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(54) CHARACTER CORRECTION DEVICE, CHARACTER CORRECTION METHOD, AND PROGRAM

(57) Provided is a character correction device with
which indistinct areas of written characters are rendered
clear. The character correction device is provided with:
a character detection unit which detects, from the line
width of lines detected in an input image, whether the
image is a character; a character-tip detection unit which
detects, from among each contour pixel of the lines de-
tected in the input image, contour pixels indicating char-
acter tips; and a character correction unit which uses a
pixel-value threshold value to binarize pixel values of
tip-neighbouring pixels neighbouring the contour pixels
indicating the character tips detected by the character-tip
detection unit, determines that the tip-neighbouring pix-
els are pixels configuring the character if the tip-neigh-
bouring pixels are at least the threshold value, and per-
forms character correction.
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Description

[Technical Field]

[0001] The present invention relates to a character cor-
rection device, a character correction method, and a pro-
gram performing a binarizing process.

[Background Art]

[0002] In characters handwritten with a pen or a pencil
by a human, the shading or thickness of line segments
configuring a character are not uniform but vary. Gener-
ally, when a character including such thin or narrow parts
is read by a character recognition device performing OCR
(Optical Charactor Recognition), the shape of the char-
acter does not correctly recognized due to the existence
of the faint part in the character, and a problem that rec-
ognition precision decreases occurs. To solve the prob-
lem, there is a technique for restoring a faint part in a
character (refer to PTL1).
[0003] For example, PTL1 describes a technique of
detecting tips of line segments constituting a character,
selecting a pair of tips which are generated due to a faint
part from the detected tips, and connecting the tips to
restore the faint part. In this technique, a threshold is
provided in advance so that tips which are not generated
by a faint part are not connected and, when the distance
between tips is equal to or less than the threshold, the
tips are recognized as those generated due to the faint
part. PTL1 also describes, as a faint-part restoring meth-
od, a method of obtaining an average character width of
characters to be recognized and connecting tips with a
straight line whose line width is the character width.

[Citation List]

[Patent Literature]

[0004] [PTL 1]: Japanese Unexamined Patent Appli-
cation Publication No. H06-052356

[Summary of Invention]

[Technical Problem]

[0005] As a method for restoring a faint part in a char-
acter, as well as the method as described in PTL1, a
method for locally performing a binarizing process (here-
inbelow, local binarizing method) is known. The local bi-
narizing method is a method for changing level of a
threshold of binarization so that a predetermined pixel in
an image with low contrast such as the faint part in the
character and its periphery are distinguished.
[0006] In the local binarizing method generally used,
usually, an image is divided into some images and then
the divided images are binarized. However, when the
local binarizing method is simply used for the divided

images, parts with low contrast not only the faint part in
the character but also a pattern in background and a
shaded part are also objects of binarization, and those
parts become noise at the time of recognizing the shape
of the character. From this reason, there is a problem
that only by the local binarizing method, the intended
purpose of correctly recognizing the shape of a character
by making only the faint part in the character conspicuous
by binarization may not be achieved.
[0007] An object of the present invention is therefore
to provide a character correction device, a character cor-
rection method, and a program which solve the above-
described problem.

[Solution to Problem]

[0008] The present invention provides a character cor-
rection device including: a character detection unit de-
tecting whether an input image is a character based on
line width of a line detected in the image; a tip detection
unit detecting a contour pixel indicating a tip of the char-
acter in contour pixels of the line detected in the input
image; and a character correction unit binarizing, a pixel
value of a tip adjacent pixel using a threshold, the tip
adjacent pixel being adjacent to the contour pixel indi-
cating the tip of the character detected by the tip detection
unit, and, when the tip adjacent pixel is equal to or larger
than the threshold, determining that the tip adjacent pixel
is a pixel as a component of the character to correct the
character
[0009] The present invention provides a character cor-
rection method including: detecting whether an input im-
age is a character based on line width of a line detected
in the image; detecting a contour pixel indicating a tip of
the character in contour pixels of the line detected in the
input image; and binarizing a pixel value of a tip adjacent
pixel using a threshold of the pixel value, the tip adjacent
pixel being adjacent to the contour pixel indicating the tip
of the character detected, and, when the tip adjacent pixel
is equal to or larger than the threshold, determining that
the tip adjacent pixel is a pixel as a component of the
character to correct the character.
[0010] The present invention provides a program for
making a computer of a character correction device func-
tion as: a character detection unit detecting whether an
input image is a character based on line width of a line
detected in the image; a tip detection unit detecting a
contour pixel indicating a tip of the character in contour
pixels of the line detected in the input image; and a char-
acter correction unit binarizing a pixel value of a tip ad-
jacent pixel using a threshold of the pixel value, the tip
adjacent pixel being adjacent to the contour pixel indi-
cating the tip of the character detected by the tip detection
unit, and, when the tip adjacent pixel is equal to or larger
than the threshold, determining that the tip adjacent pixel
is a pixel as a component of the character to correct the
character.
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[Advantageous Effects of Invention]

