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Application of Invariant Moment’s Improved Support Vector Machine to Micro-target
Identification

ZENG Xiang-jin , HUANG Xin-han , WANG Min
(Department of Control Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to identify multi micro parts, an improved SVM (support vector machine) algorithm is presented,
which employs invariant moments based on edge extraction to obtain feature attribute and then presents a heuristic attribute
reduction algorithm based on rough set’s discernable matrix to obtain attribute reduction. At last, SVM is used to identify
and classify the targets. The effect on identifying multi micro parts by SVM is compared with that by the proposed improved
SVM. The experiment results under micro vision environment show that the proposed improved SVM classification method
can meet the system application requirements, with the resolution of 95 percents.

Keywords: invariant moment; improved support vector machine; rough set; attribute reduction; target identification

1 35|F (Introduction) BEAT B 200 HAR TR . H AT (¥ 20 26 9% 2 22
PR =R — R T g ik, BAARERM
(14 UL 97775 . KNN (KNN, k-nearest neighbor)
JHRVL B G [y AN SRR AL (SVMD 485 0
FET RN 7%, AR AT Yo s FOR R AR s =
e N TG LTk, SCHFI) T L — AN

BEREAT 2 H AR AR U o200 F ST PRI B B r
WS ARG IR R I 2 HOHAT Hbn oy 38, S
BAESHUN I O 2 F0. BRI IR R 2
LRI 5. o, FRR AR N iz B

WRRFAEZ —, SRR AR ) AR LA A AT
EAEMRFR. A U ZER G R, il
R B RS AR AR YE. Ho HoEER I T
P DB AR (AR A, (E 0 daf P AT AN B P 45
AN S I == K i S ENHE S TSI BUY R v ]
WX s 34k, Chen B H T 5T 5 10 TH LI 4k
AARFE PR . H T, AR 2 N T H AR
WL SRPIULES S TR AT LA R P AR UM S VR 2
7. AL, BT P AN AR R OK 58 1 % A F 5 ik Jes 1 1
HEA.

S H AR AL S I e BN Yy 2R

DAL T, Py UL =) & S et — o it 4 Ry de fe i, 31X
e HA 27 SR T AN B, SCFF ) LR P/
A ARZ A K EAR YU 1) b R LS TV 2
A IPEH, IFREMEHET N H] 21 o8 Bdol 5 35 HABHL SR
S 2 LR AR SO G T3 T SRR [ SR R IT
AT, R E AR AR Ll T 9T
RIBTAT Tk, DAL, BAITiE A SCRF 1 B 2R 5k
BEAT I A H bR 32K (S, i) SORF [ ALY
IENLAE ORI RN 2 B, S TVE D IR AR E
AR L. S3Ah, T OREE B AR
RIS T 0 P00 25 i AL, a8 g F K00 Ak 2 ) 5

HEWH: BRBRBARESEIITA (60873032); H5 863 iR I H (2008AA8041302).

R H 31: 2008-06-02



31455 2 W)

PR s ANV St SRR 1) LA S e F AR TR0 (9 3 T 5T 119

IR 26 R ZRREAS R I 8]« a2 R INZhe A 2 e
o FH PR 223 TR) S5 AT 2 AR AR ) ) L

BERS L ) AL, A ZSUR AR [ S AT P 4R AL 2.
B LE AL BEAT LT PR 12073 — Bl R
Jiiks G IR SRR AR 2 HAT — € MR L bR
OB AL ORI AR TE R I ZR G b, AU JEOKR I
FahR, AOH IR bR L S AR SE 1 EEE R, e
SRt SR VTSN R IR, T A ik
(RIS A T AT B 3 2 0 R T A 23 S A, B
X K-L ARBAATTiE R AT, (BRI T iR AN BEIE
B 2K H bR, 58k, Enmatiikatz b
Toft SRS 5 B 0 S S DR P i st e P R )
AHME BRI,y — MOS8 Ty ik, 12051k g
X SRR L R HEA T3S 2 (A ], e e /M
T2, ERAERFF I RETRALN FA TR
JUAR MR, BER L A 24 i de s 1 T 2 B 2 2k
BITEL, BRATTIY HTRURE SR PR KA T4 ik s 1R R 24
IRJE FRREAT H AR 7R 2K.

