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CLAIMS

1. A character recognition apparatus which
carries out character recognition processing to a
gray-scale image obtained by picking up a charact
string of characters arranged in a specific direftion,
comprising:

first character recognition means £
carrying out the character recognition proglessing for
each of first characters as N¢ (N¢ is an Jfnteger equal
to or more than 2) characters from a fifst end of the
character string; and

second character recogniti means for
carrying out the character recognjtion processing for
each of second characters diffepylent from the first
characters,

wherein the first clfaracter recognition means
sets a plurality of first Lharacter areas having
various character area sfzes for each of positions on
the gray-scale image iyf the character recognition
processing for each the first characters, carries
out the character cognition processing to each of
the plurality of first character areas to calculate a
character recogfition result and an evaluation value,
determines thg character recognition result of the
first charaglter based on the calculated evaluation
values, a determines a first optimal character area
size as An optimal character area size from among the
vario character area sizes, and

wherein the second character recognition
megns sets a plurality of second character areas

ving the first optimal character area size for each

of positions on the gray-scale image, carries out the
character recognition processing to each of the
plurality of second character areas to calculate a
character recognition result and an evaluation value,

and determines the character recognition result of the
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second character based on the character recognition
result and the evaluation wvalue which are calculated

for each of the plurality of second character areas.

2. The character recognition apparatus accgfding
to claim 1, wherein the first character recognjytion
means determines a character position of eaclf of the
first characters based on the evaluation vagfues, and
determines an optimal character spacing sfze showing
an optimal character spacing from the dftermined
character positions, and

wherein the second charact recognition
means sets positions of the plurality of second

character areas based on the optAmal character spacing

size.
3. The character recgfnition apparatus according
to claim 1, wherein the rst character recognition

means ranks the charactfr recognition result obtained
for each of the positfons of the plurality of first
character areas, bafed on the evaluation values,

wherein e first character recognition means
extracts the chyracter recognition results
corresponding /o top m¢ (mc is a predetermined integer
greater thapgf N¢) evaluation values from among the
character fecognition results obtained for the
positiond of the plurality of first character areas
and haying a first rank for each position, and
calcyflates a first average as an average of the
evgfluation values of the m¢ character recognition

sults, and

wherein the first character recognition means
determines the character area size corresponding to
the highest first average as an optimal character area

size,.
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4. The character recognition apparatus according
to claim 3, wherein the first character recognition
means generates an evaluation value - brightness valfie
conversion plot image as an image in which pixels
having brightness values corresponding to the
evaluation values of the m¢ character recognitibn

results are positioned on the position of th

area sizes, and carries out binarizatiof processing to

wherein the first charactfr recognition means
carries out labeling brocessing 0 the binarized image
to give a label to each of se of concatenated pixels
of an identical color, and cflculates a second average
as an average of the evalugtion values of the
character recognition regults corresponding to the
pixels which belongs t¢f each of the labels,

wherein the JFirst character recognition means
calculates a distanfe between a gravity position of
each of the labelf and a gravity position of another
label sequentiafly from the label having a higher
second averagg/, and repeatedly carries out processing
which remov each label when the distance to the
gravity pgbition of the other label is shorter than a
predeterfiined threshold value, until N; labels are
left,

wherein the first character recognition means
se}Jects the pixel having the highest evaluation value

the character recognition profit result

corresponding to each label, of the pixels belonging
to each of the N¢ remaining labels, determines the
position of the pixel having the highest evaluation
value as the character position of the first

character, and determines the optimal character
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spacing size which is an optimal character spacing

from the determined character position, and

wherein the second character recognition

means sets the position of the plurality of secon

5 character areas based on the optimal character spacing
size,.

5. The character recognition apparat according
to any one of claims 1 to 4, further compkising:
10 third character recognition meghs for
( carrying out the character recognitioff processing for
of the character

o the first end;

third characters of the N¢ characte

string from a second end opposite

fourth character recognftion means for

15 carrying out the character regbgnition processing for

fourth characters which are fLharacters of the

character string other tha)f the N¢ characters from the

second end; and

final charactef recognition result

20 determining means,

wherein th¢f third character recognition means

sets a plurality ff third character areas of various

( character area Zgizes for each of positions on the
ﬁ gray-scale imyge in the character recognition

