o000 00000000
THE INSTITUTE OF ELECTRONICS,
INFORMATION AND COMMUNICATION ENGINEERS

oooo
TECHNICAL REPORT OF IEICE.

Jodouobooboobgougn

guoouobodoooobbooood

o0 oot 00

oot oOo oof

100000000000000 0599831 0000000 1-1
E-mail: tsukada@m.cs.osakafu-u.ac.jp, {masa,kise}@cs.osakafu-u.ac.jp

goobO ooObobooooobobbooobboooobobbobbboobboooobbooooobbOooon
goboobooboboooboobooboobbooboobooboobbooboooobobooobooboo
OO0000O0OOo000DoOoo00O00o00oOooO000oDoOoO000DOODO00O0DOOOO0DOo Self-corrective
recognition algorithm 000000000000 COO0OOOOCOOO0ODOOO0ODOOO0OOOOODOOODOODOOOO
goboboobooboobooboobboobooboobooboobobooboboobbooboobooboo

gbobooboooboobogboobuooboobooon

OO0000 00000 self-corrective recognition algorithm0 semi-supervised learningd 0000000000

gooaoo

1. 00ogg

gojodoobooooogoogoobbbbooooouooga
Joo0booDoOoo0ooboooboooboooooobooo
goboooobbobobooooboooboobobobooo
Jod0o0o0ooobooO0o0ooboooooDoobobooooooo
000000000000000000Google Goggled ™0
000bOo00o0oDbo0oooDbOoOooobOobooooobooao
gobooooboooogobobuooobboooobobooo
OO0Evernote“* 00 0000000000O0O0O0O0O00O0OO
gooboobobooooboboooboooboboooobooo
000000000000 00o000ooon™ s moooon
Jgoo0o0oobooo0obobboOoobbooobobooooooo
ooooooooooooooooobooooooooooon
oooboooobooooooono

gogoboobobobooobobooobboobboogobo
Joo0booDoooooooooobooobobooooooo
goboboobobboobbooobboobbuoooboo
Joo0b00o0ooDbOo0o0obDbOoo0obObOooobooboo
O00oo0o0ooo joooooooUooooooooo
0o0o0ooooD0bOoOoOoO0000o00oooooooooo
gdobooboboooobobooobboooboboooboo
ooad

goobooobooooobooobbooboboooooo
o0oo0oodooboooooooooooa [Q]DDDDD

00 10 http://www.google.com/mobile/goggles/
00 200 http://wuw.evernote.com/about/intl/jp/
00 300 http://tangochu. jp/

gogboboobbooobbooobooobbooboboo
gbobbobobobooooobooboboboboobooo
gboboboboboboboboboboboobooobooo
gbobobOobooboboboboobobDoooooooo
goboobobooobooobbooobboooooon
gbobobOoboboboboobobuoboboobooobooo
gboboboboboboobgoog
gojodddoooooooobobboooooooooo
goooboboboooooobobobbbbooooooooo
NEOCROOO [BJUNEOCRUOODOODOOOOOOOODO
ob000s2380000000ooooooooooooon
0000000000 Google Street View (4] 000000
gloooboooooobooboooobobobobooo
00000000000 00000000D00 Google Street
ViewOOODODOOOOOOOODOOOOoOooooDDooODoOOo
gbobobobobobobobobobobobooobooon
gboboboboooooooobooboboboboobooo
gbooboobooboooobooboboooboobobobooo
Amazon Mechnical Turk"*" 0000000 [5/000000
gboboboboboboboboobobooobooooooo
gbobobOoboboobobooboobobooooooobooo
goboboooboboooobobooobobooobbooon
gboboboboboboooooooboooooo
0000000000000 0oooOoooog Self-
corrective recognition algorithm 00 00 0OOO0OOO
O [6,7]0 Self-corrective recognition algorithm 0 000 00
goboooboooobboobboooboooobbooon