[0011] The present invention produces an effect that
a faint part in a handwritten character becomes clear.

[Brief Description of Drawings]

[0012]

Fig. 1 is a diagram illustrating the minimum config-
uration of a character correction device in a first ex-
emplary embodiment of the present invention.
Fig. 2 is a diagram illustrating a specific configuration
of the character correction device in the first exem-
plary embodiment of the present invention.
Fig. 3 is a diagram for describing outline of processes
of the character correction device in the first exem-
plary embodiment of the present invention.
Fig. 4 is a first diagram illustrating a process flow of
the character correction device in the first exemplary
embodiment of the present invention.
Fig. 5 is a diagram illustrating a process of determin-
ing an object is a character by the character correc-
tion device in the first exemplary embodiment of the
present invention.
Fig. 6 is a second diagram illustrating a process flow
of the character correction device in the first exem-
plary embodiment of the present invention.
Fig. 7 is a diagram illustrating a process of detecting
the tip of a character by the character correction de-
vice in the first exemplary embodiment of the present
invention.
Fig. 8 is a third diagram illustrating a process flow of
the character correction device in the first exemplary
embodiment of the present invention.
Fig. 9 is a diagram illustrating an example of a proc-
ess result of the character correction device in the
first exemplary embodiment of the present invention.

[Description of Embodiments]

<First Exemplary Embodiment>

[0013] Hereinafter, a character correction device in an
exemplary embodiment of the present invention will be
described with reference to Figs. 1 to 9.
[0014] Fig. 1 is a diagram illustrating the minimum con-
figuration of a character correction device in a first ex-
emplary embodiment. In the diagram, reference numeral
1 indicates a character correction device. As illustrated
in Fig. 1, a character correction device 1 includes a char-
acter detection unit 10, a tip detection unit 20, and a char-
acter correction unit 30.
[0015] The character detection unit 10 has the function
of inputting image data and detecting whether an image
corresponding to the image data indicates a character.
The tip detection unit 20 has the function of detecting the
tip of a character in the image data which is determined