A GEE NN A B U, AR T
Bl R (SRR T ALY SR BRI AT
WGAR S AARRERAT H AR AR AL 8 1, AR
A 10 R DU 9 1) J 28 o 1 4 g 300 DX 20 Ul 2
AR IEM S, fem T RGP KRB, ik
TREAYNZRIS TR, G L T RGN 2R, Ak
SCRF IR AL R B T 2 AN F 1 1.
E S AL BE A BTN (K S50 3R W], P de H 0 St 1
SCEF ML RAS REWI AL RGN R, ik
95%.

2 A %EIEi2 (Invariant moment theory)
BEI0 p+q WA 45 e —YBESE ¥ G, j), H
p+q Bk M, AT (1) EoR:

My, = [ [ j1£G, pdidjp.g=0,1,2,+) (1)

FEEGA S, — N p+ g B sk A,
Bk 2):

M N
Myg= "3 FG. )P f(pg=0.1.2,) ()
i=1 j=1
R @), HT p BT g ATEUIEAT 0 SR R
BT LR Je— AN T B, 45 0 0 97—
SR, AT B T B 5 R R B £, ) A
S AT AR, A RATh 0, TRIRIK BN
{2 1, MIBCEIEE B TR S T,
FUR I p+g B T BRETEIREF 067
BAARRE, DA SR O DU 0

SO S R AR 1 AR — B T LB
BRI T @, ), DSV p+ g Wreh
Hi M), AR 3) i

M N
My, =, ) G pa=iY (=]

i=l j=1
(p.g=0,1,2---) 3

D SRS AR AR AR TR X 8 AR AT UH 4k
BRE M, I M M (b n = (p+ g2+ 1) AOFF, 8
PAFBI AN AR AT AV B TE R

TR T AR, KZ R
IR P UG HARAE ISR AR, IR ARSI
ARG, RGN TE. Dy, AT 0
TR T G5 BRI EEAARRE J7%. 1Z071%
HYEN ] Canny WG TR RIAG L, KRG HxT
GBI ILA AL, XTS5 AN AR
S BECRAERE 0 DX B . e TIOR3 HUE -, 2
VB B SUR R B, AR RN T o

BRI A A HE 7 DMK W52 TR T
B TR AR AR, Hot 55 4) Fros:

Dy =myg +mo

D, =(mao —moy)” + 4y

@3 =(m3o — 3my2)* + (3my; —mo3)°

Dy =(m3o +ma) + (Mo + mes )’

Ds =(mzo — 3m12)* (mzg + mi2)[(m3o +my2)*
—3(my; +mg3)° ] + (3may — mo3)(may — mo3)
[3(mz0 +m12)” — (ma; +me3)’]

Do =(mag — M) (m30 +m12)* = 3(may +mp3)*]
+4my (m3o + myp)(may + mog)

D7 =(3mp — m3g)*(mzg + my2)[(m3g +my2)”
= 3(may1 +me3)*] = (moz — 3ma))

[3(m30 +mi2)* = (may +me3)’] 4
@) T my; 7T (3) /1 M;q G

3 AR FFEEYL (Improved SVM)
31 EHFEENEE 12

SRR ENU TR ESG R w2 B — R
WLas 22 3] T ik, B AL AE VC B N 45 0 RS B /)
PSR ERFERN I, AR A BRAE A B AR (1 42 etk
ez Re 2z S sk s AP OR, DUASRAS iy
Pz ARE ). SLIEAC RAL Sl ek — AN AR e Pt i ag
F N 2 [R) R £ s i A B — AN i 4ERRAE S () rh, AR
JaAEIX — e ) vp AT el k.