00 400 https://www.mturk. com/mturk/



[ wmErE formrr—s

%—/5/\“”/7:;[,?*67/

Accept

[ =@

Y
(5) (3) EEtERE
(4) BFE

O 1: Self-corrective recognition algorithm O O O

Reject

goboooobooooboboooboooooboooooooon
ooooooooobooooooooooooooobooooooon
goboooobooooboobooobooooooooooooa
gooooobOoooooobooooooboboobooooo
bobodoboboboobooooooooooooooooon
gobooooobooooboboooboooobooooboooooo
goboooobooooboocooboooooboboOooobooOoooo
oboobooboooboooooboobooooboooooo
goboooooboooobooooo

goboooobooooboooooooobbooobobooooo
goboooobooooboobooobooooboobooooooooo
gobooooboooobobooobooooooooooooa
goooooboooobooooboooooboooooooooo
00000000000o0o000o [plobo0oooooo
gooooooboooobooboooobooooboobooooboooooo
goboooobooooboboooboooobobooooooooo
gooooobooooboooobooooboobooooboooooo
goboooooboooobobocoobooooobobooooboooooa
ooboooboooo

2. 0000

Self-corrective recognition algorithm O Semi-supervised
learning O Self-training 0000000000 [8]0

0000000000 SSelftraining0 0000000000
0000o000o000D0oo [9-11jooooooooooo
Semi-supervised learning 00 0000000000000 0O
O000ooO0o00oooooooooooooo

Graph-based semi-supervised learning 000000000
O000o0ooooooo0oOoOoo 812000000000
00000O0o0O0o0ooO0o0oU0oooOooooooOooooo
0000ooO0o0o0ooOoo0oooooooooooooo
0000000000000 0000O00o0oooooooO
O00o0o0o0oooOoooooooooooo

3. Self-Corrective Recognition Algorithm

Self-correvite recognition algorithm 0 0000 10000
0000000o0o00oooUo(l)ooooUuooooooo
o0oo0oDoO0ooo0ooooUoOo@)oooooooog
00000000000 0o0O0oUoOOo@® ooooooooo

> 4 A
A K

0=7%) (=% (9—z,¢—%)

0 2: Century 0 ‘A’0 Arial 0 ‘K’000000D000

—~

0000000000(4) (3)000000000000000
00000000000000000000000(5) (2)0(4)
00D0000000D000000 (600000000000
0000000000000000000000000000
0000000000000
000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000D0000000D000D0000000000
0000000000000000000000000000
0000000D000000000000000000000
0000000000000000000000000000
000000D0000000000 1000000000000
0000000000000000000000000000
0000000000 200000000000000000
000000000000000000000000

4. OOO0O0OOO0

4.1 00O0OO0OO
goooooooobooboobooooboobooboooo
gooooobooooooooboooboobooooboooooo

gooog
5 0 cos —sinf 1 tang «
T —
(0 ﬁ) (sin@ cosH) (O 1 ) (0 )
1)

000 000¢0a000000000000000000
000000000000 000 TO00 2000 yO
= Tz 0000000OO0OO0OO0OOOOOB0eO 1000
00000000000000000000000000
0060 [-70,—69.75,—69.5,...,+70] 00000 00¢ O
[—50,—49.75,—49.5,...,+50] 0 0000000000000
000000000000000000 224,961(561x401) O
000000000000 0000000000000000
020000

4.2 000000
000000000000000000000000000

o

Q=

9



AAAAA
KKKKK

i.[0.9,1.0) 1.[0.8,0.9) ii.

=

7,0.8) iv.

S

.6,0.7

=
=

5,0.6)

V.

0.4,0.5)  vii.

A A AP N
KX KNX~F

viL.

=

3,04

g
=

ix.[0.1,0.2) x.

—~

0.2,0.3 0.0,0.1)

03:00000000000000000000000000000 Century 0 ‘A’0000 Arial 0 ‘K.

000000000000 DbDbO000000D00O Zero-mean
Normalized Correlation Coefficient(ZNCC) 0 00O OZNCC
0 [-1,]]00000000000ooooo [o,jooooo
gobooobOooobooobOOoODOOOOOODOOObOOODO
oo

gboooooboooboobooooobooobooboo oo
obobooooooooboo 3oboooooobooooooo
0[0.9,1.0)0000000000001000.8,09) 000
goooooooooooooooboo sbooooooooo
googoboobocooboobo 1oo0obooooobobooooo
gobooooboooobooooboooobobooooboooooo
goobooooobigoobboboobOobooobobooo
obobxO0OO0OO0O0OOO0oOoobOoOooooooo

5. U g

5.1 0000

oobooooboooooooooooobobooobooooo
O0oO0oooUoOoooooUuoooooooooooo 13
goooooboooobooooboooobooboOoooooooo
oboooobooooboobooobobooobboooobooOoooo
gobooooboooooo