as a character by the character detection unit 10. The
character correction unit 30 has the function of correcting
a faint part in the character in the vicinity of the tip of the
character detected by the tip detection unit 20.
[0016] Fig. 2 is a diagram illustrating a specific config-
uration of the character correction device in the first ex-
emplary embodiment.
[0017] As illustrated in Fig. 2, the character correction
device 1 includes a camera 101, a binarization process-
ing unit 102, a contour pixel tracing unit 103, the character
detection unit 10, the tip detection unit 20, and the char-
acter correction unit 30. The camera 101 is an imaging
device which captures an image including a character as
an object to be recognized. The binarization processing
unit 102 has the function of binarizing an image captured
by the camera 101 and outputting a result as a simple
binarized image. Usually, in the simple binarized image
obtained by capturing a character handwritten on a paper
sheet by the camera 101, performing the binarizing proc-
ess on the image captured by the binarization processing
unit 102, and outputting the resultant image, black pixels
constitute a character and white pixels constitute back-
ground. Hereinafter, such a collection of a black image
will be referred to as an "object".
[0018] The contour pixel tracing unit 103 has the func-
tion of receiving the simple binarized image output from
the binarization processing unit 102, tracing pixels con-
stituting the contour line of the object in the binarized
image (hereinbelow, contour pixels) one by one in one
direction (for example, in the counterclockwise direction)
by using a generally-known boundary following method,
extracting information of the contour pixels, and output-
ting the extracted information of the contour pixels.
[0019] The character detection unit 10 has the function
of detecting character width from the information of the
contour pixels and determining whether the object is a
character. Specifically, the character detection unit 10
has the function of checking whether each point of the
contour pixels is a part of the contour pixels constructing
a width of an object which seems to be a character with
another point and, when at least predetermined number
of points constituting such width exists in the contour pix-
els, determining whether the object is a character. Hand-
written characters are generally written by using a pencil
or a pen which is commercially available, and the width
of the character written by using those writing tools lies
within a predetermined range. In the exemplary embod-
iment, the character detection unit 10 focuses on such
characteristics and the characteristics are used for de-
termination whether an object is a character.
[0020] The tip detection unit 20 has the function of fo-
cusing on a change in a contour tracing direction when
the contour line of an object is traced in one direction
using a certain point on the contour pixels as a start point
from information of the contour pixels, when the contour
following direction changes by predetermined angle or
larger, estimating the tip of a character exists in the vi-
cinity of pixels along the contour following direction, and
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detecting the tip of the character. Specifically, the tip de-
tection unit 20 checks whether there is a part where the
travel direction at the time of following the contour pixels
turns by 180 degrees or larger in the object determined
as a character by the character detection unit 10. When
there is such a part, the tip detection unit 20 estimates
that there is a tip in the vicinity of the pixels along the
contour following direction and further performs a proc-
ess of determining whether the part is the tip of a char-
acter. When the tip of a character is detected, the tip
detection unit 20 outputs information indicating pixels
around the tip.
[0021] The character correction unit 30 has the func-
tion of performing a binarizing process for pixels around
the tip of a character in the simple binarized image. The
character correction unit 30 adjusts the threshold of bi-
narization so that, by performing binarization, a back-
ground pixel adjacent to a pixel as a component of the
tip of the character becomes an object, not background,
and performs the binarizing process again. By the above,
an effect that only the tip of the character is extended
according to density of the pixels around the tip is ob-
tained.
[0022] When those processes are repeated, the line
segments in the character which are disconnected in the
faint part are connected, and the character is restored.
[0023] Fig. 3 is a diagram for describing outline of proc-
esses of the character correction device in the first ex-
emplary embodiment.
[0024] Fig. 3 illustrates a part of a character which is
disconnected only by simply performing binarization in
the faint part. The areas indicated by circles (a) and (b)
in Fig. 3 are tip parts in a character which are generated
due to the faint part in the character. In the exemplary
embodiment, by detecting such tip parts in the character
and binarizing the periphery based on a proper threshold,
the faint part in the character is highlighted and the char-
acter is restored.
[0025] (c) in Fig. 3 is a diagram for describing an 8-
direction chain code. The 8-direction chain code is a
method for indicating a connection of two adjacent con-
tour pixels by vectors in eight directions of up, down, left,
right, upper right, lower right, upper left, and lower left.
For example, it is assumed that numbers are associated
with the eight directions as illustrated in (c) in Fig. 3. In
the case of tracing the contour of the object in the region
indicated by (d) in Fig. 3 using the pixel in (e) in Fig. 3 as
the start point in the arrow directions illustrated in the
diagram, the contour can be traced in the directions of
3, 2, 3 ... Since the chain code indicates the positional
relation of adjacent pixels by a direction, the curve and
the direction of a line segment can be recognized by using
information on the chain code.
[0026] In the exemplary embodiment, the numbers as-
signed to the contour pixels of the character illustrated
in Fig. 3 will be referred to as sequence numbers. The
sequence numbers are numbers assigned by being add-
ed one by one in order of tracing the contour pixels when