25 processing the third characters, carries out the

character fecognition processing to each of the

of third character areas to calculate a

30 third characters and a second optimal character
ea size as sizes of optimal character areas based on
the calculated evaluation values,

wherein the fourth character recognition
means sets a plurality of fourth character areas
having the second optimal character area size for each

of positions on the gray-scale image, carries out the
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character recognition processing to each of the
plurality of fourth character areas to calculate a
character recognition result and an evaluation wvaluf,
and determines the character recognition results
the fourth characters based on the character
recognition results and the evaluation values
calculated for the plurality of fourth chargfter
areas, and

wherein the final character recgfnition
result determining means determines, when the
character recognition result of a speg€ific character
of the character string which is obfained by the first
character recognition means and tfle second character
recognition means coincides wit}f the character
recognition result of the spegfific character which is
obtained by the third charagfer recognition means and
the fourth character recoghition means, the coinciding
character recognition refult as a final character
recognition result of e specific character, and
determines, when doeg not coincide, one having a
higher evaluation lue, of the character recognition
result of the spefific character which is obtained by
the first charafter recognition means and the second
character recggnition means and the character
recognition fresult of the specific character which is
obtained the third character recognition means and
the fourfh character recégnition means, as a final
characfer recognition result of the specific

charglcter.

The character recognition apparatus according
to any one of claims 1 to 4, wherein the first
character recognition means comprises memory means for
storing similar character data indicating similar
characters, and

wherein the first character recognition means
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determines an optimal character area size, without
using character recognition results and evaluation
values for the similar characters, among the characjyer
recognition results obtained by carrying out the
character recognition processing to each of the

plurality of first character areas.

7. A character recognition apparatus Jhich
carries out character recognition procesghng to a
gray-scale image obtained by picking upf a character
string of characters arranged in a spfcific direction,
comprising:

first character recognitifin means for
carrying out the character recoghition processing for
each of first characters as Ng/ (N¢ is an integer equal
to or more than 2) characte from an end of the
character string; and

second charactey recognition means for
carrying out the charagfter recognition processing for
a second character djyfiferent from the first
characters,

wherein e first character recognition means
sets a plurality of first character areas having
various charaglter area sizes for each of positions on
the gray-scglle image in the character recognition
processing/ for each of the first characters, carries
out the fharacter recognition processing to each of
the plyrality of first character areas to calculate a
chargflcter recognition result and an evaluation value,
detfermines the character recognition result of the

rst character and a character position of the first

character based on the calculated evaluation wvalues,
and determines an optimal character spacing size from
the determined character positions, and

wherein the second character recognition

means sets a plurality of second character areas for
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each of positions on the gray-scale image according to
the optimal character spacing size, carries out the
character recognition processing to each of the
plurality of second character areas to calculate
character recognition result and an evaluation lue,

and determines the character recognition resu of the

for each of the plurality of second chargcter areas.

8. A character recognition methgd of carrying
out character recognition processi to a gray-scale
image obtained by picking up a chfracter string of
characters arranged in a specifjyc direction,
comprising:

carrying out the chfracter recognition
processing for each of firht characters as N¢ (N¢ is an
integer equal to or moref/than 2) characters from an
end of the character syring; and

carrying out/the character recognition
processing for a sgfond character different from the
first characters,

whereiy said carrying out the character
recognition pfocessing for each of first characters
comprises:

sftting a plurality of first character areas
having vArious character area sizes for each of
positifns on the gray-scale image in the character
recognition processing for each of the first
chyracters;

carrying out the character recognition
processing to each of the plurality of first character
areas to calculate a character recognition result and
an evaluation value;

determining .the character recognition result

of the first character based on the calculated
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evaluation values; and

determines a first optimal character area
size from among the various character area sizes, an

wherein said carrying out the character
recognition processing for.a second character
comprises:

setting a plurality of second characyfer areas
having the first optimal character area si for each
of positions on the gray-scale image;

carrying out the character recgfnition
processing to each of the plurality of second
character areas to calculate a charglcter recognition
result and an evaluation value; a

determining the charactgr recognition result
of the second character based fn the character
recognition result and the efaluation value which are
calculated for each of the/plurality of second

character areas.