00000000000 Century O Arial 00000000
goooooooooo0oooooooobo0oO 120pt00
O000DO0O0000000000000000D00 64x64
goooooboooobboooboooboboooobooOoooo
0000406 0000000000000004,096000
gobooooboooobobooobodoooooooooooa
gooooobooooboocoobo40ebb00O0OOOoOonooOn
4000000000000O0O0OOOCOCODOODO 400000
goboooooboooo

5.2 0 0O 1

ob1000000b000O00o000oO000oDbO00D00
gobooooboocooboobooobooooobooooooooa
gobooooboooobooooboooobooooboooooo
goboooobooooboobooobooooobobooooooooo
gobooooboooobbooooboouoobobooooboooooo
obooobooobooooboocbooboobOoboOobOobOobOooboon
0000000000000 C0C0000C00OO00d Controlled
sequence 0 0000000 OOO0OOOOOOOiOOOO
goooboooboooxbooooooooooooooooo
oooooooooooooooobobobooooooobooo
goboooobooooboboooboooobobooooboooooa

000000000000D000D0DO Random sequence O 0
go000o0d0oOoO0ooOoOo0o0oboOOoUobooOooobooOoooo
giggoooobooooboooo cooobbooooog
go0000db0OoOO0OoboOo0oO0boOOoUoooOoooogoooo
0 Century D000 (a)71,5000 (b)2,231,504 O 0 O O O Arial
0000 (¢)71,4330 (d)2,179850 D0 00000 0DOOOOO

000000 40000 Controlled sequence 0 Random
sequence [0 0 0 00O O O Controlled sequence 0000000
000000000 Controlled sequence OO O0OOODODO ii
00000000000000D0000D0O0O0ODORandom
sequence 100000000 ixOxOOODOOOOOODODO
dooooooboboboooooooooooooooooono
00000o000ooooooOo cooooo MOOooooo
O RODOOODOOOODODOO

Ne

—— Ne 2

¢ Ne¢ + N + N» @
Nm

M=— """

Ne+ Nm, + Ny ®)
N,

_ ' 4

R Nc+ Nm + Ny @)

N.OOOOOOOOOODOOOOoOoooooooodN, o
000000000000000000000000000N,.
000000000000 0D0O00O0DODO Controlled
sequencel] Random sequence 0 COMOROOOOOO 102
0000000000000000000000 R=0%00
O O Controlled sequence 0 0 0 Random sequence 0 0O 00
000000000 o0o0oooooooooooooooon
o0o00o0odoooooOooooooodoooooo 1020
O Controlled sequence 000 COOOOOMOOOOOO
O000O000ODO0O0O0000000000000 Controlled
sequenceJ CO MOOOOOOOOOOOOOOOOOOO
000000000 400 4b)0000D0O000OOOOO
000 4b) 000000000000 4(c)00 4d)00O0
O0U0oo00oUoo0 4dooooouooooooooo
000000000 o0oooooooooooooooooon
000000 0o00oooooooooooooooooooo
dooooooooboooooooooooooooooono
000000 000oooooooooooooooooooon
do0oooooooboooooooooooooooooono
00000000 0oooooooooooooooon
0s000000000000D0O00DOO0OOODODOODO
0000000000000 000oooooooooon

