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Offline Handwritten Character Recognition by Self-similarities

Y OSHIHISA SHINOZAWA t

We focus on the self-similarities of the character patterns. A character pattern has the
self-similarities that a part of it, such as a stroke or a line, is similar to the other. The self-
similarities may represent structural features and restrictions of a character pattern. We use
the self-similarities of character patterns as useful features in recognizing them. The fractal
geometry is useful technique that can extract the self-similarities from the images. We pro-
pose how to extract the self-similarities from offline handwritten character patterns by the
fractal geometry and recognize character patterns by using the self-similarities. We examine
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effectiveness of our approach throughout the experiments with ETL8B.
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Fig.1 Fractal transformation.




Vol. 46 No. 3

R;0200000000000 1800000000
000000000000 D; 0000000000
0000000000000 D; 000000000
000 R, 000000 f
e DOOOOOO P
e DODO O
e 00000000O0O00000 (Da,Dy)
00000 MOOOOODOO0OOOO P o00x
0000000 ¢ 0450000000000000
000000000000000000000000
000000000000000000000000
0000 f£,000000000000000000
0000000000000000

R; = fi (Ds) (1)
0000000000000000000 F =
(fi,f2,---,fy) 0000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000
0000000000000000000000 I
00000000000000000000 FOO
0000000 GOOOOO X xYOOOOOOO
0000000000000000000

F(G)={] fi(D) (2)

000000 GOO0O0O00 100 r000000
000000000000000000000000
000000000000000000000000
000000000 MOOODOOOOO0000000
00000 1000000000000000000
000000000000F" = F(F*'(G)) 0
00000000 n—»oo000000

A= lim F"(G) (3)

n—oo

oo00o0O00 AOODOODOOO Aopooood
O FO0000000O0OOO

2.2 00O0OO0OO0OOOOO

oooooooooooooooUoOooooooo
000 100000000 oooooooooodg
0000000000 NelOOODOOOOOOOO
0 Fractal Invariance TheoremO0O00000%00
0000000000o0oooooog FO AOO
000000000000 0D0000O0OF(A)=A

ooooooooooboooooooooooboooooo 861

Jo00d0o000ooooooooon FO AOO
gobdddooooooooooooooooooa
00000 ADODODO0OO0DOODOO00 Fa OO
J00000000000o0ooo0ooDoOoog AQdO
ooooo
Fa(A)=A (4)
000000 BOODOODDODOO FaOOOOO
gooboodoooboobooooooobooobooooda
Ooooooooooad
Fa(B)#B (5)
OO0 NelOODODDODOOOOOODODOOOOO
0O0000ooo0ooooooooooooo

A nA—Fa(A)~ A (6)
god000o000d0o0o0ooooooooooo
3. 00O0oO0oOooooQ

3.1 0DOOOOOOO
20000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
oon 15),16)D

0Dl000000000O0O

0oo i(i=1,2,---,N)0OOOOOOOOOO
00000000000 XxYOOOOOOoooo
1000000 »r000000000000000
000000000000000000000 rxr
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000F; O
000000 2M0000 M= (X/r) x (Y/r) O
000000000000000000000000
000000000000000000000000
O0ONOOOOOO000O0O0O0OO0OO0O0000000
00000000 F, 0000010000000
ooooooooo
02000000000000000
0000000 GOOOOO X xYOOOOOOO
0000000000000000000000 F

0:=1,2,---NOOOUOOO (2)00ooooooo

oo0oo0oUoooUoo Gy =F(G)o0ooooo
goooooooOo0o0o0ooo D, oooobooooo
gobooooooooooboooobD 1000000
()000D00D0000O00000000O00oO0O0O



862 goooooooo

0 R,00000D0O0O0 MOOOOOOOOOO
0000D00010000000000000000
00000 NOODOOOOOOODOOODOO0000
OONDOOODOODOOOOO 3
0300000000

0000000 GO NOOOOOODOOO G; 00
000000000000000000000000
000000000000000000000000
000000D000000000000000000
000000D000000000000000000
00000000000 GOO00 k0000000
F,(G)~GODO00D000O0 GOOOO kOO
00000 Fu(G)# GOO000000 (7)00
0000 GO00O00000 G, 0000 d; 000
00 3MO000000000000000000 G

FEXF/NI—

H VD

02 0000000000
Fig.2 Extraction of the self-similarities from character
patterns.

