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1. A new technique of 2D projection transformation (PT) invariant template
matching, GPT (Global Projection Transformation) correlation, was proposed. The GPT correlation
method determines optimal eight parameters of PT that maximize a normalized cross-correlation value
between an input image and the PT-superimposed template. 2. Recognition experiments made on the
well-known MNIST handwritten digit database via a combination of the GPT correlation and k-NN
techniques achieved the lowest error rate of 0.30% ever reported for k-NN based classification. 3.
The programs in C language with source codes used in the above-mentioned experiments were published
on the Web. 4. The GPT correlation method was greatly enhanced to stabilize and accelerate
convergence to the optimal solution of eight parameters via strict formalization of the objective
function and refinement of its computational model.



B X C—19. F—19—1, Z—19.

1. FFZEBHLA LA DY &

(1) BEMHROBEERFEHKR TY 7 A mOFY
P TINENDETH DA, i % —
VR TFENEATE R, O, ki
T LU— MEKEERMEEGT DT
VTV — ey T T ADHERKRE N
Too HFIZ, B % /3T A MY » 7125l
TEXALAEBET LN EANDL L2k T, &
TEMHE 2 HIE rT e Ze i~ » F > 7N SEHL
T&E 5,

(2) LaL, MRS NL, #IERT 7 4
VIR (RNL7R 6 8T A— X BETr) Dk
i35 07— b~ T 7T R
REICIVIBERIN TR, FERELRETF
KAy NT AR v ZICRETE HEG~
O F U T REIIEE LR o T2, F2. BIF
MPEEGg~ v F o 7 L2/ T o2
BERIZ X D KL & OB EDLENE T

boToh WEBENIZIET SRR H -7,

2. WHEOHEM

(1) FEERERET L E LT 2R THEE
#a (MN77p 8 NT A—H &) D RS
TYHHERZ 3T A U v 7 ZHIE TR
Wit~y F o S FEEMESLT D, B 2 K0
TRV EE I C— 5 ORI Il 72 2 RT3
A e L CIE LG AR AR BE & e KAk
DHEETNVEMNLT A LA E LT,

(2) FHREET VITHIEA TR D U 5 iR
Z AW TZBRARAIT & 2 SCEARE TR L .
2 WRITH R JE R D T FF~ D BN =RE D ek
TR RIS UM B B oD KME HJ 2 2395
Z & FRICEHERERRRTEI G L C AR Y
Mg~ F o 7 & kTfFE & OMEaEIC
L oRMMEEEE R T Z L2 AR E LT,

3. WD ITE

(1) HB—0JikE LT, 2 RTHELELRNT
T4 U RS 6 NT A—H EETe) &
BB A (N7 2 RXT A — X B ETe)
DERTHDZEIER L, T 7 1 VWAL
oy & TSR A A oy A E R R O T,
O YR R & IRE R AT 2 B IR ANIED
MaatT 25, 77 4 VWS OUE T
WFFER = E N LLATHESE L7 GAT (Global
Affine Transformation) fHEIIEZEH L. &b
ARy DB FIE R RET
5,

©Q B _oFiEsL LT, L@ TR~NZ 2
WL EEREBERET N LT H57 X b
Vo7 Eg~ v F o T FIEICBWT, F%E
REHDLIET GAT MEE TR LD &
[FkE e s b BE 2@ L, AL & o KibE )
WEmET 5, 20 LT kibEEL LS D
W CEMARI 7l RHEGREEICE T 5,

CK—19 (Jtm)

(3 H=DFEL LT, 2 R EEREY
T, T T4 AR & SRR
ST TEBNZR D B DT < | [ 8 /37
A—H EPRETDHHEOFREET LV E KRG
T 5, ALK 2 RS LR S O it
fiE~DIL M K& L k&85,

