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Design of Steel Toecaps Inspection System Based on Machine Vision

GUO Jie', LEI Gang', CHEN Jian-shen®, XIANG Shou-bing'
(1. Department of Electrical and Information Engineering , Sichuan Engineering Technical College ,
Deyang 618000, China,E-mail : guojie@scetc. net;

2. Department of Electronic Engineering , Tsinghua University , Beijing 100084, China)

Abstract: This paper presents a prototype online system for the visual inspection of steel
toecaps. Using this system can not only reduce the labor intensity of workers, but also im-
prove the inspection speed and accuracy. By analyzing the deform characteristics of the steel
toecaps, an inspection method was put forward based on 14 important indexes of the 8 main
deformation areas. The specific graphics algorithm was focused. The system performance
was tested based on the Halcon software, and the influence of motion on measurement, error
sources and their eliminating methods was analyzed. Experimental results show that the
maximum error of the system is less than 0. 2 mm and the missing rate of defective product is
0%0. The inspection accuracy is much higher than the manual inspection, and the average inspection
speed is 213. 71 ms, which is faster 3. 5 times than manual inspection. The design of the steel
toecaps online vision inspection system can meet the demand of industrial production.
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Fig. 1 Appearance of steel toecaps
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Fig. 2 Manual inspection of steel toecaps
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Fig. 3 Edge of steel toecaps and important checking

points
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Fig. 4 Structure of system
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Processing of image. (a)Original image; (b) Calibrated image; (¢) Reduced image; (d) Sub-pixel edge; (e) Sub-pixel
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Fig.7 Segmenting of burr. (a) Edge with burr; (b)Background; (c¢)Closed background; (d)Segmented burr.
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Fig. 8 Model and 5 testing toecaps. (a) Model-10L; (b)

Toecaps1-10L; (c) Toecaps2-10L; (d) Toecaps 3-
10R; (e) Toecaps 4-11L; (f) Toecaps 5-9L.

5 ARG AN AL Sk, “TOL7 4R 3 10 S8 42,
“TOR”RHE 10 S EEM A7 ), HoAh 24

% 1 2HEE Mvtec 22 6 Halcon 4 4w 5
AR R 3 AE AT T AL L A 2 i mLas 2.
T8 beAs . AR R T A T R AR R ORI A 9
KIGESE w M KEE L,

x1 ESHTRMNELHENER
Table 1 Inspection result of toecaps in figure 8

Wk B FERL FER 2 BRI 3 HEM 4 FEM S
xpn/mm 1,14 1.08 1.24 0. 99 1.03 0.98
rp/mm 1,50 1.13 1.39 0.76 1. 06 0. 58
xe/mm 874 8.80 8.15 6.70 8.52 5.19
xp/mm  83.14 83.15 84.04 86.62 79.82 80.14
xg/mm 88,28 88.25 88.84 90.31 84.49 87.24
ay/mm 88.67 88.30 88.68 90.18 84.90 88.02
yp/mm 39.90 39.78 39.93 42.01 38.23 42.56
yg/mm 41,82 42,04 42.28 43.52  41.30  39.69
w/mm 89.37 89.28 89.78 91.07 85.52 88.87
h/mm  43.82 43.99  44.00 45.60 42.77 44.19
L./mm 155.43 156.76 156.84 160.77 155.16 155.81
A./pix 488 382 489 361 494 496 522 429 461 374 490 696
AL E / 0.953 0.739 zs zs Zs
I[R] /S 215.47 208.27 227.17 213.14 206.25 232.44
w/mm 89.36 89.24 89.68 90.94 85.26  88.64
R/mm  43.74 43.90 43.98 45.52 42.66 44.08

i

& P R S Bt PSR
JE e KR B 5 R b R RO 9 45 SR I A A —
i 2 o 9 FEE I Qi 25 B T AR o R 3R A% 2
BERES, 5 — D EBER R E R Tk
Uiy 11 468 TR 47— A0 A s S TR AN A Sk 0 0 A 22 S 4
s (2) i G e B R AT R W T A 2
% R 2 (R AL 52 ) e B o A R S A
JEE I 1) PR 2RO A S A 2k T TR R R 1 A R
YHTRRE B AN a3l g R S 8 UE A S LA R
JUARD ROSF A 0 o 158 22 Y5 [ 245/ T 0. 2 mm, iIXAE
B S AT Ml 28 0 — AR %) DN A R i
T, Sk 9L 10R F1 111 A% DT IEAH L 15
g1 R E R 3 A EDE 5 EBUE IR UGBS (Y A7 L
T N RAE R E R 0.5) R 5 Bk