01 0O0O0oDooo
Table 1 Elements in the self-similarities.
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Fig.3 Recognition by using the self-similarities.
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Fig.4 The trouble with extracting the self-similarities.
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Fig.5 The other trouble with extracting the self-
similarities.
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Table 2 The self-similarities of a character pattern.
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Table 3 The results of extraction of self-similarities.
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Table 4 The results by changing the size of range blocks.

ooo ooo ooo ooo
6 X 6 144 92.07% | 95.79% | 97.01%
6 x3 288 93.02% | 96.44% | 97.40%
3 X6 288 93.06% | 96.33% | 97.27%
4 x4 324 93.45% | 96.60% | 97.58%
3x3 576 93.55% | 96.60% | 97.52%
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Fig.6 The restored images by changing the size of range
blocks.
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Table 5 The time for extraction and recognition.
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Table 6 The results by using neighboring blocks.
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c=0 | 92.07% | 95.79% | 97.01%
c=1 | 92.74% | 96.19% | 97.24%
c=2 | 93.10% | 96.42% | 97.40%
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Table 7 The results by changing the size of range blocks
and using neighboring blocks.
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6 x 3 288 93.02% 93.63%
3 X6 288 93.06% 93.60%
4 x4 324 93.45% 93.90%
3x3 576 93.55% 93.97%
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Table 8 The recognition rate of hiragana characters.
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6x6 144 96.40% | 96.50%
4 x4 324 96.75% | 96.80%
3x3 576 96.60% | 96.70%
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Table 9 The result by using two kinds of self-similarities.
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6x3,3xX6 576 93.72% | 96.75% | 97.65%
4x4,3x3 900 93.93% | 96.91% | 97.80%
3x3 576 93.55% | 96.60% | 97.58%

gobooooooooboooooboooooooon
ggoooodoooooooooooobobbOooooo
gooooobooooooooooboooooooon
gboboooooooooooocoooooooboooo
gobooobooooooobooocoooooooboooo
gooobooooooooboobooobooboobooo
gboooooooooboobooooooboooooooo
goboOoo2000nooooocoooonoooboonoo
gooooooooooooooooobobooo
gob200000000000000000DOD 1
gboooooooooooooobobooooogo
gobob20b000000000000000A0
gooboooooobooodob 10000 30000
goboooooosnooooooooooooboooo
3x30duosrebbnooooboooboOoOoonoa
o000 6x60 4x40000000000000
468[0 0000 6x30 3x60000 sveCO OO
gobooOoooooooooobooooooooboooo
goooobooboooooooboooooooonoo
gooooooooooobobooooooDobobooo
0000 4x40 3x30000 9000000000
gobooooooooooooooooobooood
goboooooooooobooOoooobooOoboooo
gbobooobooooooooboocoooo
goooooooooobooooooooboooobo
gobooooooooooooboooooboooboooo
goooooooooooocooooooooooo
goooooooooooooooooboboooo
goooooooooboooobooooooboobo
goboooooooooooooboobooboooo
gooooooooooooo 40000000000
goboooooooobooobooooooooooa
gbooboooocdobooocobooobono 6 xe0
o0o0ooooo0o pOOOOOCOOOOOOOOO
3x3U0bo0o0ouooooooooonon e=1000
gbooo1l1o0o000b0o0o0obo0o0 o000
010000000 POOP =2,3,4,5000
goooooboo0oooobOooooo wobo
P=4000093.9%000000000000000



868 goooooooo

010 00O0O0ODDODOOO
Table 10 The result by using two kinds of self-
similarities.
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