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Monocular camera fast calibration method for laser
cutting vision system

YANG Yu-jun,CHEN Xun-lin, XU Zheng-bo
(School of Electromechanic Engineering, Guangdong University of Technology , Guangzhou 510006 , China)

Abstract; As the existing Zhang Zhengyou general dot calibration algorithm has a large amount of calculation and the
unstable results in the current visual cutting industry with laser cutting machine,a self-calibration algorithm based on
nine-dotted camera is proposed. The homography matrix between the image and the template defined on the X-Y plane
of the world coordinate system is calculated. The homography matrix is used to linearly solve the internal parameters of
the camera,and then the distortion coefficient is solved considering the nonlinear distortion factor. Finally,eight affine
projection matrices are obtained in the corrected template ,and the mean value is taken as the final projection matrix to
solve the world coordinates. The experimental results show that the algorithm is faster and more stable than the existing
dot-based camera self-calibration algorithm.
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Fig. 1 Pinhole camera model

TERIMR L LEMBIRR (Ouw), (uw) FoR
PMBE 0 B R AR AR R AR AR, (v y) FoR B

mm iy BT R AR R B A8 AR , 1E XY A FR AR,
JEURL O, 78 SCAESR AL 55 PG T 18T A9 52 i,
— AT R AP AEUR T U AR 2R O T
AR A7 O, TE ww AFR R ARER (ug,0,) ,
—MEEAE XG5 Y 37 R B ERGE da dy
M EBAE E— DRI AR R T AR A AT

KR
1/d 0 u
u =x/d, +u, “ ! o
{ =|v|= 0 1/d, v, | y|(1)
v =y/d, +u, ’
) 0 0 1M1

BURHLAL bR AR5 T FARBR R Z 8] (95 2 AT L
JRHEHRE R 5P RS )i ¢ RAMIA -

XC XW
Y. _ (R t) Y, (2)
Z, o" 1|z,
1 1

e () A (2) w] RIS BGER AL s A5 1 A
AL BRI S RN

Xy Xy
u ﬁ 0 Uy
0 Yy Yy
Zlwl=|0 f ( ) = MM,
: o" 1|z, Z,

1 0 0 1

1

(3)

Hrp, f, = f7d, f, = f/d, of AP EEEE s R Mliést
FEFE 50 PR i s M, R HLNSEOE G, M M, BRI
PG AR 22 5 B AR R 28 22 18] F B R R o
2.2 wmRAEA AT
A ) W A 2 P G2 AR SRR B 3 TSI AR 1 A2 )
R S PSR A W N RGN [ A -2 B
o Sr MBS BRI BRI R L, A% [ A2 PR R 3R
IR
{xu =x + kx(x” +97) @)
Ve =y +hy(x +y7)
Hrpr, x,y, RET USRS I BRAR AR AR 2,y S 5L FR
TOLT B BRI BEARDR s k) 5 b, 2 AR m iR A2 24
iy o Wi 72 2 45 D' O A IS5 T ) i B, 2 1l T
FHPLAY L2, 6 5 U5 A BE 58 42 3 B i
JHT o i U S ) B ek s R o
{xu =x+p, (3% +9°) +2p,xy