— 3 —



T T T T T T T T T T T T T T T T T T
100 b ) N ) . Initial XA 100 b i Initial xxxx|
) 3 5} o ontrolled sequence &zwm 3 © Controlled sequence
9 SRS = S Random sequence 90 58 &S < Random sequence
S S % B 0 S g -
80 | I o< R T . 80 |- . d B T
70 F ORI B B i 70 F S SIS S F i
= s B o8 B g = 3 §:> I
g O o Bon dE I g O : S I
© j, o) - < o N &
S 50r o8 bE o oRd H OB - S s} CH: B
] i oK & ) 3 (S5 ) ) & o ‘:23
< wf 3 58 B g A < wf g S T - N B
& S i 3 § s o S
30 - & 2B I I 30 - 2 Lo o808 B
20 + X AT < T 20 + & S K O .
@ e g t 8 9
10 g ST 10 8 2 N
9 S o - () 8 3” Wé’j;‘
0 o ! : 0 : e S
ii i iv v vi viiooviiioix X ii iii iv v Vi viiooviiioix X
wEIIL—T wEIIL—T
() D0DDOD CenturyDODDDODODOOOO 71,500 000. (b) 00O0DOD CenturyDOOOOOOODOD 2,231,504 000.
T T T T T T T T T T T T T T T T T T
L L Initial xx=xx)|
100 - 100 o Control led sequence ]
9 | Qj . 90 | o Random sequence
80 - b o 80 : :
B S ke 2 T B 5 ] 7o -
&) % P4 & * !
= T0f g BB - = T0f 2 a4 .
= I R = o g8
% 60 - 3 xﬁ a E % 60 - 0 S 0; -
[ < & o 5 3]
5 50 o) 9] - - 5 50 | <) o < & ]
g a8 g 3 3 s 8
< 40r B S < 40r 3 I T - < R
30 - ol - 30 S 2 b B
20 . 2 I I I
o 4 of TN
o S Kk & S
0 O 8 0 X okt 2} &
ii iii iv v Vi vii X v Vi viiooviiioix X
HEIIL—T wHEIL—7
(¢) 0000 ArialJ0000000D0ODO 71,443000. (d) 00000 ArialD 000000000 2,179,850 000.
0 4. 00000000000OOD
gonooooono gooooood ogooooo
1.00 0.651 0.502 0.419 0.327 0.167 0.106 0.007
1.00 0.353 0.325 0.391 0.392 0.107 0.187 0.229

O s 00000000O0O0O0O0O0DODOOOOOCOOODOOOOOO0000000O0O000000O0O0O0O0OOO0OOOODODOOO00000000
goooooooooooooooooob0o0ooooooOoobob0b0000 2000000000000 0DOO0DOO0OO0O0ODODODODOOOOO
goooooooooo0ooOoo 3ooooOoOoO0boOoOoOoOoOoOOO0bOOO0O20000000000000G0O000O0O00O0O0GBOOOGO
00000000000 00000000000000000000 Controlled sequence 100000000 (DOOD0OO ‘A)0000O0OO
0000000000000 Random sequence 100000000 (DO00ODO ‘V)0D0O0O0OO0O0O0OO0O0O0OO0OOD0OO0O0OO0OO0ODOOOOOOO
goooooooooooooooobooOoOoboboOoOooooooooo

0 1: 00 100 Controlled sequence 0 COMOR 0 2: 00 100 Random sequence 0 COMOR
0000 C[%) | 0000 M%) | 000000 R[%] 0000 C[%) | 0000 M[%] | 000000 R[%]
(a) 77.95 22.05 - (a) 34.44 65.56 -
(b) 72.38 28.62 - (b) 13.29 86.71 -
(c) 76.92 23.08 - (c) 33.85 66.15 -
(d) 69.44 30.56 - (d) 14.16 85.84 -




03 00200000000000 COMOR

00 |0000C[%] | 0000 M[%] |000000 R[%)
1.5 14.67 31.23 54.10
2.0 6.48 6.12 87.40
2.5 1.58 0.83 97.59
3.0 0.45 0.14 99.41

Controlled sequnece 0 0000000000000 O00O0O
000000 Random sequence 10O OO00OOO0OOODOO
O0000O0OO00ORandom sequence 000000000000
O0o00o0o0o0o0ooooooooooooooooooon
ocoooooooooooooobooooooboboboooon
O0oo0oo0oo0oooooooooooo

5.3 0 0O 2

OO0 20000000C0OCOOOODOOODDOOOOOOO
ocoooooOoooooooOooo 100000000000
00o0000o00oOoooooooooooooooooon
oooooooooooooobooooooooooooon
0o0000o0o0o0ooooooooooooooooooooo
Ooooo0o0o0oooooooooooooooooooOon
O20000000000000000O00ODOO0OO0O0OO
o0000000o0ooO00000000000000000O0
00000000 Random sequence 10O OOO0O0OODO0O
oooooooooooooooo

