ON-LINE HANDWRfTT_EN CHINESE CHARACTER RECOGNITION APPARATUS

BACKGROUND OF THE INVENTION
(Field of the Invention)

5 The invention relates to the on-line deciphering of
handwritten Chinese characters based on character shapes and,
more particularly, to an on-line handwritten Chinese character
recognition apparatus which refers to a character compressed
code-sequence code reference file of an input method and

10 compares character shapes by usiné constituted radicals for
recognition.
(Description of the Related Art)
Conventional character recognition methods
generally employ a template matching method, where the outline
15 of an unknown input character is compared one at a time with
previously stored character pen ink templates. The recognition
result is the compared template with the greatest similarity
and the least difference. This technique requires the storage
of a large number of character pen ink templates in order to
20 achieve a better recognition effect. A majority of character
recognition methods use classification methods or other
comparison methods in combination with the template technique
with the aim of reducing the time that is spent when comparing
a large number of character pen ink templates. However, there
25 is still a need to store a large number of character pen ink
templates.
The feature of the invention disclosed in R.O.C.

Patent Publication No. 311201, entitled “Handwritten Chinese

9904154-3
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Character Recognition System Based On Front and Rear Radicals”
resides in that the front radicals and the rear radicals are
employed to classify Chinese characters into three major
classes, i.e., front radical plus rear remainder part of
character, rear radical plus front remainder part of character,
and single form character. A Chinese recognition system is then
established by using this classification method. Fig. 13
illustrates a block diagram of a model board establishing
portion of the system, comprising:

a Chinese character ink database 10 for storing 80 groups
of Chinese character pen ink data, each group having 5401
characters written by different people;

a Chinese character ink classifier 11 for grouping Chinese
characters based on the classification method to determine
whether they are front radical characters, rear radical
characters, or single form characters;

a radical separator 12 for separating front radical
characters into a front radical portion and a rear remainder
part of character, or for separating rear radical characters
into a rear radical portion and a front remainder part of
character;

a single form character model board generator 13 for
extracting feature points of the single form characters and for
storing sequentially these features in a single form character
model board 16 according to the number of strokes of the single
form characters;

a radical model board generator 14 for extracting features

of the front radicals and the rear radicals, and for storing
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sequentially these features in a front radical model board 17
and in a rear radical model board 18 according to the number
of strokes of the radicals; and

a remainder character model board generator .15 for
extracting features of the front remainder part of characters
and the rear remainder part of characters, and for storing
sequentially these features in a front remainder character
model board 19 and in a rear remainder character model board
20 according to the number of strokes of the remainder part of
character.

Fig. 14 illustrates a block diagram of the conventional
recognition system. The recognition system comprises:

a pre-processor 21 for removing noise signals,
smoothening, shift correction, rotary translation correction,
size normalization and desired feature extracting processing
of original pen inks;

a filter 22 for filtering selectively a possible model

board using partial features of the input pen inks;
a front radical comparator 23 for separating a possible front
radical portion from the input pen inks, for making a detailed
comparison with the sifted front radical model board, for
calculating the degree of similarity therewith, and for
recording the ten highest front radicals;

a rear radical comparator 24 for separating a possible
rear radical portion from the input pen inks, for making a
detailed comparison with the sifted rear radical model board,
for calculating the degree of similarity therewith, and for

recording the ten highest rear radicals;
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a rear remainder character comparator 25 compares the
current input strokes with those in the rear remainder
character model board whose correspondlng the front radical are
on the first 10 llst of the result of the front radical
comparator 23, and then combines the degree of similarity
acquired in the front radical comparator 23 operations and t.hat
in the current stage to gain the degree of similarity of the
current input character;

a front remainder character comparator 26 compares the
current input strokes with those in the front remainder
character model board whose corresponding the rear radical are
on the first 10 list of the result of the rear radical comparator
24, and then combines the degree of similarity acquired in the
rear radical comparator 24 operations and that in the current
stage to gain the degree of similarity of the current input
character;

a single form character comparator 27 for calculating the
degree of similarity between the sifted single form character
model board and the input pen inks; and

a winner decider 28 for arranging the degrees of
similarity after comparison and for retaining the top ten
characters with the greatest degree of similarity as the
recognition result.