o

d\

4EL
¥

S
5

7



WA, e BT LA A Sk A R S i 775

WERI S A PR fER E K : s=0.9,AL¢/Le F
AAC/A< 1% Aw., Ah Az Az Az Axe .
Axg Az Ayps Ay << £0.5 mm, r <0.7
mm., & 8(b) Fir s A 3k 55 18] 8 (a) Fr s AR AH L
AT RSB A4 E 8 (o) Pk C
RUAT G 5728 T 8 A S 35O R0 B R AIG T 4 1 o R
Wt o A E— 20 00 UE A 0 W] S 2 T BT
XA S A 7 A ol e N TR I Y A A Rk
fn 4% 1 000 A A I X 5, 7E A S 56 i 6 I
DL iR 14 Tgs bR AT A I 4558 1 000 44U it ”
To—H % KRN 0%0,1 000 NG M7 A
184 />R 3K B 48 bn BE oK 530 S ik B 2ok KA S hy
ANE & F WA K I 48 A b N T ARG 02 o ™ A
FIHER .

4.2 AT E

SR IOE T A G Ef ] S — A SR R B . R 1
o6 ASHEL Sk B SF YA DU B[R] 217, 2 ms, 7E L
RHEATHY 2 000 >4 A Sk A I S 55 v L B A R
T[] S 268. 334 ms, P B AG I H] 213. 71 ms.
IR B 58 B Wi =107, 19 mm, {3547
JE 0=0.2 m/s, f5i J5 P84 Sk 045 0 18] (4] B

& % X #:

t;=W /w2536 ms, i1t ] DL AG: I ) (6] 396 R o =
0.2 m/sHYLELAGIN 5 28, a] LUK B & /N 7 000
ANE RN BE . R B — A R R o i T LR
AE » Add FE o O AR R R 0 i L gt 2
A U BB G I ] L 75 B Bk O R TR A

HOLI I LA % 8. 7 Ak 1575 1B s 227 4
B B 73 P 2
5 #  ®

FEHLAR 058 51 A B A Sk 1 78 LA Il 48
AR RLURE (8 A~ A8 T 508 A5 Y AL B L B K BE BE
T R B TR T BRI 7 2 Bk B R SE AR 14 T
FEm AR Wk A8 L T 0. 2 mm U
TR RS RS B S BB AT A TR S 0 Sk ke B L R T T
JIC 376 768 3 A% Gt B R I i s 1 38 uE A T B (]
AN 300 ms, BETH & AE Lk I ) ] 2R L Gk BT
7000 A>/h ks DU RE g, A I R OR 24 2 B T
AN 3. 5@'@5&%%*&‘:1‘&%@63&7%%?!@
TN 43 5 AN [a] 285 0 4 60 3k 25 oA D) g .
ar LT I5 F T 99 4 3k 78 Ze A il 2 — ﬂm%717
i A e 7 %

1] R, 8%, WALk W LA M5 ek [T, #4938 R, 2011,17(2) :46-63.

[ 2] Z5—15 W7, B4k 2%, 204 W& STt B b B R ST 590 L)), i dh 5 2 7,2013,28(1):110-114.

[ 3] BRuLM, skoes. B F RGN R M EEALN R RS [J]. &5 257,2011,26(4) :561-564.

[ 4] 25 H EZALA (ND 2 AL HLE 05 0 o] iz % 5 Tl B sh b R G0 % 0w A Bk ()], & F 3 R 5 R, 2009,35(6)

24-25.

(5] FERBAL mATH . BB . CCD MAE K R m & kbR e [J]. 2% # % 14,2011,19(8) :1903-1910.
L6 7 XU FLALE . £ %R, %, 2T HALCON WAELMERA LIS & Bk atss S5 (], s kit 5 6 i ,2012(2) .

61-63.
L7 18R FBLEKINEAR K

(8 1 Ji B s I I W % 1 ﬁffﬁ{m ARG WAR R
460-462.

RLAWESE (D] B3 AR B R . 2011
G B AR B xF S [T AL s

A& F 3R, 2003,24(Z1)

[ 9 ] Carston Steger, Markus Ulrich. Machine Vision Algorithms and Application [ M]. It 5% . ¥ 4 K 2% H R £L . 2008 .

176-238.