4. WFIERCR

(1) AJjER & 2T A i LT
7L — k& OIEHEA BAH B & A Rk
% Hii 78 2 RO e A 2 P 2 REIC
DALATE, FERMIE R EE{LRETH D72,
FT 2T AR T 7 ¢ AR LTy
RO G RT3 U BB e b i iR 2 5K
DLREET VAN LT, WRiERCh D
Tedh, 77 4 VDI SR D I
AR LT 2 Roui e Ao T BRI A &
DRELSTLHEMERIRL T T L—h
EENT D, ZOBEERET D L Thi
72 2 RIS A A~ DR A FH L=, 0
EW ML i~ ~ F > 7 Fik% GPT (Global
Projection Transformation) FHBESE & M4 L
Too ZAUTILHBIDDE )70 2 IRTTH A i
REOWG~ v F o T FikE LT 55E
RAETHY . TOERIIMDO TRE W,

(2) GPTHHBHVETIL., 2K DR E & TIE
FRACAE AR B & fe Kb 3 5 Bl 72 20k St
WEB D #RET S, O Uomfgok
HFEH AN LG T &, WRGEAEZ KD D720
DFFEERNO2FTA—FX— L5, @ %k
0 i % B0 AR IR S B D 72 OIS B R &
FAWD ., 725125 < OALBREER 23 0303 72,
Aal, LIETGATHIRSE CHRET L7z b o & [AlER
e b iE LS LT ERROIEH LT, (@) &
BOBEDO FIEIC K VHAEREENDIEAS—F
—29%, b) ERHEET—T LR CTE
Xz 5, EBRHA L, Zom#bGPTHE
FIZXY, TOGPTHBENE L kT2 L, <
T TREE MR L F T B &
K50 DUTERETE 1=,

(3) @ b GPT MBE L kL E AR
b T, AEFEEIHEFT —FX—X
MNIST OB#HFEREIT-T=, IEL, v v
Fo 7 REL LT, GPT MHEETRES 2
Wi EEREESI N7 7L —FE A
F1Ei% & O TR I N2 REAE 5 m
HELWRB O EREZ - 1 E L TH
Wiz, TRETFETOZ 7 —FRL 0.30% % K
L7, AT kT E E AR LY TR T
BEE U TR EMERETH D | YL B
ANDA XY MO TRE W,

@) EFRE@OEHEFEBRTHWE C S5E7 1
T 5DV —Aa— K& it URL 2» 5 Web
ETAB L., WFFERR ZSITHRIE LT,
https://sourceforge.net/projects/opengpt/



https://sourceforge.net/projects/opengpt/

(5) EF()o GPT fHBETIX, 2 ko
i T 7 4 IR L TR DA K
WL T, 77 4 VD 6 /3T A—H L
EROY BT HAD 2 /3T A — H (T OWTHERBIIC
YRR 2 RO T2, Il 7e 2 okt
WEBA~DOIRNEL 725, 25 WITRPTE
WD LTV EWEESNR D -T2, TN E R
T B0, 2RTHEEWD 8 /XT A —H
ZEIFFICIRET D=t E T T L O EX
Ib&ITo7, ZHRICE VBB~ v F o 7PERE
NREL M ELE, ZoFREZHE{ILINE
GPT RS & g L7z, SR CId, ol
BzREEE S AN T D, SRR L HE
BEEMxlzborz ANEBRE LT, THiR L
Dy F T BT, 112, EBIZHW

T 2o, X212, [Alfisf & FREE O
BfeE 7, K3z, WHEEALOKRX I L
BIMEDRREZ RT, M2BIOX 3 kv,
&7z GPT HHBEDEMMENIH L TH
25
(a) ) )
1 EBRICH 7= 5]

()7t (b)[Els & M (O EA & HET

——B01EME = GPTIERE

BN -GPTHEEE

0.8
0.75
0.7
0.65
0.6
0:-55

0.5
t 045
25 -20 15 -10 -5 0 5 10 15 20 25

El#R5 (]
2 [mlfss & AH B O BSR

IE# L8 B 1BRAfE

—— & AR -=-GPTIARE
;
0.9 %
0.8
0.7 +
% 0.6

HIEIN-GPTHERE

0 1 2 3 4 5 6 7 8 9 10
ST 2 B [x0.001]