Some of the drawbacks of the invention disclosed in R.O.C.
Patent Publication No. 311201, entitled “Handwritten Chinese
Character Recognition System Based On Front and Rear Radicals”
are as follows:

1. Many sets of Chinese character pen ink data (each. set
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including 5401 characters that serve as recognition parties)
are needed during the model board establishing stage and the
character recognition stage.

2. A large model board (templates) must be pre—establiShed;
thereby requiring a large amount of time.

SUMMARY OF THE INVENTION

In view of the fact that the aforementioned template
matching requires the storage of a large number of character
pen ink templates that results in waste of storage space and
template matching time, the object of the present invention is
to provide an on-line handwriting recognition apparatus based
on character shapes to reduce the storage space of character
ink templates and the matching time.

In order to overcome the aforementioned drawbacks,
the present invention provides an bn-line handwritten Chinese
character recognition apparatus having a buffer region for
temporary storage of data and an output portion, characterized
by comprising:

a radical template feature memorizing portion including
shape features of basic radicals (i. e. ,'base radicals) or
related radicals (i. e. , derived radicals) defined by an input
method based on dismantling by character shapes;

an input method reference portion founded on a con-
ventional input method based on dismantling by character shapes,
and including an input method system data file for character
compressed code and sequence code look-up information;

an exception character description portion for recording

features of exception characters to aid a post-processing
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portion in deciding a final recognition result from among
candidate characters;

an input portion including a digitizing tablet and a pen
of a conventional on-line character handwriting equipment;

a pre-processing portion for normalization and line
thinning procéssing of input handwritten character, and for
extracting features needed in character recognition for
storage in the buffer region;

a character shape dismantling portion for dismantling
character based on the features of the handwritten character
extracted by the pre-processing portion and with reference to
the radical template feature memorizing portion so as to find
the radicals that can form the handwritten character;

a comparator portion for comparing the constituted
radicals found by the character shape dismantling portion with
contents of the input method reference portion to get candidate
characters that have difference values below a threshold value;

the post-processing portion deciding the final
recognition result from among the candidate characters based
on other features of the handwritten character and with
reference to contents of the exception character description
portion, and for transferring the final recognition result to
the output portion for output.

From the foregoing construction, the on-line
handwritten Chinese character recognition apparatus of this
invention dismantles handwritten ~characters into the
constituted radicals via character shape dismantling means so

that a character compressed code and sequence code look-up
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table of a conventional input method based on dismantling by
character shapes can be used directly to obtain the recognition
result. The number of templates required for matching in the
on-line handwritten Chinese character recognition system can
be reduced, and the time for matching can be lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present
invention will become apparent in the following detailed
description of the preferred embodiment with reference to the
accompanying drawings, in which:

Fig. 1 is a system block diagram of a preferred
embodiment of this invention;

Fig. 2 is a process flowchart of a pre-processing
portidn of the preferred embodiment ofnthislinvention;

Fig. 3 is a process flowchart of a character shape
dism_antling portion of the preferred embodiment of this
invention;

Fig. 4 is a process flowchart of a comparator portion
of the preferred embodiment of this invention;

Fig. 5 is a process flowchart of a post-processing
portion of the preferred embodiment of this invention;

Figs. 6A, 6B, 6C and 6D are schematic views of the
structure of a radical template feature memorizing portion of
the preferred embodiment of this invention;

Fig. 7 is a schematic view of the structure of an
input method reference portion of the preferred embodiment of
this invention;

Fig. 8 is a schematic view of the structure of an
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exception character description portion of the preferred
embodiment of this invention;

Fig. 9 illustrates the character radical set
obtained after the character “#{” is dismantled in accordance
with the preferred embodinient of this invention;

| Fig. 10 is a schematic view illustrating the
relationship between input method character codes and sequence
codes in accordance with the preferred embodiment of this
invention;

Fig. 11 illustrates five groups of character
separation in accordance with the preferred embodiment of this
invention;

Fig. 12 illustrat'es. the radical template set of the
preferred embodiment of this invention, including twenty-four
Tsang Chi base radicals} seventy-four derived radicals, and ten
compound radicals;

