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Automatic Recognition Method of Surface
Defects Based on Gabor Wavelet and

Kernel Locality Preserving Projections
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Abstract Principles of Gabor wavelet transform and kernel
locality preserving projections (KLPP) are studied and charac-
teristics of surface defects on hot-rolled steel plates are analyzed.
A feature extraction method based on Gabor wavelet and KLPP
is presented and applied to automatic recognition of hot-rolled
steel plate surface defects. Surface images is decomposed into 40
complex-value components at 5 scales and 8 orientations by Ga-
bor wavelet transform, then means and standard deviations of
real parts and imaginary parts of the components and the orig-
inal image are calculated as features respectively to produce a
feature vector with 162 dimensions, which is then reduced to 21
dimensions by KLPP. A multi-layer perceptron classifier is con-
structed to classify the samples with the 21-dimensional feature
vector. The feature extraction method presented in this paper
has low computational complexity, high computational paral-
lelism, and can discriminate edges and textures along different
directions. The method is examined with samples of surface de-
fects captured from a hot-rolled steel plate production line, and
the classification rate is 93.87 %.

Key words Gabor wavelet, kernel locality preserving projec-
tions (KLPP), surface detection, feature extraction, dimension
reduction
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Fig.1 Hot-rolled steel plate images

32 AERRASSH

FEIAT SCHR T, — M ek s s PR i 46 AN RS A4S U
i 1) Gabor /N REL (A HISCIRO JLHETT TR RAE) #4247
TERE R AN e 1) B, SRR % i 4 AT R R AR,
KA B AR 1) AN H AP ARE. O T Rk
XA, ARSCECT R SdE, $EH Gabor /N R EU ST
RHE (ME + 7 22), TE R AN 4O R AR ) e 4R AIE 1)
SRIG K KLPP S50 % i JERFAE ) S HEAT B 4t (XA P4
LR AT AR AR A R HESEER). R T IR 5 2 X6 R H bR
(PR AR, B, A SCOT VR MR IE RGP B A

IR RS T VRS BB 2 AN AN [ RBEAS TH) 7 ) L
(1) Gabor /AR, SR 5 o3 Sl VH A OB & AN J7 1) F 1
GEVHRRAE, AN S S A5 ) TSR AR EAROT ), DR,
IR oy R M IEAT At ok SE B, #7 R 2 4% CPU, WAl K
JEE by 93 /D SV A PAAT I TR). A ST P AR AE 3 B R AR By
BRI [A] 52 2% S5 5 UGG AN EL (MIN) Bt B &R
(O(M Nlog,(MN))), BI85 42 LK.

4 I
4.1 [EGHEARFE
T IAE _FIREET Gabor /N S BE SRR FE 32 B 7 10



440 H | k.

FF KLPP 5812 B A 0 R 1 328 45 07 16 e AR 2R 1 e B 43 28
PO R, A ORI FAEIA IS AT () 3R T 5T B A 3R 48 A
FE] A LA AR ZE P 2k LSRR T 5 BB AR BRI (R 1R R 405
B RS PRI AR, ML) 3 Frgrasps (K
IR AR BRA) ALK 0 B, JREE R IR SE R 732
X 287, H HT AR I -5 TR B A S AR R AR ) e
DXk, 0 I AR DX IR, AR 5 R B 5 TR BT 6 R X
AT 4 SV, A SCRIF I 2 st AN e B (1 A 00 1 S5k e 1)
SFERAN, Rk, A TR A L, AR S UG F S 1R
128 X 128 kAR, —JLRELT 1273 AMFEA, o, 637
AMERIGRFEAR, G341 636 MERIRLE. £ EEREA
ANBOHRE 1% 28 BB H AR 2z LA B

4.2 [RUEHEHEHE

R AR N, 1217 KLPP 5%, 55 21
AN AEFRFAEA (> 0.001), RIVIZRAEALRI N E4EE0E 21 4E.
DAL, ASSCRR BRI 1 o AR 17 B f 21 21 4. ASORREST
TS T ARG R IER R Z MR, 5T
2 Fron g R, Foeboly B B (R BT e R AR R R AN S T