coo0O0o0oooooooOoOoOoboOoooobooOOObOOoOooon
00oo0o0o0oo0ooo0oooooooooo

% > Threshold (5)
1

di,d: 00000000O0O0OOCOOOOO0OOODOODOOO
g20000000000000000000DO0O0ODOO
uoboooobooooboboobooOoobooboOooonon
gobooooboooooboooooooobooooobobooooo
00000000000 00000000 CenturyOOOOO
gobooooboooobobooobooooboboooobooOoooo
ooooon 1.5,2.0,25,3.0000000000000000
00022315040 000000000000000000AO0
oooooobi1000000o0o0oo0on
0000006000000 0D00OD0O0ODO0OODOO COMOCR
goboo0O 300o0oobooooooobooooobooooooo
ooo0o00 ROOOOOOOOOODOOODOOOOOOO
gooooooooooooooboooobo0 MOOODO
goboodoobooooboooooooboooooisb00ouonoo
O 10 Random sequence 0000000 COODOOOOCOCODO
goboooooooboobooo sobooooboobooooo
gboobooboobOoobobUooboobOooDbOoo
oobooobooobooooobooOooooooon 25000
gooooobooooboooboooDoboo0 viidxOx O
ooooooooooo0oooOb0 coooooon0o rRODODO
gooooobooooobooooooooooooooooa.
ooboooobooooooooooobooobobooooo

T T T T T T T T

90 L [& .0 Initial Exx=x |
» - Cycle:1 theshold=2.8 swrem
2 X 2 Cycle:4 threshold=2.2

Gycle:8 threshold=1.0

Accuracy [%]
S
T

Vi viiooviiio ix X

|-

o7 0ooO0OoOO00ooooooobOoOOoboOoOoOoooooo

ocooooooooooooobooooOooboooMOODn
goooooooooboboooboooboobooooboooooo
ooooooooooooooooooooobooooooo
gobooooboooobooooboooobobooooooooo

oo
chl

N
Oo0oooo0ooooobc o300000000000 N.Oc
gooooooooooooboobooooboooooooo 7
goboooooo 280000ooboooboboooooooDoog
ubolboo0ooooooobooobooooooooong
0000000000000 00000000 C = 64.50%0
M =3550%0R=000%0000000000000000
ooboooooooooooboooboooooobooooooo
vbobooboooboobobooboobuooboboobooboo
gooooobooobooooboooooobobo 500000
ooooo MO ROOOOODOOODOOOOOO

< 0.90 (6)

6. O O O

poobooobobooooboboboobobobooo
OOOOOO0OO0OOOODOODOODDDD Self-corrective recognition
algorithm 0 0 0000000000000 0O00O0O0OOO
O0000o0o0O0o0ooOo00oooOooooooooooo
0000oo0o0o0ooO0o00oooooooooooooo
O0000o0o0O0o0ooO0o0o0ooOoOoUoooooOooooo
O000ooo0o0oo0o 100000o00o0o0oooooooo
0000000000000 000O0O00ooooooooo
oo0o0oO0oo00o0o0o0oooooooooooooooooo
O02000000000000000000D0OODOOOO
O000o0o0o0o0ooooooooooooooooooo
ggboboobbooobbooobooobbooboboo
O000oo0oO00ooOo0o0oooooooooooooo
gogboboobbooobbooobbooobbooboboo
O00oooOoOoooooooo

ooo0o0ooOo0o0oooOo00ooooOoO0ooooooo
oooooooooo vo «@oooooooo‘wo ‘v'o



Accuracy [%]

Accuracy [%]

100 T T T T T T T

9 | Initial &x=x |
= After retraining &znws
80 - 2 i 4
L i & i
70 3 3 :
60 - S o % o ]
SRS
50 § 2 ‘E 2 E
40 + j ﬁ Eoi g i
& X} ] o
F o K 8ok B .
3 v ] o) 5 ]
b O K OO g
& i B g 8
& ; I B
10 | S ] ] o1 o K i
: t 2R B R G
0 % S i & & ) 5«;0‘
i iii iv v vioooviiooviiioix X
wEI -7
(a) Threshold = 1.5.
100 N T T T T T T T
9 F B = Initial &xxx |
K k o After retraining &3
80 - : E 2 n i
0 M8 £ SIS i
3 g o
: E oo
60 8 & S £ o 4
50 fE g e B o i
& v & 5 ij
2 X i 3 i
40 ¢ 9 i 5
G0 u -
0 SNSRI I
: LB 0
10F F : Eﬁ I
0 8 X £ SIS

i v v vioooviiooviii

HETIL—T
(c) Threshold = 2.5.