Fig. 13 is a block diagram illustrating a model board
establishi_ng portion of an embodiment in the prior art; and

Fig. 14 is a flowchart of a recognition system
portion of an embodiment in the prior art.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The Tsang Chi input method based on dismantling of
characters by character shapes is the foundation of character
recognition in the preferred embodiment. The base radicals,

derived radicals and compound radicals defined in thé Tsang Chi

input method are the radical template set indicated in the

preferred embodiment, as shown in Fig. 12. According to the

structures and character composing principles of Chinese
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characters, Chinese characters are attributed in the Tsang Chi
input method into twenty-four Tsang Chi base radicals and
seventy-four derived radicals. Thereafter, based on Tsang Chi
code-retrieving rules, a Chinese character is dismantled into
5 Tsang Chi codes at most, whereby thé correct Tsang Chi codes
are inputted to obtain the correct character.

Fig. 1 is a block diagram of the preferred embodiment
of an on-line handwritten Chinese character recognition
apparatus according to the present invention. Input portion
100, such as adigitizing tablet, is provided to enable the user
to perform on-line character writing. Pre-processing portion
200 is provided to perform normalization and line thinning
processing of the handwritten characters that were inputted by
the user, and to divide each character using chafacter
separating techniques into five groups, i.e., outside-inside,
up~down, left-right, plural column, or single f_orm (see Fig.
11) . Then, the features of the character are extracted and are
stored in a buffer region 700. The extracted features include:
intersecting relationships between strokes, positions of the
strokes, start and end point directions of the strokes, the
level to which each stroke belongs, etc. The level to which
each stroke belongs is determined by the character stroke
writing sequence and the single form to which it belongs. The
buffer region 700 is used to store related data and features
of the input strokes.

Character shape dismantling portion 300 dismantles
character by comparing the character features with contents of

a radical template feature memorizing portion 350 to- get
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radical set that can be constituted from each stroke.
Thereafter, based on code retrieving rules, the codes for the
base radicals to which the radical set that can form the
character belong are picked. The radical template feature
memorizing portion 350 is used to store the features of all
radical template. A detailed construction of the same is shown
in Figs. 6A to 6D. The data for each radical template includes
the number of strokes, stroke features such as direction and
length, intersecting relationship between strokes, and the
codes of similar radical templates.

Comparator portion 400 is responsible for comparing
compressed codes corresponding to the codes of base radical to
which the radical set obtained after dismantling character
belong with the contents of an input method reference portion
450 to find sequence codes of candidate characters. The input
method reference portion 450 includes an input method system
data file for character compressed code and sequence code
look-up data, and is used to aid the comparator portion 400 in
obtaining the sequence codes of the candidate characters. A
portion of the conténts used in the present invention is shown
in Fig. 7.

Post-processing portion 500 refers to an exception
character description poftion 550 to find the final recognition
result from among the many candidate characters. The exception
character description portion 550.is a reference portion for
aiding the post-processing portion 500 in finding the final
recognition result from among the many candidate characters.

The structure of tlie exception character description portion
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550 is shown in Fig. 8. Each sequence code (which represents

one character) includes a total stroké number, and compressed

~data, with 13 as a base, and in which the stroke numbers of the

character codes that form the exception character are
compressed.

In conjunction with the structure of the
aforementioned apparatus, Fig. 2 shows a process flowchart of
the pre-processing of the input handwritten character, énd.the
extracting of features as performed by the pre-processing
portion 200. Fig. 3 shows a process flowchart of the
dismantling of input character and the selecting of the base
radical codes as performed by the character shape dismantling
portion 300. Fig; 4 is a process flowchart illustrating how
candidate characters are found by comparing compressed codes
corresponding té the base radical codes belonging to the input
character with the contents of the input method reference
portion 450 as performed by the comparator portion 400. Fig.
5 is a process flowchart illustrating how an output character
is decided from among the candidate characters as performed by
the post-processing portion 500.