the contour pixels are traced by using a general contour
tracing method from a certain point of the contour pixel
as the start point. The sequence numbers are used for
determination of whether an object is a character and
detection of the tip part of a character, and a contour pixel
assigned with sequence number "i" is described as Si.
[0027] D indicated in (f) in Fig. 3 denotes Euclidean
distance between contour pixels S7 and S30. Distance
Di-j between a contour pixel Si and a contour pixel Sj is
obtained, when coordinates of Si and Sj are described
as (Xi, Yi) and (Xj, Yj), respectively, as square root of (Xj-
Xi)2 + (Yj-Yi)2.
[0028] Fig. 4 is a first diagram illustrating a process
flow of the character correction device in the exemplary
embodiment.
[0029] Using the process flow of Fig. 4, a process of
correcting a faint part in a character by the character cor-
rection device 1 will be described.
[0030] First, the camera 101 captures an image to be
corrected and outputs the captured image to the binari-
zation processing unit 102 (step S1). The binarization
processing unit 102 binarizes the input image and out-
puts a simple binarized image (step S2). The contour
pixel tracing unit 103 receives the simple binarized image
and outputs information of contour pixels of an object
(step S3). The information of the contour pixels is infor-
mation that a set of a chain code, sequence number, and
coordinates of each of pixels using a predetermined po-
sition in an image as the origin is held for each of pixels
constituting the contour pixels. The character detection
unit 10 receives the information of the contour pixels and
determines whether the object is a character (step S4).
The method for determining whether an object is a char-
acter will be described later with reference to Figs. 5 and
6. When the character detection unit 10 determines that
the object is not a character, the character detection unit
10 finishes the process flow. When the character detec-
tion unit 10 recognizes that the object is a character, the
tip detection unit 20 receives the information of the con-
tour pixels, detects the tip of the character (step S5), and
outputs pixel information of the tip of the character. The
method for detecting the tip of a character will be de-
scribed later with reference to Figs. 7 and 8.
[0031] The character correction unit 30 receives pixel
information of the tip of the character and performs again
the binarizing process on the image output in step S1.
The character correction unit 30 specifies pixels adjacent
to the tip of a character based on the input pixel informa-
tion and, for the tip adjacent pixels, performs a binarizing
process determining whether the tip adjacent pixels are
a character or background by using a threshold lower
than the threshold of binarization used in step S2 (step
S6). That is, the character correction unit 30 performs
the binarizing process while locally changing the thresh-
old also on a pixel which is adjacent to the tip of a char-
acter and is recognized as a background image not an
object in the binarization of step S2, so that the pixel is
recognized as an object. The tip adjacent pixel may be
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not only pixels in direct contact with the pixels construct-
ing the tip of a character in a simple binarized image but
also pixels adjacent to them. The character correction
unit 30 outputs a corrected binarized image as a result
of performing the process. As a result of the process, an
effect that the tip part of a character extends according
to a pixel value (density of a pixel) is obtained.
[0032] The character correcting process is performed
once as described above. However, even the local bina-
rization correction is performed only once, a sufficient
effect is not always obtained. In the exemplary embodi-
ment, the processes from step S3 are repeatedly per-
formed. The reason why the processes are repeated from
step S3 is that, by performing step S6, the tip is extended
and the contour of the character is changed.
[0033] That is, the character correction unit 30 deter-
mines whether the character correction using the local
binarization in step S6 was repeated by predetermined
number of times (step S7). When the correction was not
performed by the predetermined number of times, the
contour pixel tracing unit 103 receives the corrected bi-
narized image and performs the process of step S3.
When the character correction using the local binariza-
tion was performed only by the predetermined number
of times, the character correction unit 30 finishes the
process flow.
[0034] Fig. 5 is a diagram illustrating a process of de-
termining whether an object is a character by the char-
acter correction device in the first exemplary embodi-
ment.
[0035] The method for determining whether an object
is a character by the character detection unit 10 in above-
described step S4 will be described in more detail with
reference to Fig. 5.
[0036] First, a method for measuring line width of an
object will be described. As described above, the contour
pixel tracing unit 103 traces contour pixels of the bina-
rized image and assigns sequence numbers to the con-
tour pixels in order along the trace. In Fig. 5, 80, 81, 82,...
are the sequence numbers. It is now assumed that the
sequence number of a certain pixel is set as "i" and that
of another pixel after "i" is set as "j", regardless of the
distance between the pixel Si and the pixel Sj, when j-i
is small, it can be said that the pixels are close to each
other in the order of the contour pixels. On the contrary,
when j-i is large, it can be said that the pixels are far from
each other in the order of the contour pixels. In this case,
the following rules are applied. A threshold for determin-
ing whether the absolute value of the difference between
sequence numbers (hereinbelow, called order distance)
is large or small is described as L.

<Rule 1>

[0037] When j-i≤L, the distance on the contour line be-
tween the pixels Si and Sj is close, and the distance be-
tween the pixels does not indicate line width of a char-
acter. Therefore, the distance Di-j is not measured.

<Rule 2>

[0038] When j-i>L, the distance on the contour line be-
tween the pixels Si and Sj is far, and there is the possibility
that the distance between the pixels indicates line width
of a character. Therefore, the distance Di-j is measured.
[0039] When it is assumed that L = 10, in the case
where i = 92 and j = 99, 99-92≤10, and the distance
D92-99 in Fig. 5 is not measured. When i = 92 and j =
135, 135-92>10, and the distance D92-135 in Fig. 5 is
measured. Although the distance on a contour along con-
tour pixels is set as the above-described order distance
in the exemplary embodiment, the present invention is
not limited to the case.
[0040] In the case of further measuring a distance,
whether the distance corresponds to the line width of a
character is determined. Namely, since the line width of
a commercially-available pen or the like used for a hand-
writing character lies within a specific range K, when the
minimum value of the line width of a character is set as
K1 and the maximum value is set as K2, the following
determination is made.

