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e oS (353) : 1. A new, affine—invariant image matching technique via KL (Kullback-Leibler) dive
rgence minimization was proposed. First, we represented a grayscale image as a probability distribution. S
econd, we introduced KL divergence between an affine-transformed input image and a template using their co
rresponding probabilty distributions. Finally, we determined optimal affine parameters that minimize KL di
vergence using an iterative method

2. A drastic acceleration of GAT correlation to realize distortion—tolerant image matching with far less ¢
omputational burden was proposed. The key ideas were separation of variables and generation of lookup tabl
es in the original GAT computational model. A powerful combination of k-NN classification and accelerated
GAT correlation techniques achieved the state—of-the—art recognition accuracy in handwritten numeral recog
nition.

ey i R e EbI1 ]

AR 05t - MIE : TP AR HLIE - S K7 ¢ 2 X

ﬂ?*‘]j’“ }‘ . /\o§“4~\/muﬁ Wﬁ/ﬁﬁ '{%‘7/7_/7



Hosei University Repository

B X C—19, F—19, Z—19 (G:#)

1. WFZEBRLG S A DTS 5

(1) BEoSRRETFTCTEEY 7 E2 25U
ETEIITHHA N — BT E D
THITHAN, BLEMROEG NZ — G
WEETII Y T A OFEE Y A D
BChoZ—VINESNL —E L2

BNFEANETHD, T 9 LIAEITR LT,

Wk, T L— R e 2 RIERDLE
WE'TNVERAWTEET L — DL
B~ v T o T REMR SN TET,

Q) UL, 774 VEHRTHIBRTE HHIE
M Z ROt~ » F o 7 FkiL, &
DN RKE NG EICRER~ v T v 70
RRES e otz, £, IERIBE 2 WL
THEG~ v T v T TR, IR ER O
FHOBLENRH L <, EHICERMMEICLY <
v F U RN ETHEERE LToiE
R~ v T2 7 OMEI B RMERFRETH > 7=,

2. WMEORD

(1) 2RO~ ~F > 7T, T
7 UM (B, RAE, AW, SPATRE)
) TR TEEMIBEERE, RO NKEL
b, BECRINTE B~ v F o 7 Fik
EWEET DL BT, Bl G, EART
ZFRT2QDITH & PATREY &2 R 20t
MVEBBICIRETE S 2 L2 BNET D,

(2) 2R DIEIEEISR~ ~ F > 7 Tl
KI5 & 5 IR O 2 HIIH E 9
L L, ZOHBERERINT HT-DD~
T TTNTY) ALERERTDHZ L KT
. IERRIBEIRR S Z 8T A U Z BT
ETEHIE, BIXOWRE~ v F o 7 %I
TEHZEEAMET S,

3. MRk

(1) H-0OHEL LT, 77 0 A TR
TEDLERMNRKEL EBREICRILTE
L~ v F o T FEEEEST LD, v
Fr 7 RELE L CTESBMAAMEBICA T
KL A N— = A7 E ORI, i
{EFiE L U CGATHIR IR Al A, FERR
ot/ N k7 & & WiEt L. IR EH:
B~y F o IEEON AR,

Q) B _OHEE LT, IERIEER 2 WIS
5 2 IR DG~ v F o 7 FIE AT
Bz, £9 2 WLV —T1EL GAT/LAT %
DFEEIT L 0 IFIEETE & —aIc ik - 43
T DR ZRE L, AMEERET 5,

B) B=oFHEL LT, BERELE =R
FEI COMILEI) EIHET HH LOBLED
5. @R~ T2 7 EE] LN S R e
HICHRIE B ~ v F o 7 R EITT
DT AN w7 BT )V E W TE PAT
FHRSE A NI D,

4. WFFERE

(1) 77 4 EH TN T & B ILHELPH ORI
B a2 WIS DB~ v F o 7 FiEE LT,
HT KLY A N— = v A/ IME FEHE 2
O EiF e, £, RS A 2R SCHER A &
L CRILL COUBORIRER ] OKL A A /N—
VU AEFTIZER L, IRWTEFKLAY A
W=D 2 V AER/MET DT 7 ¢ RS
%R IR E R LRIE 2 E R b L, &%
IZL— R N— 7 v — ) — NE L B R
ORI X D EfREEwEHA L=, AT
BN T 7 4 VB E N Z 12w o~ >
F U TEREAT o TR R. EFIEOREER
U L2 KEMEIZ, L—_oR— < —
H— MELIR LT, 77 1 VBT,
W~ > F o 7 O, LB O WIS
BWTHiZaNiTENT-HEE TS LT, I
XA DSE 72T 7 4 P AEE G~ v F
VT FEOHHRRETHY, MO TERENK
<IN

Q) T 7 4 VAW TR TE RWIERIB A
WG B Eg~ v F o S FEE LT, 2T
U — 715 E GAT/LATIEDRE AT L 0 B~
7 MV E TR T 5 FIEORGT 2D T2,
ZOFETIHRRITTY —TIEIC LV BB
NV ERSE I T b Z L &RifE s L
TWBR, BRMFE L ZoikElba1T- 7
HLOD, IERIEEIE~DRIGRE I BN A+4 T
HHZE, BIOU—TEAE T B &AL
BERINIER E D 2 &, NG E ST,

(3) ML AEWINT HW~ v F 7 F
ke LT, IR = R T < O
T LHETZHLUWEBLENDS, By L4
RO IESYCAR B~ v F v 7 TIHBIELE I
W T HPATHFIRE #$2E Liz, BRBIC
FEAE L C PR SRRk A LR, 1
EOGATHBAE & OE A IZ L 0 RS
NREL M ELE, WO THEDMOFLERT
ETHY, PATHEEOER L Z S HIC TR
LCRYEREET D 2 &, ALFRE R oo Sk
EXHZE, R EOBENH LN E o T,