As shown in Fig. 2, the pre-processing portion 200
reads point coordinates of the handwritten character in step
s201. Thereafter, normalization and line-thinning processing
of the character are performed in step s202. 1In step s203,
character separating techniques are employed to separate the
character into outside-inside, up-down, left-right, plural
column or single form. In step s204, the direction and length

features of each stroke of the character, and the intersecting
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relationship features between strokes are extracted. Finally,
in étep 8205, the extracted features are outputted to the buffer
region 700 for temporary storage.

As shown in Fig. 3, according to the stroke sequence,
each stroke feature extracted by the pre-processing portion 200
is read from the buffer region 700 in step s301. In step s302,
reference is made to the radical template feature memorizing
portion 350 in order to compare the features of the input stroke
with the features of each radical template stored in the radical
template feature memorizing portion 350 so as to find the
radical set that have a high degree of similarity with the input
stroke. In step s303, the codes of the radicals that were found
are stored in a location of that stroke in the buffer region
700. Thereafter, in step s304, the input stroke is combined
with previous strokes that intersects the same and, with
reference to the radical template feature memorizing portion
350, the shape combined is compared with the features of each
radical template stored in the radical template feature
menmorizing portion 350 in step s305 in order to find the
radicals that can be commonly formed from the strokes combined.
In step s306, the codes of the radicals found are stored in the
buffer region 700 where the relevant information about the
current strokes and the associated intersecting ones is stored.
In step 5307, the input stroke is combined with previous strokes
of the same level and, in step s308, reference is made to the
radical template feature memorizing portion 350 in order to

compare the shape combined with the features of the radical

‘templates stored in the radical template feature memorizing
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portion 350 so as to find the radicals that can be commonly
formed from the combined strokes. In step s309, the codes of
the radicéls that were found are stored in locations of the
input stroke and the previous strokes of the same level in the
buffer region 700. Since the maximum number of strokes for a
radical template is thirteen (“#”), inspection of up to only
twelve strokes is done when the step of combining with previous
strokes is performed. 1In Step s310, after inspection all
strokes, the radical set that are formed from the most number
of strokes for each stroke are found from among the information
for radical set that can be formed from each stroke in the buffer
region 700 in step s311. After the radicals that can be formed
from the most number of strokes for all of the strokes have been
found, radical set for comparison.and the codes of base radicals
belonging thereto are found for these radical set that are
formed from the most number of strokes according to code-
retrieving rules in step s312. In step s313, the codes of the
base radicals that the radicals found belong to are stored in
the buffer region 700.

The breakthrough of this invention as compared to the
prior art, e.g., the comparison technique of the comparator
portion 400 can speed up the matching speed and the reduce data
storage space, will now be described in the succeeding
paragraphs. The present invention originates in that:
different input methods may have been used in the same Chinese
system. Adifferent storage format may have also been employed.
However, the final result is that the same character font file

is read. 1In order to enable the Chinese character font file
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to adapt to these circumstances, values known as sequence codes
are generated. In the input method, compression formulas are
used to compress the codes of the _character. Reference is then .
made to an input method system reference file that includes
look-up data for compressed codes and sequence codes, ar_xd
calculations are made (adding the sequence code initial values)
to find the sequence code that corresponds to the compressed
code. These sequence codes denote the sequence of the
characters stored in each character font file. Once the
sequence codes have been obtained, the character font file can
be read to retrieve the characters, as shown in Fig. 10.
Moreover, in some input methods that are based oh dismantling
by character shapes, the code sef.s constituted for some
character are not unique. As such, different ch;racters can
have the same group of codes. Therefofe, the on-line
handwritten Chinese character recognition apparatus of this
invention performs post-processing in view of these
circumstances.

Fig. 4 describes the comparison operation flowchart
of the comparator portion 400. 1In step s401, the comparator
portion 400 retrieves the base radical codes ocutputted by the
character shape dismantling portion 300 from the buffer region
700 for comparison. In step s402, compression of the base
radical codes is performed according to the compression
formulas used in the Tsang Chi input method. Thereafter, in
step s403, reference is made to the input method reference
portion 450 to find sequence codes of character that differ from

the compressed codes by no more than a threshold value T: 1In
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step s404, it is determined whether more than one sequence codes
can be found. If yes, the character that corresponds to the
sequence code is outputted from the character font file as the
recognition result in step s405. If the sequence code of more
than one character was found, the sequence codes of the
candidate characters are stored in the buffer region 700 for
subsequent post-processing operation by the post-processing
portion 500. |

