequently, in order to achieve, using a computer, the functional processes of the present
invention, the program code itself that is installed in the computer is an implementation of the
present invention, that is, the present invention includes also the computer program itself for
achieving the functional processes of the present invention.

[0202]
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In this case, insofar as it has the functions of the program, the form may be that of object code,
a program that is executed by an interpreter, script data that is supplied to an operating system, or
the like.

[0203]

The recording medium for supplying the program may be, for example, a Floppy (registered
trademark) disk, a hard disk, an optical disc, a magneto-optical disc, an MO, a CD-ROM, a CD-
R, a CD-RW, a magnetic tape, a nonvolatile memory card, a ROM, a DVD (a DVD-ROM,
DVD-R), or the like.

[0204]

Additionally, the method for supplying the program may be that of using a browser of a client
computer to connect to a webpage on the Internet, where the computer program itself of the
present invention, or a compressed file that includes an automatic installation function, may be
supplied from the webpage through downloading to a recording medium such as a hard disk, or
the like. Moreover, the embodiment may be achieved through dividing the program code that
structures the program of the present invention may be divided into a plurality of files and each
of these files may be downloaded from different webpages. That is, a web server for
downloading, for a plurality of users, program files for achieving, on a computer, the functional
processes of the present invention, is also included in the present invention.

[0205]

Moreover, the program of the present invention can also be implemented through encrypting
and storing onto a storage medium, such as a CD-ROM, and distributing to users, where a user
that satisfies prescribed conditions is allowed to download, from a webpage on the Internet, key
information for decryption, and using the key information to execute the encrypted program to
install it on a computer.

[0206]

Moreover, the functions of the embodiments, described above, may be achieved through not
only achieving the functions of the embodiments through a computer reading out and executing
the program, but also, based on instructions of that program, achieving the functions of the
embodiments described above through the operating system that runs on the computer carrying
out some or all of the actual processes.

[0207]

Moreover, the functions of the embodiments described above may be implemented through
writing, to a memory that is equipped in a function expansion board that is inserted in a computer
or a function expansion unit that is connected to a computer, a program that is read out from a
recording medium, and then, based on instructions of that program, carrying out some or all of
the actual processes by CPUs, or the like, equipped in the function expansion board or function
expansion unit.

[BRIEF DESCRIPTIONS OF THE DRAWINGS]
[0208]

FIG. 1 is a diagram depicting an example of a form of use of a character recognition device
according to a first embodiment according to the present invention.

FIG. 2 is a diagram depicting a hardware structure for a mobile information device that
functions as the character recognition device according to the first embodiment according to the
present invention.

FIG. 3 is a diagram depicting a functional structure for the mobile information device of the
first embodiment according to the present invention.
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FIG. 4 is a diagram depicting a post-processing continuation determination table of the first
embodiment according to the present invention.

FIG. 5 is a diagram for explaining a specific example of a character recognition process in the
first embodiment according to the present invention.

FIG. 6 is a diagram depicting an example of a handwritten character input screen generated by
a handwritten character input utility program according to the first embodiment according to the
present invention.

FIG. 7 is a flowchart depicting a character string post-processing continuation evaluating
process according to the first embodiment according to the present invention.

FIG. 8 is a flowchart depicting a handwritten character recognition process according to the
first embodiment according to the present invention.

FIG. 9 is a diagram depicting a functional structure for a mobile information device according
to a second embodiment according to the present invention.

FIG. 10 is a diagram for explaining a specific example of a character recognition process in the
second embodiment according to the present invention.

FIG. 11 is a diagram for explaining a specific example of a character recognition process in the
second embodiment according to the present invention.

FIG. 12 is a diagram for explaining a specific example of a character recognition process in the
second embodiment according to the present invention.

FIG. 13 is a flowchart depicting the insertion process in the second embodiment according to
the present invention.

FIG. 14 is a diagram depicting a combination string of a character string that is to be subject to
post-processing in the second embodiment according to the present invention.

[Explanations of Reference Symbols]

[0209]

1: Mobile Information Device

2: Displaying Unit

3: Stylus

4: Camera Unit

4a: CCD

5: Coordinate Inputting Unit

6: CPU

7: RAM

8: ROM

9: Media Interface

10: Keyboard

11: External Interface

12: Network Interface

13: System Bus
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[FIG. 4]
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[FIG. 5]
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[FIG. 6]
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[FIG. 8]
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[FIG. 9]
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