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Visual metrology for steel plate sizes based on
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Abstract: A visual metrological method based on a two-parallel-plane camera model is proposed for the
measurement of the sizes of moving steel plates on production lines. This method uses a data driven
mode to calculate the world coordinates of any image point’s corresponding projective point on the cali-
bration plane. A k Near Neighbour(k-NN) algorithm is presented to generate the distortion free pro-
jective image on the calibration plane from the original image and to build a direct connection between
the image and the world coordinate system. An optical center localization algorithm is also proposed.
The metrological method uses line structured light to realize the thickness measurement. Then, it ex-
tracts plate’s edge lines from the distortion free projective image by using their parallel or perpendicu-
lar properties and calculates the size of the plate from the edge lines equations in the world coordinate

system. Finally, a framework of large scale steel plate size measurement system is given. The above
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method is a monocular visual metrology. As comparing to other methods, the method is characterized
by simple mounting and smaller calibration process. Experiments results show that if a camera with an
image resolution of 640X480 is used to measure a standard 80 mm X 50 mm X 15 mm aluminum cuboid
via the method, the thickness error is 0. 1 mm, and the length and width errors are both less than 0. 2
mm. When the method is applied to real steel plate measurement, the measurement accuracy is higher
than manufacture accuracy, which shows that it satisfies the demands of product measurement.
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Fig. 1 Schematic illustration of generation of projec-

tive image on a calibration plane
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Fig. 2 Principle of two-parallel-plane camera model
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Fig. 3 Principle of optical center localization
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Fig. 5 Illustration of steel plate thickness calculation
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Fig. 7 Framework of multi-camera measurement system
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FEMTHR A R % RS2 AR A R TE L 3 TP Y
7 R

PLIEL 6 FT 7 (1 B J3E 0 ek 445 51 K 1], AH BIL 43 98
7 1600 pixel X 1200 pixel, 7 ERIH 4 mX 3
m, 5 205 T T 2 S L ) R 25 TE 3
mm AP B S /N T AN AR AN TR 22 7K F

4 EIBR RS

4.1 HPERERIE

SR 2.2 71 bR o TR R AR O
A RO S B e BT — 1 3 T AL A B O b
W EMR AN 8 Ca) BT . 1% R B 4 BF R 640
pixel X 480 pixel, L& 4% b7 & L A 10 17,10
G 1 5, 5 OpenCV 1 F1 o5 $12 BUSE 15 42 A
S R RS TR AR R X ) SRR R L 43l
BRI k=1,2,3,4 PUFE B A 5% 5 1 4% 52 B
B, BT R B AR TE S A e T A A R
114 VL 5% D 2 Xof o S Al 2 THT 114 LS e, R A A
FERR 8 BT 1V F S 1) S, AR R AR 5 IR 4y
B S 1 100 pixel X 1 100 pixel, 1§ Z #5 HK
0.1 mm , FIZE B W 478 55 0 o Ml i A7 35 X3

(a) JFIREHB
(a) Original image

(b) k=1

() k=2

(D k=3

(e) k=4
B8 A A i R 9 A A 4G SR

Fig. 8 Generated images of calibration plane

BT H A TR £ AR B VA AR X 4 R R
B MR AT A s 4R B, S 3 B o L A A
TR 5 E AR FR AT X . B 8 (h) A 8(e)
e 2 A B PG B Jm R L R DL e B R
A L G I 0 B W s A I AR R AR T AR R
5 WA A G DL B o A s ] LI TR 3R % A
HRBUGSELMHEMIRE I T B REREIGT
LB B B AR, RR R 2ZE MK, iR
ZEOY AR L R AR R 25 /0N T HL RS 45 A
AR oA AR 5], 0 F B2 4 10 A R
ZEWE KT T2 FB 43, X S A R 78 LR G 2 8
GRS N o 5 o B A s 2 2
T R AT A A B b R 22 F0 -
PIRZEM G R, NEER LF. k=1 B 15
FAR A 19 i SR ZY
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Tab.1 Errors of corner extraction for calibration pattern

(mm)
k BRI REOIP S
1 0.483 0.164
2 0.317 0.101
3 0.165 0. 057
4 0. 069 0.029

4.2 EXHRRR~TNEXE

TE BEAT 2 PR B AR I i, B e A S [ E
— AN B AR I P [ R IR | JEE B AN ] 1 ML 4
6 b 5 A 501 5 A9 RO 55 9140 B DL 58— 7 B
bR R B AL bR F& . S5 AR BLR A Basler piA640-
210gm .43 ¥k 640 pixel X 480 pixel, & 9(a)
F19 (b 43 3] S W He b 7 Al A AR 5 16T 9 (o) F 9 (D)
3 )2 R IO T b 25 4 Ol AR 5 TR — B
K AR i E B h A B 1B 9 Ceo o H bR &
1% . B B bR AR R B & b T T A A A
1B, S B IR S SR AR R 0.1 mm, 76
LG BRI SR R 4 K% B K ITE
4 R R AT AR SR L, P 9 CE) Sy 2Rl i £ 5 T %
Rl G LR AE R . AR 8B = 48 R