Referring to Fig. 5, in step s501, the stroke number
features of the radical set that form the candidate characters
are inputted from the buffer region 700. Thereafter, in step
s502, the post-processing portion 500 initially uses the number
5 as base for compressing the number of strokes that constitute
each ;adical of the handwritten character. In step s503, the
total stroke number of the candidate characters and the stroke
number value after compression are compared with the contents
of the exception character description portion 550 to find the
candidate character with the smallest difference. In step s504,
the character in the character font file that corresponds to
the sequence code of the character is outputted to the output
portion 600 as the recognition result.

In the example which follows, the Chinese character,
"${", is handwritten on a line to illustrate the processing of
the basic operation of the on-line handwritten Chinese
character recognition apparatus of this invention with
reference to the character shape dismantling process flowchart
of Fig. 3, the character comparing process flowchart of Fig.

4, and the character post-processing flowchart of Fig. 5. - The
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base radicals, the derived radicals, the code-retrieving rules,
the code compression method and other related principles in the
conventional Tsang Chi input method serve as the background of
the present embodiment.

After the handwritten character "#{" is inputted
using the input portion 100, step s202 is performed for
normalization and the line-thinning processing by the pre-
processing portion 200. In step s203, character separating
techniques are employed to separate the character into two left
and right sole bodies: "Z¥" and "JI\". In step s204, the
direction and length features of each stroke of the character
and the intersecting relationship features between strokes are
extracted. These features are stored in the buffer region 700
in step 205.. |

Subsequently, with reference to Fig. 3, the features
of the first stroke "—" are retrieved from the buffer region
700 in step s301. In step s302, reference is made to radical
template feature memorizing portion 350 (see Figs. 6A to 6D)
for comparing with the features of the radical template whose
stroke number is 1 to get the radical "—" that has the greatest
similarity. In step s303, the code (e.g., 13) of the radical
"—m js stored in the buffer region 700 at the location for

recording the data of the first stroke "—". Since this is the

first stroke, and since no other stroke has been inspected
beforehand, steps s304 to s309 need not be performed. The flow
proceeds once again to step s301 to retrieve the features of

the second stroke " | " from the buffer region 700. In step s302,

reference is made to the radical template feature memorizing
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portion 350 for comparing with the features of the radical
templates whose stroke number is 1 to get the radical " | " that
has the gieatest similarity. In step s303, because the radical
is a derived radical, the radical code and its base radical code
(e.g., 27, 12) of the radical " | " are stored in the buffer
region 700 at the location for recording the data of the second
stroke " | ". Then, in step s304, the second stroke is combined
with the first stroke ("—") that intersects therewith. In step
s305, reference is once again made to the radical template
feature memorizing portion 350 to compare the combined
character shape "--" with the features of the radical templates
whose stroke number are 2 to get the radical "-+" that has the
greatest similarity. In step s306, the code (e.g., 10) for "
-F" is stored in the bﬁffer regions 700 at the locations for
recording the data of the second stroke " | " and the first

stroke "—". In steps s307 to s309, the radicals that can be
formed from the combined strokes and the other strokes that were
previously inspected are found and are recorded in the buffer
region 700. The list of radical set found for all of the strokes
by performing the aforementioned steps is shown in Fig. 9.
After all of the strokes have been inspected, in step
5311, from the list of Fig. 9 of the radical set for each stroke
as recorded in the buffer 700, the radicals that is formed from
the most number of strokes is found for each stroke according
to the stroke input sequence: "F" (base radical is F, total
stroke number is 3), "F" (F, 3), "F" (F, 3), T~ (¥, 2),
“Teo(#r, 2y, 27 (B, 1), "\” (A, 1). In step s312, since

"J" can be separated into left and right sole bodies, based
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on the Tsang Chi code retrieving rules, "7]"; is first retrieved
as the left part of character. This belongs to the base radical
“F“, the base radical code of which is 17. Three codes are
retrieved for the right part of character: ™', /¥, “W~”
belonging respectively to the bése radical “ff~, “#~, “A”, the
base radical codes of which are 8, 12, 15, respectively.
Finally, in step s313, the base radical codeé 17, 8, 12, 15 are
stored in the buffer region 700.

