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Size Reduction of an On-Line Handwritten Character Recognizer Combining

On-Line and Off-Line Recognizers
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and Masaki NAKAGAWA

oooo ObOooooooooooOoOooOboOoOoOoOooOoOoOoOoOOOOOOOOOOOOOOOOODOOO
gooooO0oOoOO0O000O0OOO0O000O0C000O0Kuchibue dOOOOOOOOOOOOOOOOOOO
00oo00/oo0ooUooU00oboO0ooO0o0O0oU0oo0O0O00000O/00000000000L00DOO0DO0O0OOOOO
0000000o00o0oooooooooooooooooonoooooooooooooooooooooo
000d0oo0oooooooooooooo0oooooooooooooooooooooooo0ooooogon
000ooooooooooooooooooooooooooooooooooooooooooo0o0o0aoo
0000000o00o0oooooooooooooooooonoooooooooooooooooooooo
000000000000000000000000000000 91.8MByteOO 9.7MByteOOOOOOO
00o0o00o0o0o0o0o0O0O0O00O00O00O000O00OU0O0O0O00O0010000 91.4%0
0000000000000 0D0000000000091.8MByteJ0OO0OO00OO00O0O 98.6%000000

ooooo OoOoooOoOoOoOoOoOoOoOOoOOoOOoOooboOOOOOOOOOOOOOOODOOO

1. 0D OO0

000 Tablet PCO PDADODOOOOOODO
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
00000000 [1)000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000 [2,[3000000000000000
00004 000000000000000000

tooooooooooo
Tokyo University of Agriculture and Technology, 2-24-16
Naka-cho, Koganei-shi, 184-8588 Japan

ooo0o0oO0o0oUoooOoooOooOoOoooooooo
ooo0o0oO0o0oUoooOoooOooOoOoooooooo
oooooOooUoooooooooo
gobooobobooboobobobooboobo
000000000000000000 [5]0 [8]0Kit-
tler 0 0 O Product 0 O Sum 0O 0 Min O 0 Max 0O
Median 0 0 00 Majority Vote DO OO0O0O0O0O0O
00o00oO0oooo0oooooSumOO00000
ooooOoO0ooooOoUoUoUOooooooooooo
oo pooooooobooooOooooooooo
o0oo0o0oOooUooooooOooOoOoOooooooo
ooooooooOooooooouo)o 2o
goooobooboobobobobobobooboo
gooooooooobbooooboooooooboo
0od0oo0000ooOU00O0/OooooOooooooo
gooobobboooobboooooobooooo
o0oo0o0oOooUooooOoOooOoOoOooooooo
00 [BO0O0000O000OoUHidden Markov
ModelsOOOOOOOOOUOUOOOOOOODODOO
OO0 SumO00000000O0O00O0O0O0O0OO0OO0

0ooooDoDooooOd D Vol J90-D No.9 pp.2583-2594 (©UO M OOODODOOO 2007 2583



00o00ooooooo 2007/9 Vol. J90-D No. 9

00o0o0ooo0oooooooooo [4)o

gooooobobooooooooobooboood
gooooooooobobobbobooooooooo
0ooooooobooboooooobooboooo
poobooooboboooboboooooooboooooo
ooo0ooooUoUoooooOoOooOoOoobooooo
ooo0o0oO0ooUoUooooOoOoOoOoOoOooooooOo
oooooooOoUooOoOoOoOoUoOooooooooo
ooo0ooooUoUoooooOoOooOoOoobooooo
0ooooooobooboooooobooboooo
J000000U00o00o0U00ooUuooPDAO
gooooooboboboboooooobooboooo
goooooobobooboooooobooboooo
poooooooobooooooo

dooooo0ooUooUOOooOooooooooo
000000 DO0OO0 Linear-time Elastic Matching
LTMO[15] 000000000 Structured Character
Pattern Representation0 000 0O0O0O0O0O0O00O0O
000oo0o0o0o0o0o00oo0ooooooooelooo
goooooobobooboooooobooboooo
0000000 170000000 000oooooo
odooobooobobooooobooooooo
000D00000C0KittlerOOOOOOOOOOOO
oooUooUooOooUooOooOooOoooooI8oo
ooo0ooooUoooooOoOooOoOoOooooooO
ooo0ooooUoooooOoOooOoOoOooooooO
ooo0ooooUoooooOoOooOoOoOooooooO
oooooood

gobo2 000d0oooobooooooboboood
goooooooooboooooobooboooo
Ogodo03. 0000Db0O0b00O0bOO00DO4. 0DOD
o0ooooooooOoooooooos. oooo
O0ooooooooUdUde. DODOOOOUOOOO
ooooooooooooooooooT. oOooOoO
0oo0ooOooUooooooooOos8. 0OoOoOoOO