3 WEEADORE S LIABEM O BR

6 NFTHRMRELINLEELT
W o 7= GPT fHEEICEITT 5 2 IRt

EHE D ) v NERLORF 2D, B
RE IR, B D 2 L D235 5 B Y
B o E 2 E Xk, B XU
Newton-Raphson %12 & 5 X iEfiEIEDFHE
ETIASOFTZIREAZITO, 2 IRTTHFEE
18 /XT A — & OUER#EME % FIRFIZIRET 5
ZEMAREL o Tn, ZHUC XY AoEfRo~
DI FMEN K Z < 1A L L, GPT HHREED < »
F RN OM BB L ONHE BRI E & D
HTERTET,

() WFRRRIIERSE TREL, L Ha
WZFAE LTz, R, ERR(2), (3) Tk~ 7=
M7 IE R T H B mi it GPT fHESIE L k
ITEEVE & OMAE DRI K 2 ks g 38
AR DO W TR B D SN Y v —F b
WCPeRR L CERER - $B# L Ao T, AN B D
MEBIONE Y o — RELIRD TEL,

5. FleRFinLE
(WFgef . WITe o3 K ONEEERFIEE 1
LR

UdEssam ) Gk 144F)

@ Yukihiko Yamashita and Toru Wakahara,
“Affine-transformation and 2D-projection
invariant K-NN classification of handwritten
characters via a new matching measure,”
Pattern Recognition, vol. 52, no. 4, pp.
459-470, Apr. 2016. HFiA.

DOI: 10.1016/j.patcog.2015.10.002

(K] Gt 61F)

(D  Shizhi Zhang, Toru Wakahara, and Yukihiko
Yamashita, “Theoretical criterion for image
matching using GPT correlation,” Proc. 23"
International ~ Conference on  Pattern
Recognition, pp. 544-549, Cancun (Mexico),
Dec. 5, 2016. ##if .

DOI: 10.1109/ICPR.2016.7899692

@  Shizhi Zhang, Toru Wakahara, and Yukihiko
Yamashita, “An improved criterion for
image matching using GPT correlation with
a norm normalization factor,” Proc. of 19"
Meeting on Image Recognition and
Understanding (MIRU2016), PS1-4, pp. 1-4,
T NT AN (R RRAR ), 2016
8 H2H. EHA.

(® Toru Wakahara and Yukihiko Yamashita,
“Enhanced GPT correlation for 2D
projection transformation invariant template
matching,” Proc. of 37"  German
Conference on  Pattern  Recognition,
Springer LNCS 9358, pp. 435-445, Aachen
(Germany). Oct. 9, 2015. #Hi A .

DOI: 10.1007/978-3-319-24947-6_36

@ Toru Wakahara and Yukihiko Yamashita,
“GPT correlation for 2D projection
transformation invariant template matching,”
Proc. 22" International Conference on



Pattern  Recognition, pp. 3810-3815,
Stockholm (Sweden), Aug. 28, 2014. #Ht
A.

DOI: 10.1109/ICPR.2014.654

Yukihiko Yamashita and Toru Wakahara,
“k-NN  classification of  handwritten
characters using a new distortion-tolerant
matching measure,” Proc. 22" International
Conference on Pattern Recognition, pp.
262-267, Stockholm (Sweden), Aug. 26,

2014. HFHA.
DOI: 10.1109/ICPR.2014.54

(XEF) GFofh)
(PEEIA PEHE]
OiRdL Gt o 1)

HFR

S G
HEFIZ -
T -

HH
HEEFEH B -
ENA DR

OfutsikdL Gt 0 1)

A TR
LR
MR
FHSH -
&
BASHA A
ENADR -

(Z Dfth)
R B

6. WFIERE

(D) W iERE

R M (WAKAHARA, Toru)
TEBORY: - B - B
MeEHEsS: 40339510

(2) WHFE55 R4

WHIEHE &

(4) WH5E 117