In step s401, the comparator portion 400 retrieves
the codes from the character shape dismantling portion 300 for
comparison. In step s402, the compression formula employed in
the Tsang Chi input method is used to compress the base radical
codes: compressed code = 17 x 27'+ 12 x 27*°+ 15 x 272 + 8 x 27
+ 0. In step s403, the sequence codes of two characters, "

" and “K”, which differ from the compressed code by a value

below the threshold value T, are found by using the compressed
code to look-up the input methéd reference portion 450 and by
making calculations (adding the sequence code initial values).
In step s404, it is determined that more than one sequence code
was found, and the two sequence codes are outputted to the
post-processing portion 500 for post-processing operation.
In step s502, the post-processing portion 500
compresses the number of strokes that constitute each radical
using 13 as a base. The stroke numbers are 3 (F .. "F"), 2 (T
w M T, L (P LM, 1 (A . “\”), respectively. The value

F after compression = 3 x 13*+ 2 x 13°+ 1 x 132 + 1 x 13 + 0.

Thereafter, in step s503, the F value and the total stroke

number (7) of h_an'dwritten character are compared with the those



10

15

20

25

19

of "# " and “#k” in the exception character description portion
550, and it is determined that "#(" is the one with the least
average difference. Finally, in step s504, the character
corresponding to the sequence code of "#{" in the character font
file is outputted at the output portion 600 as the recognition
result.

The Tsang Chi input method used in the aforementioned
embodiment is but one form of environment of the present
invention. The present invention is not limited to the
aforementioned embodiment. As long as the input method is based
on dismantling by character shapes; it can be used as the
preferred environment of the present invention. The radicals
in the input method are used as the radical templates when
dismantling character in the present invention. As for the code
retrieving rules and the code compression formulas used in the
input method, these can be modified for implementation as long
as the techniques for dismantling by radical and comparing
operations remain unchénged.

With all of the character included in the Tsang Chi
input method as possible recognition parties, when the on-line
handwriting recognition apparatus of this invention founded on
the Tsang Chi radicals is in use, deciphering of handwritten
characters employing the technique can have a recognition
efficiency of up to more than 92%. Since the present invention
uses existing Tsang Chi codes for presenting relation between
radicals, storage of a large number of character pen ink
templates for recognition is not needed to lower the database

space.
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While the present invention has been described in
connection with what is considered the most practical and
pfeferred.embodiments, it is understood that this invention is
not limited to the disclosed embodiments but is intended to
cover various arrangements included within the spirit and scope
of the broadest interpretation so as to encompass all such

modifications and equivalent arrangements.
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WHAT IS CLAIMED IS:

1. An on-line handwritten Chinese character
-recognition apparatus having a buffer region for temporary
storage of data and an output portion, said apparatus
comprising:

a radical templatelfeature memorizing portion including
shape features of base radicals or derived radicals defined by
an input method based on dismantling by character shapes;

an input method reference portion founded on a
conventional input method based on dismantling by character
shapes, and including an input method system data file for
character compressed code and sequence code look-up
information;

an exception character description portion for recording
features of exception charactefs to aid a post-processing
portion in deciding a final recognition result from among
candidate characters;

an input portion including a digitizing tablet and a pen
of a conventional on-line character handwriting equipment;

a pre-processing portion for normalization and line-
thinning processing of input handwritten character, and for
extracting features needed in character recognition for
storage in the buffer region:;

a character shape dismantling portion for dismantling
character based on the features of the handwritten character
extracted.by the pre-processing portion and with reference to
radical template feature memorizing portion so as to find the

radicals that can form the handwritten character;

* c - L M s *
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a comparator portion for comparing the constituted
radicals found by the character shape dismantling portion with
contents of the input method reference portion to get candidate
characters that have difference values below a threshold value;

the post-processing portion deciding the final
recognition result from among the candidate characters based
on other features of the handwritten character and with
reference to contents of the exception character description
portion, and for transferring the final recognition result to

the output portion for output.
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