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Character Recognition with Mahalanobis Distance

Based on Between-Cluster Information.
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Graduate School of Engineering, Tohoku University
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Abstract In the case of using the Mahalanobis distance as discriminant function, usually the covariance matrix
calculated from training samples is used. However, it is extremely difficult to prepare enough training samples if
the dimension of feature vector is large. Therefore, estimated eigenvalues and eigenvectors of covariance matrix
will include errors that cause misclassification. In this paper, a new method to construct an effective discriminant
function is proposed by considering between-cluster information. In the proposed method, if the number of calculable
eigenvalues and eigenvectors is not enough because of less training samples, some new axes are constructed and then
the pseudo-variances are computed based on the between-cluster information. The effectiveness of this method is
shown by the experiments with handwritten characters.

key words character recognition, mahalanobis distance, between-cluster information, estimate error, ETL9B



1 00on

0000000000000000000000
00000000000000000000000
00 [(100000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000
0000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
[20000000000000000000000
00 [3][4] 500000000000 200000
0000000
00000000000000000000000
00000000000000000000 [3]00
00000000000000000000000
(MMD)OOOOOO0O0O00O (40000000
0000000000000000000000 2
00000 (MQDF)O 0000000000000
00000000000000000000000
00000000000000000000000
000000000000000000000
0000000000000000000000
00000000000000000000000
000000 5|0000000000000000
0000 (000)0000000000000000
00000000000000000000000
00000000000000000000000
0Ooo00o0o0ooo0o0
0000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000
0000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000

000000000000000000 (0000
0)ooooo
0000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000 (20000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000000 3]0 [4
00000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000

2 Jooooubboogd
21 OJ0O0Dgooogo

00000000 d*(z)0 c0000000000
pO0O0000000DO0O0OXO00ODO0O0O0O0OODOOODO

d(@) = (¢—p)'S" (@—p) (1)

00000000000A0000000000 k
000 (A >-->Mp)0e,0 0000000
000000000

Do
2

Sl 9

%;A —p) (2)

O0000000000000 POOOOOOOOO

DO00000000000000000000000

00000000000 0000000000

f:i
:)\
Jdodooooooooooooooog Mmooo
doddooooooooooooooooood o

OO0 NODOOO M <min{D,N-1}000000O
000 3)ooooooooboooooooooo

— )’ (3)

22 00000DOOO

goobooooboooobooboboooboo
gobooboobbbooooobbooobobo



0100000

g 2000

O00oooooo0oO0oOo (b 20)opoOoOoOOOO
O0000@)Uooooooooooooooo
000 (0D000000)000o0Dooooooo
goobobooboooo1gbogooobbooooo
gogobobooboboooobobooogood
gobobobooooooboboobooboobbod
gbogubbboobbooooobboouoga
gboboodgbouboboobbobobouooon
gobbooobooooooooobboogn 20
goudlgooabobooobboooooogd
gboodgboouooaobgood

gboboobboobboobobobooogon
gobooooooobboboobooobo3uonoon
goboaan

3 doboouubooobod

3.1 Ougoouboooon

0000000000000 D0D00000000
000000000000 000 DOOOOOOO
00000000000 00000000 M+10
00000000 D0OODDODOODOODDODn
D000 k0000000 ¢, = (@r1,-->0kp) O
00000

gbobooboboobooooobbobobooaon
gbobooobooobbooobobbboooooo
ugogbobuodgobibodooobobobooboo

3.1.1 0OUOO0oOggno

(1,0,---,0)0(0,1,---,0)0 00000000000
00000000000000000000000
00000000000000000000000
00000000 Ooo0oo

t
Pr = (@m, C L Pr(n-1), 0, Pr(na1)s a‘PkD)
(k=1,---,i) (4)

goboooobbboooobbboooooon
ugbogbod:+10000000000

,0)° (5)

gboooogobooooboboobobobooboobodd
goooooobboobood

‘pi—f—l:(()?"'vo:l?o:"'

3.1.2 OU0O0O000040OoobooOoooOd

gbbooopooooobobbobobgooobon
gogbobobboboooboooboodgoaa
gbogbooobobobooboboobogoaobogn
DOOboOO0;0b0dobobooboboooDbo
D—-:00000000100000000

gboobuogoobooboobobbdo.-.0ogd
goooobobb«+1000000000000
gooboooboooobOo1o0b0+«4200000
ogogoogoobooboboboobooon

P11 P16+ Pli+1)1
. . . —0 (6)
Pil o Pii41) Pi+1)(i+1)
Clsn T+ Phnyirny = 1 (7)
Pty (iv2) = = Parp =0 (if exists)  (8)

ggbobooodoaoobod

3.2 OUgooooo

gdgbooobbooooooooooboboon
ogoboobobbobooooboboobobooo
gbbodbobooouobboboobooboaoyd
ggoooooboooboboobobooooogn
gooooboogn



1.000000000000000000000
00000000 (3O 3(a)0

2.000000000000000000000
000000000000000000000
0 (0 3(0)0000 200000000000
000000000000000000000
oDoooo

3.000000000000000000000
000000000000 (0 3(c)02000
0000000 -1)00000000000
000000000000000000000
0000 10000000000000000
000000000000000000000
000000000000000000000
0ooo

