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HMM for On-Line Handwriting Recognition by Selective Use of Pen-Coordinate

Feature and Pen-Direction Feature
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Fig.1 A conventional HMM (6-HMM).
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Fig.2 HMM with coordinate feature (zy-HMM).
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Fig.4 The proposed HMM ((zy/0)-HMM).
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Table 1 Statistics of dataset.

F##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.5 Symbol distributions of trained stroke HMMs.
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Table 2 Error rates by the proposed HMM and the
other HMMs at stroke order-free recognition
experiment.

#strokes, K 5 10 15 20

0-HMM closed | 68.56 | 58.63 | 62.13 | 19.9
open |[69.42(59.73|62.13 | 19.1
zy-HMM closed | 9.49| 4.21| 2.38| 0.7
open |[10.04| 4.58 | 2.25| 1.0
zyO-HMM closed | 7.18 | 1.62| 1.00| 0.0

open 7.81| 1.91| 1.08| 0.0
(zy/60)-HMM | closed | 3.43| 0.37| 0.15| 0.1
(proposed) open 3.80| 0.47| 0.39| 0.0
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Table 3 Error rates by the conventional HMMs with
double states.

#strokes, K 5 10 15| 20
zy-HMM closed | 6.83 | 3.03 | 1.93 | 0.3
w/ double states | open | 7.23|3.37|1.98 0.2
zyf-HMM closed | 6.17 | 1.45 | 1.21 | 0.1
w/ double states | open | 7.00 | 1.89 | 1.14 | 0.2

04 O00000ODODOOimprovedd O OO degradedd
gobooooooooooooocooooooboooo
0000000 filedd 00000000000
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Table 4 The numbers of improved samples and
degraded samples.

zy6-HMM — (zy/6)-HMM

#strokes, K 5 10 15 20

improved|closed|2,978 (5.22)|496 (1.41)|58 (0.87)|0 (0.0)
open |1,618 (5.67)|285 (1.62)|29 (0.87)|0 (0.0)
degraded|closed| 838 (1.47)| 57 (0.16)| 1 (0.01)|1 (0.1)
open | 473 (1.66)| 31 (0.18)| 6 (0.18)|0 (0.0)
failed  |closed|1,120 (1.96)| 75 (0.21)| 9 (0.09)|0 (0.0)
open | 611 (2.14)| 52 (0.30)| 7 (0.21)|0 (0.0)
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Table 5 Major improved results.

#samzy-HMM — | #samzy-HMM — |#sam-HMM —
ples (zy/6)-HMM| ples(zy/0)-HMM| ples(zy/0)-HMM
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Fig.6 Samples improved by (zy/6)-HMM.
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Table 6 Major degraded results.

#samzy-HMM — |#samzy-HMM — |[#sam-HMM —
ples/ (zy/0)-HMM| ples(zy/0)-HMM| ples|(zy/0)-HMM
2060 O — O 188 O — O 22 0O —0O
119 0O — 0O 185 O — O 14 0 —0O
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Fig.7 Degraded patterns.
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Table 7 Error rates by the proposed HMM and the
other HMMs at stroke order-fixed recogni-
tion experiment.

without pen-up information

##strokes, K 5 10| 15| 20
6-HMM closed | 30.28 | 1.10 | 0.0 | 0.0
open |[31.04(1.46|0.1|0.0
(zy/6)-HMM | closed | 1.58 | 0.09 | 0.0 | 0.0
(proposed) open 1.78 {0.12| 0.0 | 0.0

with pen-up 1 information
#strokes, K 5 10| 15| 20
6-HMM closed | 8.17(0.14 0.0 | 0.0
open 8.62(0.14 [ 0.0 | 0.0
(zy/0)-HMM | closed | 1.24|0.03 | 0.0 | 0.0
open 1.3810.04 0.0 0.0

(proposed)
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