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Abstract To get a locally optimum feature set. a feature selection method was presented, which combines divergence
with Sequential Forward Selection (SFS). Expenimental results prove that wavelet moment invariants are superior to
Zernike’s moment invarinats for pattern recognition, especially for classifying seemingly similar objects with subtle dif-

ference.

Key words moment invariants, wavelet moment invariants, feature selection, divergence, SFS.

51

AAERAERFTEERFIEBRRFIPH—F
EEFE HYE 1 EHERETERATRO®
&. Li" # Al Fourier-Mellin TR B AT HR I H —
MHELENEATRNFE . FRBEHCsELRE
R EEH — T ¥H. Teague™ B F HIE X E5 WA,
AEEXERABH s ERATRESXETRHER
B, Zernike ERTRBR-—FHEXHERTER.
K. hotanzad # Hong!l, Teh # Chin®, Belkasim.
Shridhar #1 Ahmadi"™'# AL EXE R TTRE.
ARBEUEAVHNBEF O LR XRNKIE TR,

LERIMERIEINEAEMERERARIHR
B, AINERARNERRE.EEZIAMEN TR
D.Shen i HH. S Ip" @ EMNEELRTRTLURR
WMEBEANATUESAERNERARE, ATLAY
BENRBRE. EMERNENNBENAERY
HEB%E. D Shen XPWWHEXEEFERHES B
BEHBEN A T HIEARATAE. B TRASED
KESRZEHBXE BTUABRIENEN - %

PGB E B 1999-08-17. AL B B ¥ 1999-12-02

ERE—TRENKITER AHEERE- A FHR
4. 423048t — #h 55 & & #80BE #) BUPF R 32k 3% (SFS)
FRIEEEFE TRERBHEHAEERETRYK
Zernike EARTRAFTHFHHABER XA TR &8
ek, AR EHER, TRAACREMSIEERESN
EOAHERE - RRT.

1 ERER-—MTEELA

4 ) RERM S ER WRAIE m,BE
X

my, = ||y f(z,y)dxdy. (1)

B z=rcos(P.y=rsin(DPF (DA EHALFERER

FRLGRHASHANNS THIEKRTIH—E
mR

F = ﬂ' Flr@g,(r)emrdrds. )

Hb g, (A THhEpBEnLE,. W "ETHENA

EoR HF—FEACIERE

Fuo = [S,r)g,rordr, (3

Received 1999-08-17,revised 1999-12-02

e —



216 5 E E RN ER 19 #

B, S = [FG0)e*ds. MEE RS R RR
(NP g (NEXE- WEELHA NF, A JEFRE
ARYLBFE.ENTMTEEEERY AL, AL
TEHEAREE SRS ENE | F, | BHFEATE. R
ER(HITLLEEId Hu’s 4. Li‘s 8 & Zernike 8B E
Hopy— 5.

@it | Fooll #10 F' o || 53 B1 0B 40 164 5
EE . EfIZEEENTEER.

Fuli = | Foll + 4. (4)
BigHRAEFLE, WA Y
|IIFM“=”IFIMIIII+AN+71W (5)

HARTYEEHEMUG.FL A BREEAD. BT
Hu'’s 48.Li’s % & Zernike s RER - M EH RS @
HEE AT BB R MRtk A, K 2 6#H
JEELER TNR o, (NDREXEEBHYREE M.
W HEER DN XEREBTHHHERE.

2 MEETER

5@ AR R /) B A 0T (7] i 42 4 14 R 5
BE U NEERNSHSEERESTRRARY
R AR AR

EFRMT/MERENE:

Yty = 1

a
HP(ae ROIEREEF S GERIENBET.
REMBR D P 2. BB THEEFRER. X
A=% BEEBRERE NI TEE B

da™!
(2 + 17

(2r — 1)° y
203 (n + 137"

r—b)'
frs

w( (6}

Vir) = o8 (2o (2r —~ 13) »

€7

expl(—

HATYF a=3,a=0. 697066, f, = Q. 409177, a5, =

0. 561145, R/ R V.. (1) =2""W(2"r— 0. 5r)
(m=0.1,2u..... s r=0,L1eieeunn PARRDE"+ - ¥ N |
Bl M2 HOTLI G R R A2 RIFEMDIIFE.
BRI E L DNEEFERSR

I P2l = 1 [So0¥mnoordr |l ®
Fh g =0,1.2,...... HE —BEE S () =
ﬁuﬂwﬁaﬁﬁﬁﬁﬂnmamﬁﬁmmmﬂ¢w

