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Abstract Based on machine vision, one method used for detecting the surface defects of ceramic bowls is proposed.
This method is mainly used to accomplish the edge detection of surface defects by means of Kirsch operator in
combination with Canny operator. It adopts the eight direction templates from the traditional Kirsch operator to
calculate the derivative convolution of every pixel point, singles out the optimal template, and determines the edge
direction. The high signal-to-noise ratio, high detection accuracy and edge detail keeping of the Canny operator are
combined to accomplish the detection of surface defects. Whether there is a defect or not is determined based on the
the geometric features of defects. Experimental results show that this new method can effectively suppress noise
disturbance, improve the edge localization and detection accuracy, keep the edge information but simultaneously
avoid the occurrence of false edges.
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Fig. 1 System design
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Fig. 3 Effect of image preprocessing and histogram. (a) Original image; (b) contrast-enhanced image;
(¢) equalized image; (d), (e), () is the corresponding histogram of image in (a), (b) and (c), respectively
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Fig. 6 Effect of images processing from eight different templates of Kirsch operator. (a) Template 1; (b) template 2;

(c¢) template 3; (d) template 4; (e) template 5; (f) template 6; (g) template 7; (h) template 8

Kirsch 57 BA7 B0 A G I RO K LR RE ) o AELAF A8 300 G e LA TR . 10 A 1 3 07 1k 4 22 30 % 0L 25
B B X Kirsch B AEFER RIS, 3211 7 —Fh 5 T Kirsch B+ f1 Canny 5+ H45 & 1Y P % 0 3% 11 6k e
G0 3 B 1
3.2.2  Kirsch 1 Canny & F1H %5 & B9 11 20 0 55 16

Canny 57 R @ M R &L h (s y o) WG IR 20 0 #2247 RN S X A6 IR f (e o ) AT B B 45 3
R g o sy s 7 s BORTF- 3 R 53 5 ol

1 71‘2+y2
ll(x,y,a)Znazexp( 57 ), (2)
glx.y)=h(x,y.,0)* f(x.,y), 3)

Ko AR R IRIEZ, « BERBAMN S, M HRELIREE R, € R HEEH N 0=0.04, (x, y) RHIE
B R AR P ER g (o) TE oy T — B s 815 5ok
o) ~G, =[f(x+1.y)— f(xsy)+f(x+1,y+1)— flx,y+1)]/2, 4
ey =G, =[fx,y+1D)—flx.y)+fx+1l.y+1D —flx+1.y)]/2, (5)
K G, .G, iR EER g ooy FE 2 I W — 8o £l e y) By D5l i — B koo £ (s y) 1
T ARLE o T AT A 20 R BE R M (20 y)

M(x,y) =/G:+G%, (6)
FERETT 1) 0Ca s y)h
0(x,y) =arctan(G,/G.), )

I S o 3 A7 S 3R A ZR A AR AR R R A T S O SR P R {1V R 0 % P 37 P XoF 3 % 0 AT XU K

T ARt A HE i BMR #EAT AL GE 1 Kirsch B SR, S8 J5 % £ B (18 56 i Canny B F #3015 3
T A BAR A R AG ISR L AN 7 Ca) BT s . FR L 7 Cad T AT 2 B 10 0 % 4 A VA JRE R v 3 P R 5
BB AR B AE D R R/ NIRRT AR S Rl ke i T A5 AR 1T BB 2 P e i il A A AR v v i sl
R HBE N MDA SR T AN R S B ) LA REAE TSR SR P A% 5T BRI S BR R LAY T AR B R A
FRARCR N E 7D PR,
3.3 BEBESZELE

BOFIE AR B — @ AW 4509 70 R 2 B2 5 R4 G b % o o7 HR: o 2 1 36 310 A i 45 40 #r
ARG E 0. ek K s 5 S R B R A AR T O T 45 B i B DX JL AR REAE 2
M1 iz 55 S I EMRE 5T S R ROCR K 8 s,

0904001-4



7 oG AR IR (b)iH BRI &

Fig. 7 (a) Edge detection image; (b) noise-eliminated image
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Fig. 8 Effect of morphological processing