9. A character Jfecognition method of carrying
out character recogfiition processing to a gray-scale
image obtained by/picking up a character string of
characters arrafged in a specific direction,
comprising:

cargfying out the character recognition
processing/ for each of first characters as N¢ (N¢ is an
integer fqual to or more than 2) charactexs from an
end offthe character string; and

carrying out the character recognition
prfcessing for a second character different from the
irst characters,

wherein said carrying out the characterx
recognition processing for each of first characters
comprises:

setting a plurality of first character areas

having various character area sizes for each of
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positions on the gray-scale image in the characte:_‘
recognition processing for each of the first
characters;

carrying out the character recognitit/

5 processing to each of the plurality of firs# character
areas to calculate a character recognitiOw;result and
an evaluation value;

determining the character rec¢3nition result
of the first character and a charactghr position of the
10 first character based on the calculfited evaluation
values; and
determining an optimal gharacter spacing size

from the determined character ositions, and

wherein said carryi out the character
15 recognition processing for second character
comprises:

setting a plurgfity of second character areas
for each of positions gn the gray-scale image
according to the optgmal character spacing size;
20 carrying ot the character recognition
processing to eacl of the plurality of second
character areas: o calculate a character recognition

regsult and an gvaluation value; and

detefmining the character recognition result
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CLATMS

1. A character recognition apparatus which carries out character
recognition processing to a gray-scale image obtained by picking up
a character string of characters arranged in a specific direction,
comprising:

first character recognition means for carrying out the
character recognition processing for each of first characters as N
(Ne is an integer equal to or more than 2) characters from a first
end of the character string; and

second character recognition means for carrying out the
character recognition processing for each of second characters
different from the first characters,

wherein the first character recognition means sets a plurality
of first character areas having various character area sizes for
each of positions on the gray-scale image in the character
recognition processing for each of the first characters, carries out
the character recognition processing to each of the plurality of
first character areas to calculate a character recognition result
and an evaluation value, determines the character recognition result
of the first character based on the calculated evaluation values,
and determines a first optimal character area size as an optimal
character area size from among the various character area sizes,

wherein the second character recognition means sets a
plurality of second character areas having the first optimal
character area size for each of positions on the gray-scale image,
carries out the character recognition processing to each of the
plurality of second character areas to calculate a character
recognition result and an evaluation value, and determines the
character recognition result of the second character based on the
character recognition result and the evaluation value which are
calculated for each of the plurality of second character areas,

wherein the first character recognition means ranks the
character recognition result obtained for each of the positions of
the plurality of first character areas, based on the evaluation
values,

wherein the first character recognition means extracts the
character recognition results corresponding to top me (me is a
predetermined integer greater than Nc) evaluation values from among
the character recognition results obtained for the positions of the
plurality of first character areas and having a first rank for each
position, and calculates a first average as an average of the
evaluation values of the m¢ character recognition results,

wherein the first character recognition means determines the
character area size corresponding to the highest first average as an
optimal character area size,

wherein the first character recognition means generates an
evaluation value - brightness value conversion plot image as an
image in which pixels having brightness values corresponding to the
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evaluation values of the m¢ character recognition results are
positioned on the position of the character area corresponding to
each of the m: character recognition results in each of the
character area sizes, and carries out binarization processing to the
evaluation value - brightness value conversion plot image to
generate a binarized image,

wherein the first character recognition means carries out
labeling processing to the binarized image to give a label to each
of sets of concatenated pixels of an identical color, and calculates
a second average as an average of the evaluation values of the
character recognition results corresponding to the pixels which
belongs to each of the labels,

wherein the first character recognition means calculates a
distance between a gravity position of each of the labels and a
gravity position of another label sequentially from the label having
a higher second average, and repeatedly carries out processing which
removes each label when the distance to the gravity position of the
other label is shorter than a predetermined threshold value, until
Ne labels are left,

wherein the first character recognition means selects the
pixel having the highest evaluation value of the character
recognition profit result corresponding to each label, of the pixels
belonging to each of the N¢ remaining labels, determines the
position of the pixel having the highest evaluation value as the
character position of the first character, and determines the
optimal character spacing size which is an optimal character spacing
from the determined character position, and

wherein the second character recognition means sets the
position of the plurality of second character areas based on the
optimal character spacing size.

2. A character recognition apparatus which carries out character
recognition processing to a gray-scale image obtained by picking up
a character string of characters arranged in a specific direction,
comprising:

first character recognition means for carrying out the
character recognition processing for each of first characters as N¢
(Ne is an integer equal to or more than 2) characters from a first
end of the character string; and

second character recognition means for carrying out the
character recognition processing for each of second characters
different from the first characters,

wherein the first character recognition means sets a plurality
of first character areas having various character area sizes for
each of positions on the gray-scale image in the character
recognition processing for each of the first characters, carries out
the character recognition processing to each of the plurality of
first character areas to calculate a character recognition result
and an evaluation value, determines the character recognition result
of the first character based on the calculated evaluation values,
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and determines a first optimal character area size as an optimal
character area size from among the various character area sizes,

wherein the second character recognition means sets a
plurality of second character areas having the first optimal
character area size for each of positions on the gray-scale image,
carries out the character recognition processing to each of the
plurality of second character areas to calculate a character
recognition result and an evaluation value, and determines the
character recognition result of the second character based on the
character recognition result and the evaluation value which are
calculated for each of the plurality of second character areas,

wherein the first character recognition means determines

a character position of each of the first characters based on the
evaluation values, and determines an optimal character spacing size
showing an optimal character spacing from the determined character
positions, and

wherein the second character recognition means sets positions
of the plurality of second character areas based on the optimal
character spacing size.

