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An HMM Representing Stroke Order Variations and Its Application to Online
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Fig.1 Cube graph for stroke order-free recognition.
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Fig.2 Sets of states, S(k), Pre(m), and Post(m).

gooooooooO  HMMOOO0O0O00000000
gbooboooobooooboobooboboooobobogaon
gooooooooboooooooooooobo HEMM
gboboboooob gn.00O0O0OD0OOOOOODOODO
gboboboooooooooboog pm, oo
ooooooo HMMOOOOOOOOOOOOOO
gooooboooooooooooboOoooooooboo
o000 HMMOOOOOOOOOOOOOOOOO
ooooooo HMMO0gm,, 000000000
oot pm.,0000000000C00OO0OO0OO00OO
gooo

gooooooobooobooooboo 20000
0000000000000 0O meS(K)OOODO
goobo ex0OOOOOOOOODOOOOOODO
goooooooooooooooobocoobboo
OHMMOOOOOODOOOOOOOOOOOO
ooooooooooooos.2.10000 ()0

max opmq,m 000000000000
lePre(m)

goooboooooooooooboOooooooboo
gooooboooooooooooboOoooooooboo
goooooobobobobooooooobooobooo
ooo

U =

4. O 0

4.1 0000O0OO

gboooooooooobodobooooboooooo
0000000 “HANDS-kuchibue_d-97-06-10" [14]
goooooooooooooooboooooooboo
goooboOooooooobooooosbloglsg2000
goooooooboooooooooooob HEMM
goooobooooooooobooooboooooooboo
obobooOooooobcobooooobOono 100
gooooooooooooooooo

goobooooOoboooooOooooboooooo
128 x 128000000000 O00OO0OOO0OO00
gooooooooooboooooon

4.2 00000 HMMOOO

goboooooooooooooOoooooobo

01 00oooooooooo
Table 1 Statistics of dataset.

#strokes 5 10 15| 20
F£categories 67 76 21 2
F#samples 28,525 | 17,605 | 3,336 | 624
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Fig.4 Trained stroke order variation of “00”.
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Table 2 Error rates by the proposed method and the
conventional method.

#strokes, K 5 10 15| 20
conventional | closed | 9.06 | 2.13 | 1.14 | 0.2
open |9.55(2.26|1.26|0.2
closed | 5.98 | 0.22 | 0.06 | 0.0
open |6.47|0.70 | 0.54 | 0.0

proposed

ooooooooooooooooo “0”0000
100 s000000000000O0DOO00O0O0O0ODO
gboooboooboooobooboobobooobobogaon
gooooboooooooooooboOoooooooboo
gooooboooooooooooboOoooooooboo
gooobooooooooooobocOoooooooboo
gooobooooooooooboOooooooboo
4.4 00O OO

4.4.1 0 0O O
02000000000000O0O0C0CGCOCOROLO
goo3ooooooooooooooobooboo
gooooooooooooooooooo 30000
gboooobobod pm,, OOOOOOOOODOODO
goooooboooooooooo3boooboooo
ooooO0oO0o0oo0000oO0oO0n “open” 000000
0000000000000 “lesed”00000O0O
gooooooooooooooOooooooboo
gboooooooOoooooocoooooobooo
2.20000000000000000C0OCCCOO
0000 1.00000000CCCOOOOOOO
gboooboooobooooboobooboooobobogoon
goooooooooboooobO HMMOODOO
gbooooobob egn 0000000 bOOOO0O



gooooooooooo eEMMOO0OO00000000000000

03 000000000improved OO O degradedd
gobooooooooooooocooooooboooo
0000000 filedd 00000000000
ooood%o

Table 3 The numbers of improved samples and de-

graded samples.

#strokes, K 5 10 15 20

improved|closed|(1,821 (3.19)|674 (1.91)|72 (1.08)|2 (0.2)
open | 981 (3.44)349 (1.98)[34 (1.02)/1 (0.2)
degraded|closed| 63 (0.11)] 3 (0.01)| 0 (0.00)[0 (0.0)
open | 103 (0.36) 75 (0.43)[10 (0.30)0 (0.0)
failed  |closed|3,347 (5.87) 76 (0.22)] 4 (0.06)[0 (0.0)
open [1,742 (6.11)| 48 (0.27)| 8 (0.24)0 (0.0)
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Table 4 Major improved samples.

#sam input recognition result
ples conventional proposed
cat. order cat. order cat. order
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Table 5 Major degraded samples.
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Table 6 Error rate by the proposed method with in-
cremental training.

#strokes, K 5 10 15 20
proposed with | closed | 3.38 0.10 0.00 0.0
inc. learn. open |3.94 0.60 0.45 0.0
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