3.4 ERBA XL AT HEFE R B

S RGEGAE PG B IE ST B 20 By . A 3 e o gl o DX ) TR AR R ) 0
B S BAT TG I 1A T

By ) WARFR AR, P (20 y) HERFE R N SFE X R RS on AR AR BB AR E

A= D) P(z.y). (8

(r,y)ER
W N, i EWMEENEE,N, By Fia LR EDEBSA, N IR %GR REAFCA R,
N.w— N, —N, J&7 I FARRABOSF, WS FE R Ry
L=V2(N,w—N,—N,)+N,+N,, €D
R A Bk B ) 8] D T AR E SCIRDIE i A
LZ
C= /mo (10)

BRFEIEAPRB S % DB C EBOR . C WIRME R A C=1 f C=0 Pifh, C=0 Wf, FIBr o s fE s C =1 W, H B
A BRI

3l

4 LH

FG M CCD MW B $ 4 k (C-STYLE, J7 R A I TR & T R BRA AL D 20 B Ry
640 pixel X480 pixel, f&HE N 2.8~12 mm ., Ay 52 B P % i 2% T ol s Az 0 1) 1 A, B2 s Az I 2% 3, 78 Matlab
T IR A

R TR A BRI SR SR DI A P P P R g AT S B M E L A RN 9 FR . B 9 () FTEL 9 (o)
3 530 A B T 19 2 T D P A8 181 9 (o) R 9 (O 23 5310 0 4% I S F Ak B4 2R, ke 30 20 D S 5 o 5 181 9 (o)
K 9C2) 4305 0 Kirsch 571 Gk N 45 53 1 I 25 5 (0 A v 3 SR 0RO i 2 468 ) L5 145283 Canny 55
TAb PR A HERR AR G ANAL L D G B AS T O TN T BT BRIE 25 BRAS I L B I A AL A5 R AN
9(d) FE 9Ch) fIrw .

THRAE T 315 K AR REAS R AT AL BRAT B K . 3 1 DI BEHLAIIY 20 4> B A Y 2 R AR L AR
Bl b HEAT NCTAG I, A BOZ SRR ARG I 25 2R 5 N A 25 2R+ 3 W SR ITZ ST A M e o PR

BRI E W ER P R AT 6 MR RIS GRS k) sEAT R I LA TR I 8 Bm o L G 3t i 45 R 7 i
WA ECH o DRV PIRRE BO0  — JKe J0 SR B DR D A SR E 5 — e R AT Bk B 4 D DGRBS o ¢ S TP R A 1Y
FEARKCH D9 REA B H S N 06 3

Sy — 0
p (1 N]xwoﬁo (1D

0904001-5



B9 T 2H P % i 22 T SR FA A I S SR . (o) (o) JRIEIMS s (b) (D) T Ab 3 K44 5
(o) () Kirsch B F b EME s (d) (h) Br5 ik ab 3 E 14

Fig. 9 Effect of defect detection of two groups of ceramic bowl surfaces. (a)(e) Original images;

(b) (f) preprocessed images; (c¢)(g) Kirsch operator processed images; (d)(h) new algorithm processed images
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Table 1 Comparative analysis detection results between 20 groups results from machine vision detection and manual detection

. . . Machine Manual . . . Machine Manual
No. AArea Perl@eter Clrculoarlty detection  detection | No. A?ea Perlr-neter C1rculoar1ty detection  detection
/pixel /pixel /(9 /pixel  /pixel /(9
result result result result
1 875 1291.341 12.315 Defective Defective | 11 398 290.450 4.107 Defective  Defective
2 0 0 0 Fine Fine 12 862  635.077 6.102 Defective  Defective
3 1101 1083.740 9.213 Defective  Defective | 13 0 0 0 Fine Fine
4 696 742.128 7.935 Defective Defective | 14 0 0 0 Fine Fine
5 346 305.972 4.640 Defective Defective | 15 739  922.677 9.575 Defective  Defective
6 472 510.019 6.617 Defective Defective | 16 1151 726.894 6.044 Defective  Defective
7 858 947.585 9.125 Defective Defective | 17 625  482.065 5.439 Defective  Defective
8 911 252.303 2.355 Defective Defective | 18 1329  693.352 5.365 Defective  Defective
9 0 0 0 Fine Fine 19 0 0 0 Fine Fine
10 372 514.511 7.526 Defective Defective | 20 0 0 0 Fine Fine
F 2 6 BREE I ARG A BE L
Table 2 Detection accuracy comparison from six kinds of algorithms
Algorithm Number of errors Accuracy /%
LoG 68 78.3
Roberts 52 83.3
Sobel 43 86.2
Canny 38 87.7
Kirsch 24 92.3
New algorithm 15 95.3
5 4 e
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