<Determination 1>

[0041] In the case where the distance Di-j>K2 or dis-
tance Di-j<K1, the pixel Si is determined as a part of con-
tour pixels of a large or small binarized object not within
the character size, that is, determined that it is not a target
of character recognition.

<Determination 2>

[0042] In the case where K1≤ distance Di-j ≤ K2, the
distance Di-j corresponds to the line width of a character,
and the pixel Si is determined as a part of the contour
pixels of a character.
[0043] Next, a method for determining whether an ob-
ject is a character by the character detection unit 10
based on the above-described determination criteria will
be described. The character detection unit 10 obtains the
distance Di-j between a certain contour pixel Si and each
of a plurality of contour pixels Sj satisfying the condition
of the rule 2. The character detection unit 10 extracts the
minimum distance Di-min in the distances Di-j and, when
the distance Di-min corresponds to the determination 2,
stores the distance Di-min in a memory or the like so as
to be associated with the contour pixel Si. When at least
a certain percentage of the contour pixels Si whose dis-
tance Di-min is stored in the memory or the like exists in
all of the contour pixels as a result of performing the proc-
ess on all of the contour pixels while shifting the contour
pixel Si as a target, the character detection unit 10 de-
termines that the object is a character.
[0044] Fig. 6 is a second diagram illustrating the proc-
ess flow of the character correction device in the exem-
plary embodiment.
[0045] The processes described with reference to Fig.
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5 will be described by using the flowchart of Fig. 6.
[0046] "i" and "j" indicate sequence numbers assigned
to contour pixels.
[0047] The character detection unit 10 sets an initial
value of the sequence number to "i" (step S11). The char-
acter detection unit 10 sets "i+1" as "j" (step S12). At this
time point, Si and Sj indicate adjacent pixels.
[0048] The character detection unit 10 obtains the or-
der distance between "i" and "j" and compares the thresh-
old L for determining whether the order distance of a pre-
determined sequence number is large or small with the
order distance (step S13). When the order distance is
equal to or less than L, the character detection unit 10
adds 1 to "j" (step S14) and performs the same determi-
nation again. That is, a pixel to be noted (as a target)
moves to the next pixel. On the other hand, when the
order distance between "i" and "j" is larger than L, the
character detection unit 10 calculates the distance Di-j
between Si and Sj and stores the result into the memory
(step S15). The character detection unit 10 determines
whether Sj is the final pixel (step S16). The final pixel is
the contour pixel when the noted pixel Sj makes a circuit
of the object and returns to the pixel far from Si only by
the threshold L. Since the contour pixel tracing unit 103
obtains information of the contour pixels in advance, the
character detection unit 10 can obtain the final pixel.
When Sj is not the final pixel, the character detection unit
10 adds 1 to "j" (step S14) and repeatedly performs the
process from step S13. When Sj is the final pixel, the
character detection unit 10 obtains the minimum value
Di-min from the distances Di-j for all of "j" stored in the
memory with respect to Si and stores the obtained dis-
tance Di-min into the memory (step S 17). Subsequently,
the character detection unit 10 determines whether the
distance Di-min lies within the limit range K of the line
width of a handwritten character (step S 18). When the
distance Di-min lies in the limit range K, the character
detection unit 10 determines that the pixel Si is a part of
the contour pixels of a character and stores the distance
Di-min associated with Si into a memory or table (step S
19).
[0049] When the above processes are finished on Si,
the character detection unit 10 increases the sequence
number by one, advances Si to the next pixel, and per-
forms similar processes. The character detection unit 10
repeats the process until Si makes a circuit in the object.
Specifically, when the distance Di-min does not lie in the
limit range K in step S18 or after the distance Di-min is
stored into the memory in step S 19, the character de-
tection unit 10 determines whether Si is the final pixel
(step S21). The final pixel herein is a contour pixel in a
state where the contour pixel Si as a reference of the
process makes a circuit in the object and becomes ad-
jacent to the pixel which was Si in the step S11 in the
process flow. When Si is not the final pixel, the character
detection unit 10 adds 1 to "i" (step S20), advances Si to
the next pixel, and repeats the process from step S12.
When Si is the final pixel, the character detection unit 10