3. A character recognition apparatus which carries out character
recognition processing to a gray-scale image obtained by picking up
a character string of characters arranged in a specific direction,
comprising:

first character recognition means for carrying out the
character recognition processing for each of first characters as Nc
(Ne is an integer equal to or more than 2) characters from a first
end of the character string; and

second character recognition means for carrying out the
character recognition processing for each of second characters
different from the first characters,

wherein the first character recognition means sets a plurality
of first character areas having various character area sizes for
each of positions on the gray-scale image in the character
recognition processing for each of the first characters, carries out
the character recognition processing to each of the plurality of
first character areas to calculate a character recognition result
and an evaluation value, determines the character recognition result
of the first character based on the calculated evaluation values,
and determines a first optimal character area size as an optimal
character area size from among the various character area sizes,

wherein the second character recognition means sets a
plurality of second character areas having the first optimal
character area size for each of positions on the gray-scale image,
carries out the character recognition processing to each of the
plurality of second character areas to calculate a character
recognition result and an evaluation value, and determines the
character recognition result of the second character based on the
character recognition result and the evaluation value which are
calculated for each of the plurality of second character areas,
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wherein the character recognition apparatus further comprises:

third character recognition means for carrying out the
character recognition processing for third characters of the N
characters of the character string from a second end opposite to the
first end;

fourth character recognition means for carrying out the
character recognition processing for fourth characters which are
characters of the character string other than the N characters from
the second end; and

final character recognition result determining means,

wherein the third character recognition means sets a plurality
of third character areas of various character area sizes for each of
positions on the gray-scale image in the character recognition
processing of the third characters, carries out the character
recognition processing to each of the plurality of third character
areas to calculate a character recognition result and an evaluation
value, and determines the character recognition results of the third
characters and a second optimal character area size as sizes of
optimal character areas based on the calculated evaluation values,

wherein the fourth character recognition means sets a
plurality of fourth character areas having the second optimal
character area size for each of positions on the gray-scale image,
carries out the character recognition processing to each of the
plurality of fourth character areas to calculate a character
recognition result and an evaluation value, and determines the
character recognition results of the fourth characters based on the
character recognition results and the evaluation values calculated
for the plurality of fourth character areas, and

wherein the final character recognition result determining
means determines, when the character recognition result of a
specific character of the character string which is obtained by the
first character recognition means and the second character
recognition means coincides with the character recognition result of
the specific character which is obtained by the third character
recognition means and the fourth character recognition means, the
coinciding character recognition result as a final character
recognition result of the specific character, and determines, when
does not coincide, one having a higher evaluation value, of the
character recognition result of the specific character which is
obtained by the first character recognition means and the second
character recognition means and the character recognition result of
the specific character which is obtained by the third character
recognition means and the fourth character recognition means, as a
final character recognition result of the specific character.

4. The character recognition apparatus according to any one of
claims 1 to 3, wherein the first character recognition means
comprises memory means for storing similar character data indicating
similar characters, and

wherein the first character recognition means determines an
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optimal character area size, without using character recognition
results and evaluation values for the similar characters, among the
character recognition results obtained by carrying out the character
recognition processing to each of the plurality of first character
areas.

5. A character recognition apparatus which carries out character
recognition processing to a gray-scale image obtained by picking up
a character string of characters arranged in a specific direction,
comprising:

first character recognition means for carrying out the
character recognition processing for each of first characters as Nc
(Ne is an integer equal to or more than 2) characters from an end of
the character string; and

second character recognition means for carrying out the
character recognition processing for a second character different
from the first characters,

wherein the first character recognition means sets a plurality
of first character areas having various character area sizes for
each of positions on the gray-scale image in the character
recognition processing for each of the first characters, carries out
the character recognition processing to each of the plurality of
first character areas to calculate a character recognition result
and an evaluation value, determines the character recognition result
of the first character and a character position of the first
character based on the calculated evaluation values, and determines
an optimal character spacing size from the determined character
positions, and

wherein the second character recognition means sets a
plurality of second character areas for each of positions on the
gray-scale image according to the optimal character spacing size,
carries out the character recognition processing to each of the
plurality of second character areas to calculate a character
recognition result and an evaluation value, and determines the
character recognition result of the second character based on the
character recognition result and the evaluation value which are
calculated for each of the plurality of second character areas.