120 Bl 28

A 2009 3 H

BT REA SN (x,y)i=1,---,n, x;, € RY,

E]] Xi IEL% d ?ﬁf%ﬁrﬁﬂ%, y;i € {—1,1}’ X%%KQ%IJ%’ /\/E

() £ 1 I W7 ek B ) — OB O () = w-x;+ b, 3
tow AR B, DO SIAE. IBASr RI T R -

w-x;+b=0 (®)]

AR m A2 n VAT 70, WIHEALE (w,b), 18

Eifnc

w-x;+b>0,(x;em)
(6)

w-x;+b<0,(x;€n)

MR (5) vIA, 25 w A b [RIN B BOR 46N, T84
H1X (5) W (13 KA. B N G h I B AT
FEAHIAL |f (i) > 11, RIVE 2573 S8 i Bp e (1 A A
AN f() = 11, AR SRS T 2/ wll. PIAETE]
B KA A (Iwll ).

A RIRLAS W H A AR 5 30T LS B IR S oy S
() L A DA Xt A i, SH AR 3 i 73 8 S5 1)
HLE e R i «

FO) =sgn() 1 yi(xi,v) +b°) (7

Herp b Ny SRBIE, o o RE AT Y. (K Rk B H
Fe1, v IREAR, sgn() A5 R XL PEA T 4
HIR L, INAFA SR & > 0, HSA A W I DLAL In) i AR
N

minJ(w,&) = %WTW +,BZ§,- (3
i1

Horp g iR E TSR G4k SVM B
FHIRZHON 73 R R E X

N IZE SRR LR UM AR —
Tk, B Vapnik 4 TRV O] SVM
IRl 4t 1 7 v 2 %, eI 4k
FEARGY A TAESERMAE TAES, TAESERNFEARANHun
INTIERFEARAN L, SRR TARER P R A
ks BEAL, JBAT SR AR — RIS A 1 850 P 8 A
HAXFE W 2E ) 5005 U3 i UL U4 48

CHE I AL ESR B AR Rk e, (e
REXT Y SRAEAEAT 328, Ty SEBm N FH PP AR AT o0t 22
ANFINAT K. L, TR SVM ) 2 28
IR R, SRR 2 R0 2RI S AT WA T 2
— Bl K T R IR A A A AE — R AT 7 2R
7k MR o R A, RDKE 2 28 ) A Ak
AP B Tk B E R I 2 AN E
PR ) R, FRATTY F & 7 273 Liut'™! $i 1 2
T =X 27 PO SRR I LR AT 2 B AR

K. A AR -

e REROAH R BRIE N IESR, IR

e

I3 it
[ 4K

YA TR s R BRI R 1 S o 501 0 K
k.
32 BUARIFEFEE

N 5B R GEIREA I 25, 305 4 DA (R R A
JEPEAE A — Ak e TAEAC AR, XFE RS
KRG E &, FNHThaEERS 512,
Al e RO A Se AN B R AE JE P 5 i R 4
K hl, B, WAUEAR Tl & PR A ) B
SN T35 FRATT 5] KRS B BEAR 56 SURE AR AIE & 1
MEZEEH E, BB REMNEELN, RIGHREL
187 i (%) Ja MEEAT S ) LTI 432K

TN AR RS . KRS S =(UAV,f),
Hrp v et h—NEsfaReE; A=CcuD, C
A D syl &M R B v e
%@ﬁ%,v=%wﬂuj%%ﬁa%ﬁﬁ;f%
%%@ﬁ“ﬁJ;MHCNVwU,MM,ﬁE
f(z.a)€V,. YBCA ZE&MBHEGH T4,
FRIJLRAR La(B) N S = (U,A,V,f) FIAT] X 43 5%
%: Ig(B)=1{(6,0) e UxUNa€ B, f(6,a) = f(1,a)}, 'E
FoRRHR 0 X A KT JEMELE A 1) 74E B e ANA]
Gadinp