calculates the ratio that the total number of the pixels Si
whose distance Di-min is stored in the memory or the
like occupies in the number of all of contour pixels and
compares the calculated ratio with a predetermined ratio
(step S22). The value of the predetermined ratio is stored
in a memory or the like. The character detection unit 10
reads the value from the memory or the like and performs
the comparison of step S22. When the total number of
pixels Si whose distance Di-min is stored exists at the
predetermined ratio or more, the character detection unit
10 determines that the object is a character (step S23).
On the other hand, when the total number of pixels Si
whose distance Di-min is stored is less than the prede-
termined ratio, the character detection unit 10 determines
that the object is not a character (step S24). After that,
the character detection unit 10 finishes the process flow.
[0050] Fig. 7 is a diagram illustrating a process of de-
tecting the tip of a character by the character correction
device in the first exemplary embodiment.
[0051] Referring to Fig. 7, the method for detecting the
tip of a character by the tip detection unit 20 in the above-
described step S5 will be described in more detail.
[0052] The tip detection unit 20 checks whether a pixel
Sj whose chain code is reversed by 180 degrees or more
from the chain code of the pixel Si exists between the
contour pixel Si and the contour pixel Sj which lies in a
predetermined interval and, when the chain code is re-
versed by 180 degrees or more, estimates that the tip of
a character exists between Si and Sj. When the contour
pixel Sj lies in the predetermined interval, the order dis-
tance between the pixels Si and Sj is equal to or less
than the threshold M.
[0053] To increase precision of the detection, a check
is made to see whether Si has line width with another
pixel. For example, at a corner of a character, there is a
case that the chain code is reversed more than 180 de-
grees between specific pixels. Only by the determination
according to a change in the chain codes, it cannot be
discriminated that the pixel Si is the tip of a character
generated due to a faint part in the character or an end
point formed according to the form of the character. Con-
sequently, when the pixel Si has the distance Di-min
which is recognized as the line width of a character as
described with reference to Fig. 5, the pixel Si is consid-
ered as a part of pixels forming a line segment having a
width which seems to be a character and it is determined
that the contour pixels between the pixels Si and Sj is
not a tip of a character.
[0054] In the case of the example of Fig. 7, the chain
code of S133 is "5" in (c) in Fig. 3, the chain code of S137
is "1", and the chain code is reversed by 180 degrees
between the pixels. Further it is assumed that the order
distance between S133 and S137 satisfies j-i<M. How-
ever, even in such a case, when the distance D92-133
corresponds to the determination 2 in the description of
Fig. 5, that is, when the distance D133-min of the pixel
S133 is stored in a memory or the like, it is determined
that the contour pixels existing between S133 and S137
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are not the tip of a character.
[0055] Fig. 8 is a third diagram illustrating the process
flow of the character correction device in the exemplary
embodiment.
[0056] The process described with reference to Fig. 7
will be described by using the flowchart of Fig. 8.
[0057] The process flow is executed when the charac-
ter detection unit 10 determines that the object is a char-
acter. "i" and "j" indicate sequence numbers assigned to
the contour pixels.
[0058] First, the tip detection unit 20 sets the initial val-
ue of the sequence number as "i" (step S31). Next, the
tip detection unit 20 sets i+1 as "j" (step S32). The tip
detection unit 20 obtains the order distance between "i"
and "j" and compares the obtained order distance with
the predetermined threshold M (step S33). The threshold
M is a value, at the time of making a search whether the
tip of a character exists between the pixel Si and the pixel
Sj whose order distance of the sequence number is not
so far, to specify the search range. Therefore, when the
order distance between "i" and "j" is equal to or larger
than M, the tip detection unit 20 does not perform a further
process on Si. When the order distance is smaller than
M, the tip detection unit 20 determines whether the chain
code of Si and the chain code of Sj are reversed by 180
degrees or more (step S35). The chain codes and infor-
mation necessary to recognize the angle between chain
codes are stored in a table or the like. By reading the
information, the angle formed by two chain codes can be
determined. When there is no change equal to or larger
than 180 degrees in the direction of a chain code, the tip
detection unit 20 adds 1 to "j" (step S34) and repeats the
process from step S33. When there is a change of 180
degrees or larger in the direction of a chain code, the tip
detection unit 20 determines whether the distance Di-min
associated with the pixel Si is stored in a memory or table
(step S36). When the distance Di-min associated with
the pixel Si is stored in a memory or the like, the tip de-
tection unit 20 adds 1 to "j" (step S34) and repeats the
process from step S33. When the distance Di-min asso-
ciated with the pixel Si is not stored in a memory or the
like, the tip detection unit 20 determines that the tip of a
character exists between the pixels Si and Sj and outputs
pixel information (coordinates) from Si to Sj (step S37).
Based on the output pixel information, the character cor-
rection unit 30 performs a process of binarizing only the
tip of a character in the above-described step S6.
[0059] When the above process is finished on Si, the
tip detection unit 20 advances Si to the next pixel and
performs a similar process. The tip detection unit 20 re-
peats the process until Si makes a circuit in the object.
Specifically, when the order distance between "i" and "j"
is equal to or larger than M in step S33, or after pixel
information of the tip of a character is output in step S37,
the tip detection unit 20 determines whether Si is the final
pixel (step S38). The final pixel is a contour pixel when
the contour pixel Si as a criterion of the process makes
a circuit in the object and becomes adjacent to the pixel