>
>

Accuracy [%]

Accuracy [%]

100 ~ T T T T T T T
9 | Initial Exxx |
- After retraining &znwa
80 2 5 4
N o
orok K ke
& X 1)
60 i 2 E; = 4
50 ? % % O w3 o
B 2 % 0] 0! —~ -
EEEN NN
0F ke S o £ B i
S (& S o) o) R & »;3
x 3 <) < I K 5 i &
20 B oK O O kg K oE 8 A
3 i o x 5 Sl 5 5 b
o) % 3 e i 2 o 5
10 | & 9 5 2 o1 v 4 35 (I
R T e S B B
0 s o 8 9 3! 5 ) =S
i iii iv v vioooviioviiioix X
wEI -7
(b) Threshold = 2.0.
100 = T T T T T T T
9 | 5 £ Initial Exxx |
) S After retraining =3
3 SR
80 - i S o 4
O 2 X
x ‘*Q (3
0 S 6 S T n
& 2 X 3
60 - 9 Eo 9 & B
2 S K ke
50 2 £ S 3 i
) A & < v
x \k<> Ol 1 ‘VQJ waj
or Lok w8 ]
I T 0 T B < B
% & 2 S 0 &5 ke 5
30 - i) ol [ S ey ;xw o) IS -
9 X S i 1 ) 5 & I
o) O S H 4 1 v
2 | S S Ke SIS B o R R B
bod b ' R4 101
o b R
IS I B B O
HE R R R R
0 & @ ¥ © IS ol 2 S
i v v viooviioviiioix X
HEIIL—7

(d) Threshold = 3.0.

06 00000000000O0DOOOOOOOOO

gobooooboooobooooboooooboooooooooo
goboooobooooboboooboodooobooooooooa
ooboooobooooo

00 0000000 JSTCRESTOOOOOOOOOO
ooooooood

(1]

2]

3]

(4]

(5]

(6]

(7]

a O

T.E. de Campos, B.R. Babu, and M. Varma, “Character
recognition in natural images,” Proc. International Confer-
ence on Computer Vision Theory and Applications, Lisbon,
Portugal, Feb. 2009.

M. Iwamura, T. Tsuji, and K. Kise, “Memory-based recog-
nition of camera-captured characters,” Proc. Document
Analysis Systems (DAS2010), pp.89-96, June 2010.

A.D. Robert Nagy and K. Meyer-Wegener, “NEOCR: A
configurable dataset for natural image text recognition,”
Proc. Camera-Based Document Analysis and Recognition
(CBDAR2011), pp.53-58, Sept. 2011.

A. Bissacco, “Reading text in google goggles and streetview
images,” Proc. Camera-Based Document Analysis and
Recognition 2011 (CBDAR2011), p.11, Sept. 2011.

K. Wang and S. Belongie, “Word spotting in the
wild,” Proc. European Conference on Computer Vision
(ECCV2010): Part I, pp.591-604, Sept. 2010.

G. Nagy and J. G. L. Shelton, “Self-corrective charac-
ter recognition system,” IEEE Trans. Information Theory,
vol.IT-12, pp.215-222, April 1966.

G. Nagy and H.S. Baird, “A self-correcting 100-font classi-

(8]

[9]

(10]

(11]

(12]

(13]

fier,” Proc., IS&T/SPIE Symp. on Electronic Imaging: Sci-
ence & Technology, Feb. 1994.

X. Zhu and A.B. Goldberg, Introduction to semi-supervised
learning, Morgan and Claypool Publishers, Sept. 2009.

V. Frinken and H. Bunke, “Self-training strategies for hand-
writing word recognition,” Proc. 9th Industrial Conference
on Advances in Data Mining (ICDM ’09), pp.291-300, July
2009.

V. Frinken and H. Bunke, “Evaluating retraining rules for
semi-supervised learning in neural network based cursive
word recognition,” Proc. International Conference on Docu-
ment Analysis and Recognition 2009 (ICDAR2009), pp.31—
35, July 2009.

V. Frinken, A. Fischer, and H. Bunke, “Improving hand-
written keyword spotting with self-training,” Proceedings of
the 2011 ACM Symposium on Applied Computing, pp.840—
845, March 2011.

O. Chapelle, B. Scholkopf, and A. Zien eds., Semi-
supervised learning, Cambridge, MA, MIT Press, 2006.
goooUoooOooUoooOoo“s0booooooooooo
00000000000 D000 PRMU2011-670Sept. 20110



