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Invariant moment extraction by curvelet transform for wear particle images

Zhang Yungiang, Zhang Peilin, Ren Guoquan, Wang Guode ,Xu Chao,Li Bing
Ordnance Engineering College ,Shijiazhuang 050003 , China

Abstract: The curvelet transform has the characteristic of anisotropy and the ability of good curve singularity expression. To
overcome the shortage of invariant wavelet moments and Hu’ s invariant moments, curvelet transform is introduced into the
wear particle feature extraction process and combined with Hu’ s invariant moments. Thus, an image invariant moment
extracting method utilizing curvelet transform is proposed. First the wear particle images are decomposed and reconstructed
by a curvelet transform, and their sub images of different scales are obtained. Then,the curvelet invariant moments are
achieved by extracting Hu’ s invariant moments. Finally, the proposed method is applied for typical wear particle
recognition,and a total successful recognition rate of 83.33% is accomplished. The experimental results indicate that
compared with Hu’ s invariant moments and invariant wavelet moments, the curvelet invariant moments can better express
wear particle appearance characteristics.

Key words: Hu’ s invariant moments ; curvelet transform ;feature extraction;wear particle recognition
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Fig. 1 Decomposition and reconstruction effect
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TESEAT B 22 117, R R 7 2 40t — R sk
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1) XHEER Ty 3E47 UG IE 58 (BN S 3H) F
2R IE

2) AR R EUG AR S, IR I it in s 4 A R
BL, R MATLAB 7.02 T H4# o () pR %X padarray ()
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& REZRRELES Cljt

4) SR HCERRURE A O s R i TR, 15 3 T IR
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T AN R D R — A i A AR e
2.4 HIEATEEBEST

SR T G3ATT I TR AN A R 1 1 R, AT B I s
RGeSk B ARL 1 UKL 2) |, 23 S AT 46 7N L Tié
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Table 1 Curvelet invariant moments of wear particle 1 after different operations

Btk Mg A AR SE
JE 3.8383 11.539 6 3.444 0 5.967 9 7.969 2 13.001 2 13.766 8 21.592 9 108. 125 216.158
N 3.707 0 11.529 9 3.478 4 4.9153 10.491 1 17.146 4 11.350 8 21.208 2 83.001 4 166.002
ekt 3.8415 11.554 3 3.626 0 6.505 2 8.219 2 13.012 6 13.517 2 20.937 7 105.948 201.782
T 3.842 4 11.367 9 3.769 4 4.6453 7.910 1 13.152 6 13.064 9 21.080 7 106. 090 212.087
s s 3.822 6 11.703 9 3.8318 6.83717 7.938 3 13.051 3 12.808 9 20.503 7 109. 606 219.123
LR D s 3.830 2 11.758 4 3.789 2 6.693 8 8.634 6 14.433 4 13.521 8 21.376 2 110.5%4 221.188

F2 B2 AEBREEHHEREE
Table 2 Curvelet invariant moments of wear particle 2 after different operations

BIE i A AR
JR & 4.102°5 11.152 4 3.878 2 6.274 3 7.8337 13.220 5 16.067 4 23.034 0 104. 805 229.611
N 4.104 0 10.130 1 2.973 1 4.5407 10.892 5 11.945 0 14.099 8 19.602 7 84.280 3 168.443
ek 4.104 0 11.143 0 3.656 0 6.452'5 7.857 6 12.885 7 16.358 3 24.008 0 102. 160 204.199
4 4.076 1 10.854 2 3.3523 5.944 3 7.767 8 12.980 9 16.426 9 23.260 0 107. 447 214.802
i =S 4.061 2 11.510 6 3.9243 6.5323 8.269 8 13.185 1 15.969 7 24.3259 106. 553 213.107
RS 4.060 9 11.360 8 3.672 6 5.869 8 8.140 7 13.814 4 16.140 5 24.252 1 107.011 214.022

AR 1R 2 Bt AT b, v LA W2 Hi MR A 2K

1) iy P A A8 46 B A AR 47 0y ROBE i O
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2) M T GO B R G, SR [ 14 ] 45
FEBSECG LT Hu AN AR WA 48 O A8 1, B LAl
WAL FE RS AL A 22 5

3) MG N T i 37 e 75 FIARCER M s 22 5 il I8
AASFEASAEANTC PR Il 90 AS A8 S EL AT X (R e 7
AU R o 3 — P T AR AT B, RS AR AE 32

3 SKILERNRR KRR

Y UEAS ST AR B AU PR RE , A
DP AR PRI P h e T 5 2R R R0 1 gt
T ERE PG, A 3 T AN 72 R Ak R A A TR
()R, A PR A Hu AARHE FIANAZ INBRE , 23 i AR
N BERLRAAE HEA T RS, IFAE A S
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APEIIRE . AHOCRRE R (i L)) BYE LR

S X)X

/2[&(@]2 /k'z"l[xxmz

R(i,j) =

(17)

2, X, XG 509 DA P R P 5% A b 5 AN 2 R 1]

i, n oA AR RIEIF LR A LA 0 <

R(ij) <1,

HR(i,j) BYRSCRTAL, R(iLj) R, EHR T, Al

T AL, PRI S5 36 v LA e ROAHARLE g DU, K 36

AN EL IS T (1 i T PR [ AR A S R R, 3 2R AN
AU RIS, 3 3—K S For,
%£3 Hu REERHLER

Table 3 Recognition result of Hu's invariant moments

23 gl
EHEES DIHIBRL oy R ORI R ALk
A% 12 6 7 7 4
EB 9 4 5 6 2

B/ % 75.0 66.6 71.4 85.7 50.0

BARRIER/ % 72.22

R4 ARBNFEFEIRANER

Table 4 Recognition result of invariant wavelet moments

JEk 24 R
WS VIMIERL S5 R B BORERL S AL
ML % 12 6 7 7 4
AR 10 3 6 6 2

PR/ % 83.3 50.0 85.7 85.7 50.0

BARBIZE/% 75,00

RS HKATEIRANER

Table 5 Recognition result of curvelet invariant moments

JEE 2 T
IEH SN YIHIEERL 207 R BRIRESRL UL
WA %L 12 6 7 7 4
IERHU 10 5 6 7 2
WMR/%  83.3 83.3 85.7 100 50.0

MiRRIER/%  83.33

HI3% 3—3 5 SEER 2R nl A, AT th A2 56
FHIESEAT IR, RO R 1K ) 83.33% , R I

AT Hu ASFEMAA /N o1 T U0 AL
BCIRERRLELAT A S (1 il 2 A7 SRR, MO AN AR
NS FCPRUACR 8 38 48 i 5 Tl S AL PR R AN SR AR B I
SROF TR OFUNBCR A S o R, R KI5
PR R 2 AN 72 R B A 00 3 Tk LR T ) £ 7 S
PERFAE , JE R BRI ) — A R IE S

4% B

BT AT 2 A S R P PR (R £ R AL,
b AR e 5 | AP ARS B e, ) — T iy
WA AR fifp 5 FAL B RSN AR RS U vk o X S
BER 5 Hu A RIS NBREAR EE , T £ LY
B AN SRR | 8 B 3t 9 3K R 1) h 4 7 S
A, FA T v B BB RN E B 5, JE SR IR ERE A
FHIER A RS H
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