which was the pixel Si in step S31 in the process flow.
When Si is not the final pixel, the tip detection unit 20
adds 1 to "i" (step S39) and repeats the process from
step S32. On the other hand, when Si is the final pixel,
the tip detection unit 20 finishes the process flow.
[0060] Fig. 9 is a diagram illustrating an example of a
process result of the character correction device in the
first exemplary embodiment.
[0061] Fig. 9(a) is a diagram illustrating an image cap-
tured by the camera 101. Fig. 9(b) is a diagram illustrating
a simple binarized image as a result of processing the
image illustrated in Fig. 9(a) by the binarization process-
ing unit 102. Fig. 9(c) is a diagram illustrating an image
of a result of processing the image illustrated in Fig. 9(b)
by the character correction unit 30. From the image illus-
trated in Fig. 9(b), characters can be also read as "Vre-
cle". However, from the image illustrated in Fig. 9(c), the
characters can be recognized as "Vrede". As illustrated
in Figs. 9(a) to 9(c), the character correction device 1 of
the exemplary embodiment can restore a faint part in a
handwritten character in accordance with handwriting.
Correction of image data in the exemplary embodiment
is effective to improve the character recognition ratio us-
ing the OCR.
[0062] In the case of this example, when the method
of PTL1 is used, although the region indicated by the
circle (e) in Fig. 9 may be recognized as a tip of a char-
acter, the region indicated by the circle (d) in Fig. 9 may
not be recognized as a tip of a character. In this case,
the effect of correcting the faint character by connecting
the region indicated by the circle (d) in Fig. 9 and the
region indicated by the circle (e) in Fig. 9 cannot be ob-
tained. Therefore, when the characters corrected by the
method of PTL1 are read by a character recognition de-
vice, there is the possibility that they are recognized as
"Vrecle". In the exemplary embodiment, however, the
processes are repeated that the region indicated by the
circle (e) in Fig. 9 is recognized as a tip of a character,
as illustrated in the example, the level of the threshold is
lowered so that density of pixels adjacent to the tip be-
comes equal to or higher than the threshold, the local
binarizing process is performed, tips of characters in a
simple binarized image obtained as a result of the proc-
ess are recognized again, and the local binarizing proc-
ess is performed again also on pixels adjacent to a newly
recognized tip. As a result, the tip of the character indi-
cated by the circle (e) in Fig. 9, which is generated due
to the faint part, can be extended so as to be connected
to the line segment of the character indicated by the circle
(d) in Fig. 9. In such a manner, when the characters cor-
rected according to the exemplary embodiment are read,
the read characters can be recognized as "Vrede".
[0063] As described above, the exemplary embodi-
ment produces an effect that a faint part in a character
which cannot be corrected by the background art can be
restored.
[0064] The above-described character correction de-
vice 1 has a computer therein. The procedure of each of
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the processes of the above-described character correc-
tion device 1 is stored in the form of a program in a com-
puter-readable recording medium. The program is read
and executed by the computer, thereby performing the
processes. The computer-readable recording medium is
a magnetic disc, a magneto-optical disc, a CD (Compact
Disc)-ROM (Read Only Memory), a DVD (Digital Versa-
tile Disc)-ROM, a semiconductor memory, or the like. The
computer program may be distributed to a computer by
using a communication line and executed by the compu-
ter to which the program is distributed.
[0065] The program may be for implementing a part of
the above-described functions. Further, the program may
be a program, a so-called differential file (differential pro-
gram), which can implement the above-described func-
tions by combination with a program already recorded in
a computer system.
[0066] Although the exemplary embodiment of the
present invention has been described specifically above
with reference to the drawings, the specific configuration
is not limited to the exemplary embodiment, and design
and the like in a range which does not depart from the
gist of the present invention are also included.
[0067] The present application claims priority based
on Japanese Patent Application No. 2013-182151 filed
in Japan on September 3, 2013 and its description is
incorporated herein by reference.