2, DO00OOOoOOoOoooOooogo

gbooobooooobooboobooooobog
goboooooooboooobooooboboobooo
gobooobooooboobbooooooboooobooooo
HANDS-nakayosit-98-090 0 0 O OO 1630000
gopooogoob w4020000oOo r3me0ogn
000 3,026 00000 Nakayosi-tO O O OHANDS-
kuchibue d-97-060 00O OO 12000000000

2584

0000 11,962000000 10,154 0000000
1,808 0 0 00 0 0Kuchibue d0O OO0 000 [19]0
000000000000000000000000
000000000000000000000000
000000 Nakayosit 000000000000
0000000000000000 Kuchibued OO
ooo

0000000000000 000000
Nakayosit 0 00 OETLOBO 00000 200000
000000000 3,0360[20)0 JEITA-HPO 0 0 0O
00 580000000000000 3,0360[21], [22]0
NTT-ATOO00000 51000000000000
1,2370[23] 0000 O

3. DOoOooooo

goboooooobobboooooobboobooo
gooooboooboooboooboooooooboobo
0000000000 Structured Character Pattern
Representation dictionaryt]1SCPR dictionaryT]0 O
0000D0000000OD Linear-time Elastic Match-
mgLTMODOODOOOOO 5000000000
gooOoo0oooooooooLTMOOooDoooo
gooooooooooooboooboboboobobogoo
gobooobooooooboooo

3.1 OO00OO0OO0OO0ooooboo

gobooooooobooobooooboboooobodg
Jooodooooooooobobobobboooood
0o0oOo000bOO0DoOO0DbOOo 10oO0bOoooooo
oooooooboboooooobooboooo
gb128x12800000000D0OOCODOOOD
goooooobooboobooooooooobogoo
goooooooooooobooobooboboobobogoo
goooobooooboooooboooboobooobbogoo
gooooboooboooooooooooobooo
goooobooooboooooboooboobooobbogoo
poooooooo

handwritten pattern 128 128

— 128 — 128

01 0oobobooooooooooooboooono
Fig.1 Normalization and feature point extraction for
the on-line recognition method.
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Table 1 Recognition rate of the on-line recognizer.
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Fig.3 Process to extract a feature vector for the
off-line recognizer.
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Table 2 Evaluation result of the off-line recognizer.
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256 / 40 91.8 18.5 | 86.9 | 96.5 | 97.5
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Fig.4 Recognition process of the combined
recognizer.
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Fig.5 Likelihood per evaluation score.
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Table 3 Evaluation result of the combined
recognizer.

n/k ooooo0o |oooo ooooo (%)

(MB) (ms)| 10 |30 |50
64 / 10 6.3 8.8 90.8 | 97.3 | 98.4
64 / 20 12.0 9.1|90.8 | 97.4| 98.5
64 / 30 17.7 9.5 90.9 | 97.4 | 98.5
64 / 40 23.5 9.9|91.2 | 97.6 | 98.6
100 / 10 9.7 10.6 [ 91.4 | 97.7 | 98.6
100 / 20 18.6 11.1| 91.7 | 97.7 | 98.7
100 / 30 27.4 11.7 | 91.6 | 97.7 | 98.7
100 / 40 36.3 12.3 | 91.6 | 97.7 | 98.7
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144 / 30 39.2 14.3 | 91.9 | 97.8 | 98.8
144 / 40 51.9 15.1 | 91.9 | 97.8 | 98.7
196 / 10 18.9 15.3 | 91.5 | 97.7 | 98.6
196 / 20 36.0 16.4 | 92.0 | 97.9 | 98.7
196 / 30 53.3 17.5 | 92.1 | 97.9 | 98.8
196 / 40 70.4 18.6 | 92.2 | 97.9 | 98.8
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256 / 20 47.0 19.7 1 91.9 | 97.8 | 98.7
256 / 30 69.4 21.1] 92.1 | 97.9 | 98.7
256 / 40 91.8 22.5|92.2 | 97.9 | 98.7
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Table 4 Evaluation for character patterns that have
turned to incorrect recognition by reducing
off-line dictionary size.
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Table 5 Evaluation for character patterns correctly
recognized by combining the on-line recog-
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Table 6 Comparison of recognition rates with previ-
ous recognizers.
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Table 7 Evaluation result of the off-line recognizer
and the combined recognizer when employ-
ing context post processing.
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