4 0000

gobooobobboooooboboooooo
Oooo00oooOoooOoo@ooooooooo
00000000 (10)oooooooooooo
O0O0O0OMQDF4|0 2000000000000
gbbooguoooooboboobboooagobood
MQDFOOOODOOODOOOOODODOOOOODO
00000000000RDO000D0OODOOOO
000000000000000000000 A20
goboooboooo

g(x) =

4.1 0OO0OOODO

00000000000 00000 ETL9B[8|O
gooboobbor1gboobbooogg 200004
goob 100 200000000000000 21
god2o00obobboboobooobbgonogd
ooboobobooobboOobde4axe40boon
00000 [f0000032x3200000000

pseudo-eigenvector

domain radius '

probability distribution of 0 O O

() 00000000

pseudo-eigenvector

domain radius :

candidate for pseudo-eigenvalue / boundary of clusters
\—'_/ |
|
| |
|

probability distribution of 0 O [ probability distribution of 0 O O

(byOooo

/ pseudo-eigenvector

/ |

candidate 3

candidate 2

candidate 1
(adopted as pseudo-eigenvalue)

(00000000

U 3:000o00ood



gooobbobobobDedx6e4000000000 40
0((2x2)000000 32x320000 10000
obooobooooobobDbbOoO 32x3200
oooboob 100000 20bobobboon
googogobooooboobbooboboood
ugoboguuobogad

4.2 00000

04000000000000000000000
0000 10000000000000 0000
00000000000000000000 [9)00
000 »00000000000000000000
n=155156 00000000 85.70%0 0000
0000000000000 =17900000
53.04%0 0 000000000000000000
00000000000000000000000
000000000000000000000000
00000000000 000000000000
00000000000000000000000
00000 10000000000000 15000
0000000000000000000(10)00
0000 m=1500000

0500000000000 100000000
000000000000 10000100000
00000000 15000000000000 0874
0000000000000 0000000000
000O0000200087400000000000
00000000000000000000000
000000000 5000000000(001)
aisialsisfa]sislulaln

000000 A2000000000000000
00R2=0900000000 95.49%00000 0
00000 K20 0900000000000000
000100000000000 95.07%0 000 0h2
000000000000 A0000000000
0 (9000000 20000000000000
0000000 10000000000000000
(10)00 (1) 00000000

CA |
g(x) = E:Eﬂ%«@—uﬁ

k=m+1

(11)

gbil1o0boooboboobobobooood
gooooboboooooooboboobbooobn
goooboboboboooooo 2000000
O00ooO0o0ooooOoOoD (1y)yoooooooo
goooooboboboboobobbosuoonon

100

80

60

40

Recognition Rate [%]

20

20 40 60 80 100 120 140 160
Number of Eigenvectors

U4 00000000O000OO

96

94

92

Recognition Rate [%]

86 I I I I I |
10° 0.0001 0.001 0.01 0.1 1 10

h2

s guoooobd

00o0o0o0ooooOo (9ooo 10002000
gggoaoobobouoobooboooboooboo
gboodoboooobboobbboooooog
OA0000000000000D00000000
gbboboobooboboboobobobooboo
ggboboooooooboobooooboboo
gobobooboobooboobboooobooo
ugooodgbooobguoboodgggad

5 00O

gboooguooaobooogooooboobn
gboooboobobboooboobooobon
gbogogobobooooboboooubbbaod



guo goo
oo 1] 95.56
o 2| 95.28

U 10booooof

gbboobooobbooboboobooogdyd
gboobobuobboooooobbuoooo
gooobobooboobooobooooobon
oobooooooooooboooooono MQDFE
gobobooboobooboboooooooao
gooooooboobod
OO00o0obOooooooobooDoDDOo MQDEDO
0000000000000000 A000000
gobbooooboobboboboooooo
ggbooooogooboobobobbuaoon
googogo
goboobooobbooooooboooon
gboodgobugououobooogbouoogn
goooobbooboooooooboooooo
goooooooobboooooooobooobooog
uboobobdbodoboaoo

goodg

[1] Richard O. Duda, Peter E. Hart, “Pattern
classification and scene analysis,” A Wiley-
Interscience Publication, pp.24-31, 1973.

2] 000000000000 D000“0000000
0000000000000 000 (D)Ovol.J70-
DO no.30 pp.567-5730 19870

3] 00 MOoOOU0OOOOooOoOo“0ooOooOon
Oodooooooobooooooooooon
O 000 (D-II)0 vol.J78-D-II, no.6, pp.922—
930, June 1995.

[4 00000000000 D000000000%0
0000000000000000000000
00 000 (D)Ovol.J69-D, 10.9, pp.1328-1334,
Sep. 1986.

[b) 00 MOoOOOoOoOoooOooOo“ooooooo
0002000000 O000004vol.PRMU9S-
43, June 1998.

[6] K. Fukunaga, “Introduction to statistical pat-
tern recognition,” 2nd edition, Academic Press,
pp-39-40, 1990.

[ 000000000 DOOOOoO“0oooD
oo oo—auoouoouoooooodod
000 (D)Ovol.J67-D, no.11, pp.1379-1383,
Nov. 1984.

[ 0000000000000 OO«ISO 100
0oooooooono ETLOD0ooom oo
0 (D)0 vol.J68-DO no.40 pp.757-764, 19850

) DO00O0OOO0OOO0OOOooOoo“C00oDon
oooooooboOooobooboogogooo
0000000 00DDOOD2G24, p.286, 1998.



	表紙
	1 はじめに
	2 少数学習サンプルの影響
	2.1 マハラノビス距離
	2.2 起こりうる誤認識例

	3 擬似固有ベクトル・擬似固有値
	3.1 擬似固有ベクトルの作成
	3.1.1 標準基底の利用
	3.1.2 擬似固有ベクトルの一般的な作成法

	3.2 擬似固有値の作成

	4 認識実験
	4.1 使用サンプル
	4.2 結果と考察

	5 結び
	参考文献

