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Strip Steel Surface Defect Recognition
Based on Complex Network

Characteristics
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Abstract
teristics of dynamic evolution complex networks is proposed for
the strip steel surface defect recognition. The extracted features
possess displacement, rotation and size invariability, strong anti-
interference ability and robustness, therefore they are good clas-
sification features for steel surface defect recognition. In order to
improve the efficiency of classification, the principal component
analysis (PCA) is adopted to reduce the dimension of the fea-
ture vector. The directed acyclic graph support vector machine
(DAG-SVM) algorithm is used for the defect classification. The
experimental results show that this method is of high recognition
rate and fast recognition speed.

A feature extraction method based on the charac-
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tics, principal component analysis (PCA), directed acyclic graph
support vector machine (DAG-SVM)

RS KL M HUBRDE . BUSHUR AT
FEEEARE AR R, TR ALl T T E
ST, SO R T I 2 R A S A A e L X L
e B AN A F S R i R AR, T L A R B 7 L Bt
JE P T P S R R R AT AN IR BE IR S, AT AR T
2 i R PR RE AN TR, AT 60 o e 16 S IR A D 45 7
I, IR AN (1 85 83 s P R HORH B2 PR 42 1) T B /N ke o
AU, A B R AN i TR P R ) B . H AR
AN BB 1 B R R IR 40 2K DA T 28k
O T T FROHL B B 2% A Ao P A5 DI A R 2 S
HRIVRFAE D 2 22, B TOUE 2%, RAER G b A7 4™
FTHL, X LEPR ER T U AN B U0 AR PR R AR A )

k.

WA H ) 2010-12-01 I HY 2011-05-28

Manuscript received December 1, 2010; accepted May 28, 2011

[ [R5 34 (60804040), EIEAKH 44 (111065) %

Supported by National Natural Science Foundation of China
(60804040) and Fok Ying Tong Education Foundation (111065)

1. P TORAAE B S H LR AR % 710048

1. Department of Information and Control Engineering, Xi’an Uni-
versity of Technology, Xi’an 710048

SORLAE g — AP TR, FLIEACE R IR 1238
FINBHRL A B A AR . TR B SRS R A
(7] PR 2, LB A A A R AN [R] AT R k2 S AT T )
AT SR (8] R T A Ak 4 B AT AR UM, 2B 1%
IEFTK IR R, A SO0 s B T e B DR 0 ) R, i 13 T
% A 2% P ) el B 2 T R TR 0, % A B B
PG G LA b, 3 57 BRI G 52 2 W 4 5 7Y, E 1T A
P45 52 20% A 9% (1 B2 A A A Al e AN e . AP AR AT X
PR KIS LS B e e AN vk, B AT BRI HT TR BE
AEEEPE. O T 3w PUNRR, R o o # ikt —20
BEAR 7 Re AR KL, R SCRF I AL BRI 5y, It 20
P AT 1o JE 0 P 7 i S 22 2R B 1 vt U SE B 45 2R
W), H TR 2% WS (0 AN R T B R VA SRS TR
LFEIUIRCR, PO, T HL R R

1 BT &M EHE IR ER b B R FHIE f A

AN B UG SR v, % L AR (1 [ 5 Ak B35 43 1E
ATTRT AT 2H, 32 TSt A 9 T B0 o P 4 P 1 ) 1) R4
g WK T AR R 4, A E ANk A AR R 1
b SO W 1 prR, b 36 ARG B 1R, 1R
ZeBAT . A EBFIBUT, 23 B AS R A ( Beff: Sk Iy
(1 ~ 3)s FZEBE (4 ~ 9) RGERERRE (10 ~ 15), FH
(16) FALERRZIEA (17 ~ 20)+ IEAZRBRFE (21 ~ 23). HLb
Bl (24 ~ 28). WWIBIG (29 ~ 34). PELES (35). B
Bl (36), 3£ 10 AN KIS, dx e ik v 4 — g 72 X K& T
T2 % 10 o 5 RNV 4538 11

