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Neural Networks which Consist of
Simple Recurrent Networks for Character
Recognition by Template Matching

Y OSHIHISA SHINOZAWA 1

Neural networks which recognize offline handwritten characters based on tem-
plate matching have been proposed. A character pattern can be recognized with
neural networks which activate as follows. In recognition, a template pattern
and an unknown pattern are input into the input layers of a neural network at
same time. When two patterns are same kind, an output unit is fired, but when
these are different, it is not fired. We improve neural networks based on tem-

plate matching between all the regions of a template pattern and an unknown
pattern. We propose simple recurrent networks which recognize character pat-
terns with similarities between partial regions of a template pattern and an
unknown pattern. A template pattern and an unknown pattern are divided
into some partial regions and each partial region is input into simple recurrent
networks. Simple recurrent networks calculate similarities between partial re-
gions of two patterns and recognize the unknown pattern. We propose how
to learn simple recurrent networks and construct neural networks for ETLIB.
The results obtained from our experiments show an increased recognition rate
of character patterns.
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Fig.1 Structure of neural networks.

gooobooooobooooooooooooboobooooo 2000000000 O0O0DObOO
goooo

gbooooobooooooooboooooboooooooooobooboobobooOoDbOo
goboooooboooboo1go@moooooooooooooboooooooboo 1000
gobooooooooooooooooooboobooo<sbe=1,2,---,NOOOODOOODO
goboboooooogoooooo«:000oobo0ooboooooDo i 0opoooooo
Uo000Db0ob0 0000000070 t0000000000D00DO00ODOODO
gboooooooboboooobo ¢, 0boobboboboooobOobobobobo
OO0 (H)ooooUuooooUuoOoo F000000

E-(Ti,m)—{ e )
00 -~z

gbobodobooooobooooooboouo 2b000000b0O0O0O0OOO0OO0OOO0OOOODOO
ooooooooooooooooo NOOOOOOO 200000 0C0---00000
gobooooboooobooooobooomoobooooboooobooooooOoooo
0ooooooooooo0ooooooooooooooooo NOOOOoOoooooo
gooobooooooooooooooooooooobooooooooooooooDooboo
goooooooooooooboooooooooboooooooooboobooooooooDooboo
goooboooooooooboooooobooooooooobooboooooobooooDoDboo

00o0oooooog Vol 49 No. 10 3703-3714 (Oct. 2008)

RIS DS
[Fo7L—+ ]| [®axF | [Fo70—+ ] [£8xF | [7o7v—+] [sax

T#h 1EH RS T 1EwRELT [H1ERELE
Sk —% wub—2 FubI—4

02 00000O0O0O00O0OOO0OOO0OOOCOOODOOCOOOO0O0OO
Fig.2 Recognition of character patterns with neural networks.
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Fig.3 Division of a character pattern into partial regions.
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Fig.4 Input of divided partial regions to neural networks.
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Fig.5 Simple Recurrent Networks.
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Fig.6 Recognition of character patterns with proposed neural networks.

0000000000000 (3)00000000000000000000000000
00000000000000000000000000000000z; 0000000
0z, 00 2; 0000000000000000000000000000000000
000000000000000000000 (Ty,;)0 (Ti;,T;;) 000000000
00000000000000000000000000000000000000000
000000000000000

0000000000000000000000000000000000 NODOOO

gobeOO0bOOOO0OOOO0ODOOOOOODOOOLD Tz 000000D000 0O

(© 2008 Information Processing Society of Japan



3708 0O0O0OO0O0OO0O0OOOOOOOCOOOO0OOCOOOOO0O0O0O0O0O00O0

000 (Ti,z1), (Tiz,2), -, (Tia,2s) 00 00000000000000000000
00000000000000000000000000000000 o;05=1,2,---,d0
D000000000 ¢, 0000000 35 (o —#)?0000000000000
00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
0000000000000000000000D0000000000000000'70

3. 0oobooooooo

3.1 ODOoOoooooooooon

gooooooooooooOooooOooOoooOooOoOboO00ooo NODODOOOODOD

goboooooooooooooobooooboboooboooboooobooOoOooooOooooon
goooooooooooooboooooobo1ooobobboobooboooooooooDoboo
oooooooooooooooo N—100000000CCOO0O0O0OO000O0O0O0
ON-l100C0COOO0O00000DOoOoooooooOOOOOCOOODbOOO0O00Oooo
gboooboooboooooboooooooobooobooooboooooboboooboboooDo
0000000000000000000000000000000Y00000000
gooobooooooobooooboooooooboooooboboooboboDo
goooooooooooooooooooooboboooooobooboooooDoooDoboo
goooooboooooooooboooooobooboooooooooooboboooooooDoboo
gooobooooooooooooooobooooooboobooooobooboooooDoboo
ooooooooboooooooboOoOOOODOOOOOOOMDODODDOOOODOO
gooooboooooboooooobooooooboobooOoOoobooobobobobOboOooOooDoo
vooooooooooooooooooboOoob 1oboo0oooooooooood
goodoobooboooobooobooobooboOooooboobOoobOomumomon
gbobooboooobooooooobooooboooobboobboooooooDo
goboooooooooooooooobooooooooooooo

3.2 0D OO0

ooooooooooooooooooooOoboooOoooooooboobob0 v00000
goboroooooooobooooobooooomooooooobooooobooooooo
gooooooooooooobooooooboooboooooooooooooooooooDboo
gooooooooooooooooooboooooobooooooooobobooooooDobo

00o0oooooog Vol 49 No. 10 3703-3714 (Oct. 2008)

(7o | [mxmie— | [Foov—+ | [smie— | [zooo—+ |[mamse— |

07 0O0O0O0OO0OO0OO0OOOOOOO

Fig.7 Learning of character patterns with proposed neural networks.
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Table 1 Classification rate with Euclidean distance.
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Table 2 Recognition rate with proposed neural networks.
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Table 3 Recognition rate in increasing units in hidden layers.
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Fig.8 Division of character patterns into partial regions.
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Table 4 Recognition rate in increasing partial regions.
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Table 5 Recognition rate in using different partial regions.
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Table 6 Recognition rate with neural networks which have all to all connections.
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oooao oooo gooo oooao
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(2)000000000 99.40% | 92.03% | 99.39% | 92.19%
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Table 7 Recognition rate with neural networks which have all to all connections in increasing
partial regions.
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Table 8 Recognition rate with rough classification and detail recognition.
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