(5)
¥. =y +p, (357 +97) +2pxy



882 5 RS AN

548 %

Hop, x,,y, REFUBRNT W BRAR AR AR s o,y J2& SEBR
THOUT BRI R spy 5 py 2O I ESHL
3 WEZE
3.1 HEAEBHE

B B ARBR R 0y Xy, Yy P il EFTH 3 3
MR LA, AR 2 iR o il e B e A AR AR R
THYARR o HETIFHO AL SE BB (Open CV)
HY findCirclesGrid pRELHEH L G LA A iy
SRR TR DA Ry SV RS M AT S e DIt
RINRZE N TR B E AR LR e 45 1, 7 224
HOWAG 2K B f S A e DU RS s
FISEE N L A5 R AR 2R i A A R R AR AR
AR SR GBI 30, BOERGEE N 0. 1,
SRJG LA UG T SR A b R AR B R ELG Ae b 2R A sk
fiff 14 AL P A B HLR MR R L RGN 2 5 AR
RE S BARHLN S HGERE RIS 2RO R
REIE WL R it R B XY Ap bR B 280
6T FH RUR A 47 1 125 T BRI SR A TR AT IR ) RIS o I
JETERT IE T 00 B bR N Ak A S s o
(B A 7 53455 6 [ 4l i AACG L, ACATLAICG,
AGAT WA= FIE45 B 1 =4~ T i R A b 5 1
G A R 2Z [ (4 77 S 505 I, PN A5 S5 45 5 LR
9 & AEBD ,AEBF ,AEFH ,AEDH 44> = 4 4%

AR IO\ AN [ ) S (ELAR D fre A 3R
W CEALSEE AR G ) SR AT TR 1) E AR A AR B St 5
AR AT AR o

A B C
L [ [ ]
D E F
L ] ®
G H I
® [ @

K2 3 x3 LA

Fig. 2 3 x3 array form 9 o’clock

3.2 HEntH
K3 MR

BEGIN

[ oxsmmmnam )

/\
[ nwmmmae ) [ raEgss
\/
[ wmtwee
v
[ awsmmnnzswzsy )
v
[ wmmex vemamgsy
v
[ wamaseewsmg )

v

[ vmmweremsnes |

END

CENE SR RS
Fig. 3 Flow chart of algorithm

3.3 HEEMt A

AHXS T 5K TE A ) — M B b i B, LR R Y
B SRR E A LU WA

O P B R aE a5 R SR e B M I, L4
EINASE -

QRFFAHHLIN S 5 AR SR 3 T AR NG
AR RIHATOOAL R T 45 R Rk

QBREBRUAAE BT R m A, 1  H% IR T

@K A 9 A N7 S48 52 40 B R 4L, T IR 33
PRAR 5 A SR A T S A AR, BEDRAIE 1 3R, SUARTIE
TR
4 EHEWKKIE

YR R B R R AR SCRABOG YR AL AN
FERE B SCECR AR BIL 15 A2 S 36 - 5 R AT 2 5 [R5 52
5o W& 4 Frs, N Oy O YT EIAL, 7RSO D
BLIAIE b 07 2% 09 J2 B3 SO RO AR AL, AH L I L5
fERE 1300 d .

ST [ A5 SR AT #EAT, LIRS PR A i
I TE AT A — BB AR 15 23 3| A T S 36 0 o4
AL, S SR R bR LAY B AR DL K
AR R RGOSR I R4 R



Wt 5 40 4 No.7 2018 WA WOLYIHIILE R G0 H B PE b o T vk 883

£ 1 UE AR — & E m AT oy L 5 R
Tab. 1 Experimental results of nine-dot calibration

and general dot calibration

JUB sibRE Tk — B iR T
| R T T »
(X,Y) USRI PR TR AR (i 25 182
(x,y) /mm (2,y) /mm
A | (200,100) |(200.09,100.26)| 0.28 | (200.78,99.62) | 0.87
B | (360,100) | (360.26,99.72) | 0.38 | (359.41,99.70) | 0.66
C | (280,180) |(279.88,180.08) | 0.14 |(280.17,179.79)| 0.27
D | (200,260) |(200.27,259.49)| 0.58 |(200.13,260.50)| 0.52
E (360,260) |(359.87,260.20) | 0.23 |(359.90,260.21)| 0.23
4 BOLYIEIPLAERE SR B AP SL 5 SR B 25/ mm 0.32 0.51
Fig. 4 Laser cutting machine and canon single-reverse b BT s R) /s 32.01 53.10
digital camera experimental platform .
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Fig. 5 Actually used to calibrate the camera s dot diagram
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