~SIE T
72 K I A
NEOIUIOIE
PV R EE
Lk LIEAAN
mil2EIEN

1 AR T B 1

Fig.1 Strip steel surface defect feature picture
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(a) Four similar defect samples
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Fig.2 Comparison between degree and degree variation for
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Fig.3 Degree characteristics for all defect patterns
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(a) Displacement, rotation and zoom of the samples
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Fig.4 Feature invariance for displacement, rotation and zoom
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Fig.5 The robustness and noise resistance of the features
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Fig.6 Classification procedure of DAG-SVM for 3 classes
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Table 1  Effect of the threshold interval on the recognition

result (optimal DAG-SVM)

MR (AT) P (%) WBRE (ms/IR)

0.015 94.36 50.01
0.025 95.85 46.33
0.05 97.19 37.12
0.075 96.03 36.79

0.1 95.99 35.64

2 AP R AR

Table 2 Comparison of different recognition algorithms

PUI B HIEBH PO % B (ms/liE)
JEREZ N Bt T 100 x 100 91.65 19
LDA R F: 100 x 100 94.05 30
BPNN 2 4ik: 15-39-1 95.55 77
1v1l-SVM RBF, C = 10, o2 =100 97.14 110
It DAG-SVM RBF, C = 10, 02 = 100 97.19 37

H BB SR AT, HEA SR AL IR TT A b, BT
SR ML RRHEXT TALA8 ekl o ROT RAT AR, HTehe
AU PRIE SR, RIAEE SR 7 B0 1) EL AR VT S i PR 0 A
WA B (R R0 8 R {EL PR TR DL e S0 T AT PR i i, 24
WS 75 B B RN U 3 KIS T B LDA S A T AR L
RO PUME PR RERC . (MR Sk iz A Re ) 22, IR0 AT
AK; BPNN SLF00 TR 7 17 D0 U3 R AR g, (ELBE A 1
T ) 384 R U A B B, o g PR UK, 1y EL IR )
I ARG 1v1-SVM Sk il T SVM {570 2KAE 01, ¥4
VUM AR iy AR E, A BRI ST R & PR RE ), (H
X 2 U ) LA AR ARG, ANSCE HE ) B 2% I 2 FL 15
MEFNIRAL DAG-SVM S8 P 2 PR30 380 2 DL K Bt e

D152 T IR T R A HIROR.

Recognition rate
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Fig.7 Recognition rate curves of different recognition

algorithms under different noises

F4 ADFERHERE TR IR (W5 DVG-SVM)
Table 4 Recognition rate comparison of different feature

description methods (DVG-SVM)

LR PUVIRFS RENELERL BUIE (%) A (ms /)
AR 7 85.11 10.1
LI 20 72.57 5.9
NBEA T 40 61.19 9.6
RICT7ik 15 97.19 16.3

TON R 2 8 ) e P Rede AR, LR LuE T
AT AE ARG LN BB s IR, BT A7
VERIDEE. A T HE— D B AR SO R R, AT
ARICTTHEN P83 % F 5ER5 M (Receiver operating char-
acteristic, ROC) FlIEffi % — 49 B % (Precision-recall) 434
Wil 8 (a) FE 8 (b) Fran. 52 H MAEREEFI IEMf % — A 1]
FRAEE X PR, B 8 XV g R 36 K E
I TR (X 2) P 2K, AR5 KINT 36
REPPIIF B EE K. W UR BIA ST 1L 1) 4 52 3 454F
VAR R SEE A LA, TP IR R — A ] e v R R
T b, LI T RSOV R R,

3 S TR (%)

Table 3  Recognition rates of different recognition algorithms under different noises (%)
)% (dABW)

VU5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R IC T 86 86 84 70 85 80 72 72 80 74 72 64 58 65 55
LDA 94 88 94 86 93 93 85 85 92 88 82 86 84 75 71
BPNN 97 97 97 92 91 91 89 80 68 72 63 65 62 58 50
1v1l-SVM 96 89 97 86 97 97 86 86 97 90 84 86 85 75 72
&t DAG-SVM 96 90 97 86 98 86 86 97 90 84 85 86 85 75 75
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Fig.8 ROC and precision-recall feature of optimum
DAG-SVM classification results ((a) ROC; (b) Precision-recall)
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