FHRE AR & Pk () £ iy 16~181 2 P AN B RAT R i
FENMIBRICAR MR, BT AENES R 7TE
KINANR={ RRC,y(R,D)=y(C,D) }, Hy )&
PEACHIRE DAL b g 2 A4 8 B AH &5 m A A i s 5
OES e

N SERUB VAT, BATTHEH T R TR
PURH R (1 5 A o P £ 1 B0, i B B T R
JECRE vb R 1k R B PR ARER A R JR R I, N 3R A
PR B/ INFH T 20 ]

A AR 4 B Skowron B HY, WTHEURARFE U0
ES Cij TE XA

reA:r6)+r@0;) D)+ D)
_J0 D(6;) = D(6))
Vr,aAr(6,) = r(6;)

D(6)) # D(6))

KO, r1O) XS o fEEME r LME, D@O) Zid
K OLED EfE. X 9) Fos: sk rEAR 4
P PR AR 58 A AN AR [, G 38 (82 B ANAR 7] (1) 1
Mo PSR IEEAFIN, JTTHEEA 05 MPREA
MR AR, JGHREHR -1.

% pa) AJEYE a MEMEEEME AN, A

9



31 & 2

PR s ANV St SRR 1) LA S e F AR TR0 (9 3 T 5T 121

FR A P B R B vp g MR B IR AR, BT T4 TRt
X (10) THE A

1 1
pla)=y— " — (10)

2 .
|U accij C’J|

X A0) 1y h—RSH, SR, JEPE B A
K, HEZEAEGEC. B, Wil 10) ME KA
N, Sevh Sk B B, XA X R
N EME CR/N R EANEI p(a) < 0.6), MIfif3E]
FEOS SR /N T B 12k

I THLR RS B 1R m TR B 1R S 2 ML
ﬁ?ﬁ:

FIN: IEE (U,AUD,V,f)

B A2

PR

(1) THE T HF AR R

(2) ML @M, JF R A S L P ) e v A
A,

(3) 2P 2) B A A 1A e A g
F=A(Vej:(i=1,2,3--5j=1,2,3---m)), RIFk#
B ) JE AR G A AT B TR

(4) Mkt =X (10) 5 I H0 Wi e 45 11 i 7 1) T 2L
P

(5) WAL IR 4) RPN EZEVEREYE, R
2N R A, RIS s

¥ 29 5 J5 1A R A T 1 326 N SRR ) R LR AN £
BEds v HEAT 8L SCHF ) & LR v 20 A e B
(@@:mqjﬁjw,ﬁ¢&h%—$§i
e ST A% R LR S B Y R I R TR A ) Pk
e, JLAMERE I BEE S8 o M T IRES, —
Woo=045, M @) THRELETSE B LT
P AN T 1R 73 K 52 Wi 27 I HLAS I HET fE
DRk, 75 N O o Db 20 2R A % RS S HUA e
A EIPERE AR 10 SVM 43 28 8%, FRATTAE N He
o =0.45, =5500.

4 LI K LER 547 (Experiments and result

analysis)
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Fig.1 The original images of manipulator and operated object

under microscope visual environment
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Fig.2 The images of manipulator and operated object after

edge extraction under microscope visual environment
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Tab.1 The normalized value of invariant moments of characteristic attribute for four different objects

KA REL 2 BIES  BFIE4 IS e IET
1 1.0000 -0.9910 0.9935 —-0.1600 0.1076 1.0000 —-0.5762
2 1.0000 0.9900 —-0.9946 0.1822 0.1178 0.9952 —0.5486
3 —-0.9897 -0.7610 -1.0000 -1.0000 —-0.9999 0.9554 —-1.0000
4 0.1673 0.9993 0.3131 0.9915 0.9857 —-0.9577 0.9861
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Tab.2 The comparison on performance of two classification

methods
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Tab.3 The comparison on classification accuracy of SVM and
SVM + rough set
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1 10 90% 95.10%
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7 12 94% 95.22%

8 20 92.16% 97.4%
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