Vol. 45 No. 4 goooooooo Apr. 2004

gotgoboboooobooboboboobbood

oo ooof o o o of

go00o0oooooooooO0oooooOO0o0ooooooOooOoooboooooOooobOOoOOODODbbOO
goboooooooooOOoOOOOOoO0OO0O0OoOoOoooOoOOOOOO0OOOOOOOObOOO0O0O0
goooooooooooobooOooOoboOboOboOoO0oOoOoobooOObOOobOOoOooOoooboooooooon
gooooooooooOooOoOobobo0oO0oO00b00oOo0o0oO0oOoOO0O0OO0OO0DO0OOO0O0O0OooOoOOoODn
go0o0o0o0oboooooooooooooooOoO0bO0O0O0OC00O0O00ooOoOooooooonon
goooooooooboOoooooooo2000C0000b000ODODOODDODOOOOOOOO00
goooooooooooboOoOoO00000000000O00O0O0O0DOOOOO0O0ODOO0OD0ODO
oo0ooo0oooOo0ooOoOooOoOO0OOOO0OCOO0O0O0OO0OOO0OOOOCOOOCOOOO0O0
000 615000000000000000000000000000D0000O0 98.52%0000
0000 90.24%000000000000000000000000D000000ODOOOOOOOD

Character Segmentation and Recognition of Ancient Documents
Based on Thinning of Background Region

MicHiO UMEDAt and TOMOHIRO HASHIMOTO*

This paper proposes a character segmentation and recognition method of ancient docu-
ments. The segmentation method is based on thinning the background region of a compound
pattern in order to cope with the cursive scripts and the mutual encroachment of characters
which are peculiar to the ancient documents. The compound pattern is generated from the
original characters string pattern and two mirror patterns. In the segmentation process, can-
didate dividing points are extracted from the thinning pattern and the segmented regions are
gradually determined by using a recognition processing. In the recognition process, autoasso-
ciative neural networks are used for flexibility and efficiency. From the recognition experiment
applied to 615 character strings which appear in the local Tenpo era records of rice crops, the
correct character recognition rate of 98.52% and the correct string recognition rate of 90.24%
were obtained by the proposed method. Therefore it is clarified that the method is effective
in the recognition of characters such as ancient documents.
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Flow of character segmentation and recognition processing.
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Fig.2 Thinning pattern generated from background
region of character string pattern.
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Fig.3 Thinning applied to background region in this method.
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Fig.4 Weighted direction index histogram feature.
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Fig.5 Recognition processing by autoassociative neural

networks.
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Fig.6 Region integration processing.

gooooobooooooooboooooooobo
oooboooooooobooobooooboooono
goooboooooooooboooooogooon
gbooobooooooobooooboboooooad
ubodoz20000000o00o0b00o0b00o0o0o
oooooooon
uboobooooobooooobooobobooooobo
ocoocoONNDODOODDOOOOOODODDOODOO
gobooobooooooboooooboooooobooooon
gooooobooooboooobooooboboobbooo
goooboooboooooooooooooboobooooon
ooon
deOooooboooOoooOobobOoO 200000
goooobooodoooooooooboooooon
00000 A000OO0O00OOOOOoooOooooo
OBOOOOOOOOOOOOOODOOOODOO
OO0 X10O0O0oOooONNOOOOOODOOOoOOoOo
ooooOo0000 X10o00cooooooooo
X2000O00O00000O0O0OooODODOOOC0OOO
gooooooooobooooboobobbooooo
X3gooooooooooooooooooooo

oooobooooooooo Xx3goooooooo
goooobooooooo E00O0O0OODDODOOO
gooboblooboobooobooooooooboooo
goboobbooooooooobocoooooooon
ooboboooooboooboooobooooobo
5.2 10000000
looboooooooooooooocooooon
oooooooobooobooooobooooonoooo
goooooooboooooooooboooooooon
ooooooooooooooooooobobooonol
goooobooooboooooooooooooo 7
goboooboobooooooobooboooooooon
gbbooboobooobooobooooooooooooon
gobooboooobooooooooooooobo
goboooobooooooooooo
loobooooooooboooobooooboooon
booooooobooooooooooboooobooooo
ooooooooboooobooboooon
0000000000000 0000 10pixelOO
oooooooooboooooobobbOoDbbObOOonoo
goobooobooooooooobboooooboDbo



1194 goooooooo

.....

%?tﬁa téﬁﬁg £155 ) S/

= it

/| |FRE

BEAE L E T 5 ERDOBA
AT B EROMABE IR LT
WP ERES Ui 1 AEH & TR

MO¥ A XEEENRDE S ICAE <
T3 EHACDENRIEINE 2 £ 1o
S5 TRRHRBEWR

07 10000000
Fig.7 The first processing of route connection.
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Fig.8 The second processing of route connection.

000002000000 0000000000
goooooooooooooooooboboboood
goocoooobooooboboooon

0> 60
gbobooooooooobooooooooooboooo
ooooooOooO pOO 3000000000000
gooooboooooboooobooooboooooo
gooooboobooooboooooooDbDbboOono
oooo

5.4 OO00O0OO0OO0OOO0O0O0DOO

20000000000000000000O0C0CO
gbooboooboooooooobooobobooooo

ubootooooboooooooooobooOoooooo
OO0O00 s0pixel0O0D0OOO0OOOCOCDOODOOO
goboooooooobooooboooooooboo
000o0o0ooOoUoooooOooOooo 2/300000
g0100000ooboooobooooooooonoo
goobooooooboboooobooooooooooao
go00ooooooooooooboooboo

6. DOOOoOoOOobOOoOooaon

goboboooooooobooooobobooooon
goboboooooooobooobooobooobooooboo
gboboooooooooooocoooooooooo
oboooooooooobobocooobetnooo

0D 190000000000000000000
gooooboooooooooooboooooooooo
00000000000000000 2910001



Vol. 45 No. 4

l
l

"
|
"
|

ol

¥,
-

S

%
§

REFE

W
s

Fik2
09 0000000 OO0O0OOOO
Fig.9 Character segmentation result by each method.
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Fig.10 Ancient document used in this study.
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Table 1 Character recognition result based on each
segmentation method.

0om %0
oo ooo oo1 oo2 oo 3 gooo

O 615 100.00 100.00 100.00 100.00
O 615 94.63 99.84  100.00 100.00
O 269 82.53 89.59 94.42 96.65
ul 437 94.05 94.74 97.94 99.54
ul 412 75.97 88.83 93.93 96.60
O 368 77.72 94.02 97.01 98.37
O 397 88.66 93.70 96.22 96.98
O 367 84.20 90.46 94.28 98.37
O 347 70.89 92.22 97.69 98.56
ul 322 81.68 92.24 97.20 98.45
ul 323 89.47 94.12 96.90 99.07
O 552 78.44 91.30 98.37 98.91
O 545 81.65 94.86 98.72 98.53
O 35 77.14 97.14 94.29 94.29
ul 615 95.28 98.21 98.21 99.35
O 546 96.15 99.08 99.08 99.45
O 531 93.97 97.18 98.31 98.87
O 535 93.83 97.20 96.26 99.44
O 117 74.36 74.36 73.50 86.32
0 39 92.31 84.62 71.79 79.49
oo 7987 87.99 94.87 97.15 98.52

02 000000000000
Table 2 Character string recognition rate by each
segmentation method.
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oo1 209 33.98
ooz2 449 72.85
oos3 531 86.34
oooo 555 90.24
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Fig.11 Failure example of character segmentation.
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