(a) fRi bR E M (h) A7 E H

(a) High calibration plane (b) Low calibration plane

(o) i b 2 - T 25 14 56
(c) Structured lights on

(d) fERARE - T 45 H

(d) Structured lights on low

high calibration plane calibration plane

(e) HIrEH

(e) Image of target (f) Projection of target on

CON3 7,8 STl i bE ¢4

high calibration plane
B9 ES S EAR

Fig. 9 Images in real measurement experiment

Wk 2 s NSRRI RS BE LU B BEAR, o K
I TR 22 F KL AR 2 T RO KRR 2 MRRI
W,

R2 BRRIMWVELER

Tab.2 Results of dimentional measurement for aluminum cuboid

(mm)
WH i E=a W
JERE 15.00 14. 90 0.10
KB 80. 00 79. 81 0.19
TiBE 50. 00 49. 96 0.04

4.3 LBREZA

W ARSI N TR A 7 2k 1 is 3 i
o, R B 7 BRI RS M, R 3 B
Basler acA1600-20gm AHALFY HEI i R 45,3 5 4H
BLAY L 4,4,8. 5 mm MBSk . FIH P H R ST
1 800 mm X 600 mm ., J& AN [f] (9 45 5 A 2E AT bR
SE S BB E AR AT 8 AT 6 FIRRAE 2. bR I
oA 7 2 b A B — B R RS AR A S T AR F
BRRETEH EREE A LIRR, ENEY
NS S DN BT <o i R Y 7 1 N E SR TR TN
AR [ (8 HE T A K s Al 5 A% X 5, U T A5
B bR R ML BEAS R AE 56 7 0 R AR B FR AR AL
0BT 3R BObR E B . A A U R 1,2
SHALEMR R FE BN 5 mm; 3 S AHALER 1
QFEIEN 2 mm, 3 WG ERUR A BN E A
Bl b 13.4 mX2.64 m, K 10(a),10(b),10(c)H
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Tab. 3 Results of on-line steel plate measurement (mm)

. e BRE W JE B
FEORE e R PR
1 806l.2 7.8 2000.5 2.5 19.5 0.5
2 8067.9 1.1 1999.2 1.2  20.0 0.0
3 8067.8 1.2 1998.9 0.9 20.0 0.0
4 8067.5 1.5 1999.5 1.5 19.4 0.6
5 8063.8 5.2 2000.4 2.4 18.7 1.3
6 8071.7 2.7 1994.2 3.8 19.0 1.0
7 8069.6 0.6 1994.3 3.7 19.6 0.4
8 8066.8 2.2 1994.9 3.1 19.0 1.0
9 8073.6 4.6 1993.5 4.5 19.3 0.7
10 8066.1 2.9 1995.0 3.0 19.4 0.6
11 8064.5 4.5 1995.7 2.3 19.2 0.8
12 8065.8 3.2 1996.9 1.1 19.3 0.7
13 8067.6 1.4 1997.4 0.6 19.9 0.1
14 8068.8 0.2 1995.9 2.1 18.9 1.1
15 8069.2 0.2 1996.7 1.3 19.1 0.9
16 8069.3 0.3 1997.9 0.1 19.0 1.0
17 8073.5 4.5 1996.4 1.6 19.1 0.9
18 8072.8 3.8 1995.9 2.1 19.4 0.6
19 8071.6 2.6 1995.1 2.9 18.7 1.3
20 8070.8 1.8 1994.4 3.6 19.4 0.6
PR 2.62 2.22 0.71
i KRR 2 7.8 4.5 1.3

3 MR IG PG B 10Cd) Sy 3 iR b o - T4 IR
PR S R (B h 40 T E &) .

TR A SC T I 1 I RS B L AE 2 (8] B BIL
e P — BB AE A 40 %t R 32 AR R B TR B Ry 20
mm, I B R GEE H 1 950 mm, KB R 8 050
mm. F I RO A 0 58 AT T 2
AR 19 SE BRI FERE R 1 998 mm, F K E
8 069 mm, LA SS RAE hy # AR R T i HE R R, 1%
(H 53T 8 R 1A R B R 22 B Y SR AR s — 2
BB 2 0 TR 1 B W O AR o 52 4 B A AR B 5
TR A A s G 5% 22 B U0 A AR I R S T
—ERE ., REMEAT L LB iz Wik Itk 17
20 WAL BRI 4, % 3 2 AT AR . R
3 AL, BT XROF- A7V 18 A LA Y (3 B I i
1 58 A BE S W A Ml X B AR HEAT FE LTt i A IR 1Y
KR EOKR

P10 AR I AR PR K = W05 R 14k i ) 9 AR 422 11 1%

Fig. 10  Original images of a steel plate and its integrated image from three projective images

RSO T HE T 0O AT - 1 A BILAE TR (14 49 A
RSP Tk o %07 A BERAGE T 5 I 4 T
AT REQRIEZ AL LA Br i B AT, [
BEHI DL BL 37 % 3 AR B LA/ . IR 2R GE AL
B RE B PN A 455 b - TR UG AR s A o i

s 2 LUT BRI IE OGO AL B AR E 45 2%
TEPIA 3 F T L A 07 B B . o o A AN A 2L
B E BAE AN B 8 — A bn 28 09471 T B9 PR A
S A O AR AE I W A A E T TR TR B3 AR
REMTAER/N, A LUT W ETERZ N
[f] , {H 25 i B 5K — o s 7 S I AR G2 s AT A AT
PASE JCHY o R I I AN 52 o 000 2 8 48 9 2 I k. )
FARE - 10 9 45052 AR R A AL 5 0 4 A HE T
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