[Industrial Applicability]

[0068] The present invention can be applied to, for ex-
ample, recognition of a handwritten character. The
present invention produces an effect that a faint part in
a handwritten character becomes clear.

[Reference signs List]

[0069]

1 ... Character correction device

10 ... Character detection unit

101 ... Camera

102 ... Binarization processing unit

103 ... Contour pixel tracing unit

20 ... Tip detection unit

30 ... Character correction unit

Claims

1. A character correction device comprising:

a character detection unit detecting whether an
input image is a character based on line width
of a line detected in the image;
a tip detection unit detecting a contour pixel in-
dicating a tip of the character in contour pixels
of the line detected in the input image; and
a character correction unit binarizing, a pixel val-
ue of a tip adjacent pixel using a threshold, the
tip adjacent pixel being adjacent to the contour
pixel indicating the tip of the character detected
by the tip detection unit, and, when the tip adja-
cent pixel is equal to or larger than the threshold,
determining that the tip adjacent pixel is a pixel
as a component of the character to correct the
character.

2. The character correction device according to claim
1, wherein the character detection unit determines
that the image is a character when sets of two pixels
exist in at least predetermined ratio which is neces-
sary to determine that the image is the character, to
total number of the contour pixels, the sets of two
pixels existing with an interval larger than a distance
which can be recognized as line width of the char-
acter on a contour along the contour pixels and con-
stituting the contour pixels, and a distance between
the two pixels being in a predetermined range indi-
cating line width of a character

3. The character correction device according to claim
1 or 2, wherein the tip detection unit specifies two
pixels within a predetermined interval in the contour
pixels, determines whether an angle formed by trac-
ing directions in the specified two pixels in a case of
tracing the contour of the line configured by the con-
tour pixels in one direction changes by a predeter-
mined angle or larger and, when the angle formed
by the tracing directions changes by the predeter-
mined angle or larger and distance between a pixel
as start point of tracing the contour as one of the
specified two pixels and another pixel as the contour
pixel existing with an interval larger than distance
recognized as line width of the character in the con-
tour along the contour pixels does not lie in a prede-
termined range indicating the line width of a charac-
ter, determines that adjacent pixels between the
specified two pixels as the tip adjacent pixels.

4. The character correction device according to any
one of claims 1 to 3, wherein the character correction
unit repeats a process of determining that the tip ad-
jacent pixel is a pixel as a component of the character
predetermined number of times while decreasing the
threshold, and corrects the character.

5. A character correction method comprising:

detecting whether an input image is a character
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based on line width of a line detected in the im-
age;
detecting a contour pixel indicating a tip of the
character in contour pixels of the line detected
in the input image; and
binarizing a pixel value of a tip adjacent pixel
using a threshold of the pixel value, the tip ad-
jacent pixel being adjacent to the contour pixel
indicating the tip of the character detected, and,
when the tip adjacent pixel is equal to or larger
than the threshold, determining that the tip ad-
jacent pixel is a pixel as a component of the char-
acter to correct the character.

6. A program for making a computer of a character cor-
rection device function as:

a character detection unit detecting whether an
input image is a character based on line width
of a line detected in the image;
a tip detection unit detecting a contour pixel in-
dicating a tip of the character in contour pixels
of the line detected in the input image; and
a character correction unit binarizing a pixel val-
ue of a tip adjacent pixel using a threshold of the
pixel value, the tip adjacent pixel being adjacent
to the contour pixel indicating the tip of the char-
acter detected by the tip detection unit, and,
when the tip adjacent pixel is equal to or larger
than the threshold, determining that the tip ad-
jacent pixel is a pixel as a component of the char-
acter to correct the character.
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