PR I IR A ARG 2w DU an R 23 A, 242 ) 4
BUNTINGRFEAAR TR I A AE e U, B AT 2 1125 1) R
RECLFR AU A A A5 6L, AL, Bl 5 Ta) 4R A ol s, 2328
AN BUREA S L3RAG K 0 SRIER B R, 27250 1
i NS R E S S WA DS RERZ -/ I R L KO 7
JLPaiBAE S, BRI, Bl 522 (w44 8, SRR B A 4
oL 2 21 4, BN AELE O AT BN, A7 A5 S BT 1,
IPRIEMFRIEARRFF AL,

4.3 HEfttXHRSHAIER

R HE SR I R M B U7 I OGBS Uk B 4 Gabor /)
BB kmax = 7/2, [ = V2, WIS AN, A REHL
8 A7), K b R AR B I R AR R B T vE R I R FE AR
SEPR IR T G A )F R KLPP Sk 5] 21 4. FIH
B of )5 A3 B VI SRR AR SR A 2 RN 2% (Multi-layer
perception, MLP) 7}34%, £ RIEENMSMEECH 4 )2, 75
B 21, 30. 30, 9 MHZIT, KH RPROP (Resilient back-
propagation) 513412 YIIZk. KLPP SHCR A B 7, ik
FH Az R K, SRAR T SCRFAEAR R AIE 1) 5 1) I 1E AL TR 7

¥R 36 &
1% 0.005.
0,

95 2 . . . 30
Q
=
94+ S
=]
o
2 S
S 93 o
E=} Q
.9 A A~ A o I?‘
8 927 0§
g 5
8 91r 3
©] el
90} —— Classification rate §
—-©— Number of non-zero eignvalue ~

89 : : . . 10

10 15 20 25 30 35

Specified dimensions of subspace

K2 SRR A R AR TR HS T ] 4 2 e R ] 26 R
Fig.2 Relation of classification rate and number of non-zero

eignvalue to specified dimensions of subspace

4.4 ZLRERT S

N R AR SRR AE U 25 ik MLP, Ik IEM2E N
100 %. X AREEAR LA SR K LR ERAE$E I 5 R AT 3 2 7
EBEURAE, R NZRL i MLP 37008, iR &5 SR an 2
1 .

MG &5 JE AT LU 3

1) SR ARSI ST RSB IAT 025, BRI E
93.87 %, X1t AR SC R AE RN 7 ¥200) B 23 28 R AT R

2) XA B R R A 96.97 %, XA RS T
LA B H L

3) LSRR, AR a. B ZES Ghim) K4 AR L
FORPARHIE <€ R =TT A ETE V2 ARA R < D O N S
TR RE B T LB 3, I il [ 22 B 43 D B 1) LR R &
JH o U S o VR ) R A A RGO, X SR B ) TE 2
RFAE 58 1) 244080 0 S0hf SEAR AR A, 5 SOPR R 3 1) R E B AH
1T, ISR 5. BT 3E BB N Ak Bz, N1 il
o, BRIRATIAR B 08 CRFRAR o RS H 2.

H i, 57954 Matlab T2, R51—1F 128 X 128 [f1#%
6] B 4% 75 22 70 ms, {EANBCE AT IS LU B IS DL, BENE i
JESEW R LR RIS AT LR R UL T, IR T
AR T iR AT e A A

# 1 MLP [iliAss R
Table 1  Test results of MLP
Bk Akt BimRLr ARRLL WGl Ak R g JEIR EFA 4 FASE  EHE (%)
R 31 0 5 0 6 0 0 0 0 31 42 73.81
AR 0 37 0 1 1 1 1 1 1 37 43 86.05
ARSI 1 0 127 0 4 1 0 0 0 127 133 95.49
ENDESEA 0 0 0 226 0 0 0 0 0 226 226 100.00
G £ 1 0 1 0 48 1 0 0 1 48 52 92.31
AR 0 0 1 1 1 96 0 0 0 96 99 96.97
i3 P 0 0 0 0 1 1 11 0 1 11 14 78.57
4 I 0 0 1 1 0 0 0 11 2 11 15 73.33
i IR 0 0 0 0 0 2 0 0 10 10 12 83.33
& i 597 636 93.87
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