6. A character recognition method of carrying out character
recognition processing to a gray-scale image obtained by picking up
a character string of characters arranged in a specific direction,
comprising:

carrying out the character recognition processing for each of
first characters as Ne¢ (N¢ is an integer equal to or more than 2)
characters from an end of the character string; and

carrying out the character recognition processing for a second
character different from the first characters,

wherein said carrying out the character recognition processing
for each of first characters comprises:

setting a plurality of first character areas having various
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character area sizes for each of positions on the gray-scale image
in the character recognition processing for each of the first
characters;

carrying out the character recognition processing to each of
the plurality of first character areas to calculate a character
recognition result and an evaluation value;

determining the character recognition result of the first
character based on the calculated evaluation values; and

determining a first optimal character area size from among the
various character area sgizesg, and

wherein said carrying out the character recognition processing
for a second character comprises:

setting a plurality of second character areas having the first
optimal character area size for each of positions on the gray-scale
image;

carrying out the character recognition processing to each of
the plurality of second character areas to calculate a character
recognition result and an evaluation value; and

determining the character recognition result of the second
character based on the character recognition result and the
evaluation value which are calculated for each of the plurality of
second character areas,

wherein said carrying out the character recognition processing
for each of first characters further comprises:

ranking the character recognition result obtained for each of
the positions of the plurality of first character areas, based on
the evaluation values;

extracting the character recognition results corresponding to
top me (mc is a predetermined integer greater than Nc) evaluation
values from among the character recognition results obtained for the
positions of the plurality of first character areas and having a
first rank for each position;

calculating a first average as an average of the evaluation
values of the m¢ character recognition results; and

determining the character area size corresponding to the
highest first average as an optimal character area size,

wherein said carrying out the character recognition processing
for each of first characters further comprises:

generating an evaluation value - brightness value conversion
plot image as an image in which pixels having brightness values
corresponding to the evaluation values of the m¢ character
recognition results are positioned on the position of the character
area corresponding to each of the m¢ character recognition results
in each of the character area sizes;

carrying out binarization processing to the evaluation value -
brightness value conversion plot image to generate a binarized
image;

carrying out labeling processing to the binarized image to
give a label to each of sets of concatenated pixels of an identical
color;
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calculating a second average as an average of the evaluation
values of the character recognition results corresponding to the
pixels which belongs to each of the labels;

calculating a distance between a gravity position of each of
the labels and a gravity position of another label sequentially from
the label having a higher second average;

repeatedly carrying out processing which removes each label
when the distance to the gravity position of the other label is
shorter than a predetermined threshold value, until N: labels are
left;

selecting the pixel having the highest evaluation value of the
character recognition profit result corresponding to each label, of
the pixels belonging to each of the N: remaining labels;

determining the position of the pixel having the highest
evaluation value as the character position of the first character;
and

determining the optimal character spacing size which is an
optimal character spacing from the determined character position,
and

wherein said carrying out the character recognition processing
for a second character further comprises:

getting the position of the plurality of second charactexr
areas based on the optimal character spacing size.

7. A character recognition method of carrying out character
recognition processing to a gray-scale image obtained by picking up
a character string of characters arranged in a specific direction,
comprising:

carrying out the character recognition processing for each of
first characters as N¢ (N¢ is an integer equal to or more than 2)
characters from an end of the character string; and

carrying out the character recognition processing for a second
character different from the first characters,

wherein said carrying out the character recognition processing
for each of first characters comprises:

setting a plurality of first character areas having various
character area sizes for each of positions on the gray-scale image
in the character recognition processing for each of the first
characters;

carrying out the character recognition processing to each of
the plurality of first character areas to calculate a character
recognition result and an evaluation value;

determining the character recognition result of the first
character and a character position of the first character based on
the calculated evaluation values; and

determining an optimal character spacing size from the
determined character positions, and

wherein said carrying out the character recognition processing
for a second character comprises:

setting a plurality of second character areas for each of



- 42 -

positions on the gray-scale image according to the optimal character
spacing size;

carrying out the character recognition processing to each of
the plurality of second character areas to calculate a character
recognition result and an evaluation value; and

determining the character recognition result of the second
character based on the character recognition result and the
evaluation value which are calculated for each of the plurality of
second character areas.