HeMHE MEMNARAHREAF . CBHAT
n Vo (A LR EETBIER0,1]. XEPEE
AR || Fo., || RTURHE A OERRREKE
B,

3 iSMEEHE

ERERAZHERT GRS RS, EBRES
HEATHRIESERES AETURFTRFHH
BB, 42 IR Sk 3, v EL3F T LB I AR U B A L B
D.Shen R IEEBFEAAHAEE - THiEor R
B A S B R S B B 2 R 1 o B RUBE, 3 oy e 3
AETHF EBEREN 2 M RERATHE $RBE
WG EZRATREFENRITHEE. BT 5%
HBEEMR - T HIEESTRANSEAFFHEETLE
— T ERAMBTEE ANEER—- T FMHFILESH. R
AEANEIRHERY HETHIELANIRRE
JIXDOWERAF F AR .

J(X) = ST B JX) = {I}J(r.), (9}

=1

BEaTHIEARMSIEAT R EBENVHIEL. FX#E
H-WESEBENRFNEENRELEENE.E
B—TREREOBELENE. OTHBTHNE
EEFFFERAE T R Z M A, U —BRRT
BIMFIEAEE D. Shen X P HFEERWHFEAR

EERNN.4E
(a)

J E4R1E3E402

Bl (eueiEbpEd. A kFHEE

Fig. 1 Samples in sireraft set (a) and normalized images(h)
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Fig. 2 Scattergrams of two kinds of aircraft in the selected 2D feature spaces
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Fig. 3 Recognition curves of aircraft
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Fig. 4 Samples in printed character set(a} and normalized imagestb)

$L, 1/ Zernike SEF 20 B W A BB IR E IR 2% IE B8 1R 4.
4.2 EIR&EFFRY

LRFANEFRBENHENLERY 26 M RXBE
PEERF S —LFHA0TLTEB. REARE
A FEE BRI NN 64x64, HP 30MHTFU
H30THTHRE. B4RATH—LFFRA L
REEAE. | A Zerike 55T &/ .D. Shen HH B ME
XHAFEBAANRSMENES TR . Kb N RER
EH, R A% RS2 h B A, H Zernike EXRER.
W 34 NIRRT, RS E BRI 98. 7Y AN
BEFTR, Y %E 39 MFER,TLLEB] 100% 8
RHEMBRAECROMFEEESE IR EFH
— %R

5 &%

EXNERTEH—MEREALR.NABTPEE
AEg,FEAERBERENERE —HAEFERAR
HMERRENSIEART5X REMBEFFEE.

100

20 25 30 3 4
N
s BREFHFERS R

Fig. 5 Recognition curves of printed charactera

] 10 1‘5

KHLEE AR EFRHEE, 3R Zernike EFER
FAFEEFER.D. Shen TFHFELERFEREX
B E AT T EXR. XRHERERT X
THREMHMTEA: BT Zernike ERATFRRBHEHE
RHERHE.EEZREANER, T DEESATRE
{B0] AR 8 E g0 £ B ik, m B 7] LR B E R =R
BHIE.AAA P REATERANDE. AHERUSE
af LA, Zernike $E A BB B E F 3R,

REFERENCES

[1] Hu M. Visual pattern recognition by moment invariants,
IRE Trans. Inf. Theory. +1962.,8:179—187

[2] Li Y. Refarming the theory of invariant moments for pat-
tern recognition, Pattern Recognition,1992,25(7). 723—
730

[3] Teague M. Image analysis by the general theory of mo-
ments »J. Opt. Soc. Amer. ,1980,70(8}; 920—930

[4] khotanzad A, Hong ¥ H. Rotation invariant image recog-
nition using features selected via a systematic method . Pas-
tern Recognition,1990,23(10), 1089—1101

[5] Teh C H,Chin R T.On image analysis by the methods of
moments, JEEE Trans. Patt. Anal. Mach. Intef. ,1988.
10(4);: 496—513

[8] Belkasim S O.Shridhar M. Ahmadi M. Pattern recognition
with moment invartiants; a comparative study and new re-
sults, Pattern Recognition. (1991.24(12); 1117—1138

[7] Shen D Horace H S Ip. Discriminative wavelet shape de-
acriptors for recognition of 2-D patterns, Paitern Recogni-
tion. +1999,32(23:151—165

[8] Unser M.Aldroubi A+ Eden M. On the asymptotic conver-
gence of B-spline wavelets to Gabor functions. JEEE
Trans. Inform. Theery. .1992,38:864—872

[9] BIAN Zhao-Q:. Pattern Recognition. Beijing: Press of Ta-
inghua University GHSE#. XA M. L2, MWEXER
R #t),1988,173—201