4) ARUFZEDEEME & 70 HGATHEIEIL. 28D
VR E G W LA AR R & e R b
727 7 4 BB R ET DB, O 1
KO OB FR AN E LT & Wl i
RO DT ODFHEENNO2FEA — X — L
2%, ©Q MR A RERIZIR ST 5729
WCRAEFREZ VN T WS, 72102 < DOALER
REfIR Do 7o, ARl GATHBIE DR HE
TINOEE Mo T o2 2ilck, k
FEOIZHKT LT, (a) BHOHED FIEIC L 0 EHA
BOANDIREA—F— L7205, (b) ERGHEE
TNV TEESHEL S, LW EHELT
BaER LT, ZOEHLGATHEEIZ, it
KOGATHEE LT H &, v v TFT U7
FEITHMERF L7 F £ T, ALBRRFR 2592057 D1
WM TE T,



Hosei University Repository

(5) Mg~ v F 7T, FTEY TN
Wl KRR R — VR R IENFIH TR 2
WA, R T B 2R T Dk-HlT
BENE N TH D, TOBE, HEitg~yF o7
(I 2 R 7= 5 LRERREE IS K& < W)
ET5 SN D, BRIMTED e B
Bk, REWRERIME~ » T VT FIETH
HEREEE. B OEHE{LGATHEEIC XL 5
k-F T 515 % T3 & B i Rak i L 7
B TABORKPMMED BT, miEik
GATHHESEIZB & MTERER RN E < . Dol
PREF R IR IEREEE DK DO LICHH T& 5 2
DR TCE T2, KNS, k-Flr ik TOXREk
P I E B FIETORBROBEMRE =T,
K212, k- L COXRERY o T AV E KT
ECOMPRFR ORRERT, 72721, Intel
Xeon X5650 CPU @2.67GHz Z{H/H L 7=,

—~—B{UiERE = iRiEREE
100

&R {EGATHERE

10 100 1000
BRYVILE A HTI

X1 BERY o 7V L FE RO BR

—~—BHEME = iRiEREE
100

B R {LGATIBRYE

10

1

10 00 10
0.1

AREREERE (7D)

0.01

0.001 ,
B YT hT3Y

M2 BekY T E L ARG FR]) 0D BEAR

(6) FERIEATY 2 WIS % B emifg~ » F
VT FREE UT, 2R GCHI AW Sy 2RI T
X LA RER~ v F o 7 FEoERbLE
TV, BHRETLVOEFEEDT, vk
GPT(Global Projection Transformation)FH B&i5 &
MR & b Uiz, EERT A7 7%, 2RIt
EWasm T 7 4 VS A ORI
MENC R LT RICd D, ZONRIZEY |
GATHABSIE D B AR 415k & L C2R T A&
By DFEET VAR TE T,

(7) WFZERCRIIERRSFETRE L, K<
WG LT, FRIZ, ERE@). (5) Tk~ 7=
HI7RIFTERRR T H 2 @ LGATHBIER LY
k-F B 1R & DA X 5 E ks i 3%
FANZ DWW TITHER D DI v —F B
Fa U CHELgk - s L o7z, WA DORE
BLOF T a— RO TEU,

5. ERREERLE
(WFFeE . WFFe s aE M ORI 42 12
RN

UdEssamsc) (B4 1)

(D Toru Wakahara and Yukihiko Yamashita,
“k-NN  classification of  handwritten
characters via accelerated GAT correlation,”
Pattern Recognition, vol. 47, no. 3, pp.
994-1001, Mar. 2014. #HiA.

DOI: 10.1016/j.patcog.2013.05.005

@ Toru Wakahara and Yukihiko Yamashita,
“Acceleration of GAT correlation for
distortion-tolerant image matching,” Proc.
21% International Conference on Pattern
Recognition, pp. 746-749, Nov. 2012. #Ht

(® Toru Wakahara and Yukihiko Yamashita,
“k-NN  classification of  handwritten
characters via accelerated GAT correlation,”
Proc. 13™ International Conference on
Frontiers in Handwriting Recognition, pp.
143-148, Sept. 2012. EHA.

DOI: 10.1109/ICFHR.2012.225

@ Toru Wakahara and Yukihiko Yamashita,
“Affine-invariant recognition of handwritten
characters via accelerated KL divergence
minimization,” Proc. 11" International
Conference on Document Analysis and
Recognition, pp. 1095-1099, Sept. 2011.
I
DOI: 10.1109/ICDAR.2011.221

(] G 140)

O FHEML WWTFEE, GPT MBREICX D
2D FHEABICARE B~ v F T,
EBHERERERS RNY—Fi AT
4 TEMIEAIGE S, S ERE - 2013 & 12
A 12 A~13 A.

(HE) GHofh)

(PESEI PEHE)
ORI (G o 1)

LAy
T -
HEFIF -
T -

HG
HFEEA R -
EINA DR



Hosei University Repository

OBAIRIL (B0 )

oy
T
MR
FHSE -
&7
BASFEA A
ENS DR

(2 Dfh)
TR I S

6. WFFTRERK
(1) Wz
IR (WAKAHARA,  Toru)
TEBUORY: - [EHE T - B2
WgeEds 40339510

(2) WFFEST 1A
( )

WHIEHE 2
(3) HLHENTIEA



