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Online Character Recognition Using Elastic Matching and
Eigen-deformations

HiroTO MITOMA,t SEIICHI UCHIDAt and HIROAKI SAKOE!

In online character recognition based on elastic matching, such as DP matching, many of
misrecognitions are often due to overfitting, which is the phenomenon that a wrong reference
pattern is closely fitted an input pattern by the matching. In this report, a technique to re-
duce those misrecognitions is proposed, where frequent deformations of each category, called
eigen-deformations, are employed. In case of overfitting, the matching between the two pat-
terns will not be expressed by the eigen-deformations of the category of the reference pattern.
Thus, the overfitting can be detected by evaluating the divergence of the matching result from
the eigen-deformations. The results of recognition experiment showed the usefulness of the
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proposed technique.

1. 0 O00anO

00000000000000000000000
00000000000000000000000 3
0000000000000000000000000
010000000000000000000000
000000000000000000000000
0ooooo

ODO0oOo0oOooooobPOOOOOY? 0000
DPOOOOOOOOOOOOOOOOOOOOOO
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000O00DPOOOOOOOOOOOOOO

+0000
Kyushu University

2845

ooboo
ooobPOOODOOOOOODOOOOOOODOO
ocoooooooOOOoOoOoooooboooooOo “17
oooooobpOOOOOOOO “vD0OO0O0OO0
gboboooooooooooooooooooooboo
goooooooo«wroooooooooo «rro
gooooooooooooooooobooboooo
goooooooooooboooooooooboDbobo
gboooooooboobooooooooooooo
gbobooodoooooooooooooooooa
goooooOOoooOoobooobpPOOOODOBO
odoooboooooooooboooooooooo
ocoooooooOOOOOO0OO0OO0O0O000“1r00

oooo000 20040 30000000000000000
1500000000000000000000000O00DO00
goooooooooooooooOoOOO0OO0O0O0OO0O0O0O0
gooooooo



2846

0000000000000000 “7000000
000000000000000000000000
0000000000000000000O00ODP
00000000000000 Statistical DTW ® O
HMMY"® 0gnooooooon
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000 “ 00000000000000000
000000000000000000000000
«“» 000000 1000000000000000
000000000000000000000000
00 “1’00000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000 DPOOOOOO
0000000000000000000000
00000000000000000000000
0000000000000000O07® 00002
0000000000000000@G) 000000
00000()00000000000000000
0000000 ()0000000000000000
000000000000000000DPOOOO
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
00000000 (i) 00000000000000
000000 10000000000
00000000000000000000000
000000000000 1970000000000
oooooo92Y0000000000000non
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0O00O0o0O00000O00Oon

2. 00gobOoOOobOOoO0obOo0obOooboobon

goooooooooobobooobooooon
goooobooooobooooooobooooooDo

goooooooo

Dec. 2004

gooooooobooobooobooboobooboono
goooooooooboboboboooooooooobo
() DPODOODOO0DO0DO0DO(@) 000D
OoOooOoOoO0O 2000000000000000
gOoooooOooooOoOobOoOOoDOoobobooono
ooo
2.1 DPOOOOOOOODOOOOO
0cOD00ODODODODO R.OODOO
R.=71,72,...,Piy...,TT (1)
ooboooono egbObOO0 nOODLDODODO
0T.,0000
Ten=t1,t2,...,t5,....t; (2)
goooooo », 000 ¢, 0000000000
oooo
v = (o]0, d7)T (3)
by = (&40l )T )
go00ob0 000y 0O00DOOODOOOOODOO 3
goooooooooooobooon »~0¢3010J
00000 reiOten,0L0J., 00000000
goooboooobobbobobobuoobooboo
oooono
20000 R.O0T.,000000000CO0O0DO
poo0oboooOooboooooao
oooooag

il

ooooooooom

J(1), .., 4 (@), ..., 5(1)
gooooo

r; *tj(i)H — minimize

j() —j(i—1) € {0,1,2}
j 1

00000 |«|00000 0000000000
V2T 0000000000000O0000000
gbpPO0O0OOOOOOODOODOOOODOODDODOO
oooogd Do(R.,T.n,)OODOODOOODOO

DO(ch Tc,n)

(5)

..........

000000000000000 RO T., 000
000000000000000000000000
0oooooo

0ooo j(1),...,7(J)0 20000000000



Vol. 45 No. 12

000000000000000000000000
000000000000000000000000
000000000000 0000000T,., O
2/00000000 v, 000000000000

Uc,n=((907{—90;(1),21{—yj'(l))wwa
(%r*x;(i)»yf*yﬁi))w-,
(x?*xj-(f),y;*y;(l)))T (6)

JoooObooOono cOdObOODbDODOOO RO
N.OOooooooo 7., 00 DPODOOOOOO
ooonN.ODDODOOOO v, OOOOO

2.2 JO00OO0OO0OO0OOoOoOooboooo

goddoooooobooooooooooooa
dddooodoooooboooooooooooono
Ooobo0o0o0oo0oo N.ODODODDODODDO v, O
goooooooooooaoao

0000000 0000000000oO0o00

B D ven (7)

gooooooo
1 &
_ = = \T
Se = 3 D Wen = Te) (Ve — o) (8)
n=1

00000000000 v, 00000 (6)000
02/ 000000000000000000000
00000000 (7)00000000000000
000000 11) 0000000

0000 £, 0000000000000000
{ten, .. ., u.y} 000000000000
000 {Aety s dems - Aen} 00000000
000000000000000000 mO0000
00000000000000000 10000 e,
00000000000000 mO0000000
000000000000000000

Sy Ue,ms -

3. bOoOooooOooboo

ooobpPOOOOOOOCOODOOOOOOOO
goooooobooooooooooooooooon
OO0 DoOOOOO0O0OOCOOOOOODOODOOOO
gobobiroobooooobooooooboobooooono
goooooboboi10000o0o0ob0oboOooooon
oooooooooooobO0000 «9ooood
000 «%’000000000000000D000
oooo«’oO000OooooooOo «9ooood
goooboooooooooooobooboooooo

oooooooooobooooooooooooboboo

2847

.‘6‘_.:._0‘..
—e— reference : 9(c=19)
=o=—input 19 =o=— input 19
Do =0.789 < Do =0.844

01 0D0000000000000000000000 “9”— 0
000 «?M0O000 ¢c0000 2000000000 ¢
ooo

Fig.1 Example of overfitting.
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Fig.2 Reference pattern used in the experiment.
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Fig.3 Reference pattern deformed by the primary eigen-deformations of its category.
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