% 46 5% 3 AR NEEE & o 5 2017 % 3 A
Vol.46 No.3 Infrared and Laser Engineering Mar. 2017

MIPOCTHENZEQNRFEHXFEFEIRE

oMy, F L, LARE
(REBFFRF FEAFHAER, T K& 116026)

i E. ATHU TP ENEN e KRR, FAHAE MR SR T XS
B BT A TR E-F@RARAF T RSB AR ik E R E S AR e
WAREREANLE &, EXEMAER BN CE ABAI B R H-Fafetr, A F3LFE L2
LAARE B0 = 4 AR AR, B A R RO R AR A R\ oy AR B A AR Fe A 5 B8 AT SR IRGE T %
Tk RO, R R A AR SR ﬁmﬂm%mﬁwﬁm,Lé\/mnw#%&é’mi}mm
KEiR: TP ELRN; KREMEF@ARL; = EEAEE; WFRE

FE 4K S TP212; TP242 XEkFRERS: A DOI: 10.3783/IRLA201746.0317002

Calibration of light plane in on—machine 3D inspecting system for

workpiece of machining center

Li Peng, Chong Wenyan, Ma Yongjun
(School of Information Science and Technology, Dalian Maritime University, Dalian 116026, China)

Abstract: In order to meet the real —time demand in on-machine inspection of machining center and
calibrate the parameters of line structured—light plane with high efficiency, low—cost and high precision, a
calibration method of light plane was proposed based on the planar target with concentric circles. Through
moving freely the planar target at several arbitrary positions in the field of the camera’s view, 3D
coordinates of points on the line structured —light plane could be calculated by the calibration method
integrated with the model of perspective—three—points (P3P) and the principle of cross—ratio invariance,
then the equation of the line structured—light plane was fitted by least square method(LSM). Experiments
showed the method’s validity and feasibility by the analysis of calibration and inspection accuracy. It
concludes that the method is suitable for the machining and inspecting field calibration with advantages in
its simple algorithm and the flexible calibration process.
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Fig.1 3D sketch map of on—machine non—contact inspection
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Fig.2 Mathematical model of line structured light sensor

Bk PR EEMOES TR A sg th 26 1 i —

A, B AR AR 4 T A YR A AR R S R HLAR b
RZIE W FFREFEA RN

Z.p=KI[I 0]P, @8}

L. P=(X, Y., Z,1)" Rz 8] 5 P AESRAG AL AL b7 2R

0317002-2



ok AR

%38

www.irla.cn

% 46 %

THYFFRAER 5 p=(u,v,1)" HBR AR FFUALRR ;T h 3x3
BALIREIE K BRI N S EOERE , R .
a S u,
K=10 B v,
001
Ao Ml BHIH u v il EayT—ILEENE, S HiR
G AR PR 5 o FI v SR AGOT TR HCs s AR AR
WOLF HAES SRR R T AT RE N
aX +bY . +cZ+d=0 (2)
WERAEBALN S EOERE K AOGF- iy B e A,
RIE AR AH(2), OGRS HEE— R
BALKR p, RIATAE—Rf G- P TR SRBLAR
PRE T =45

2 EFETRERE

TEARE LR A5 T 5 B SR il e 258
AERHILN S BOE bR e, W 2% ik IE AR Y
T T A AR B AR S HR T, %07 1 LA R RS
JEE | e R AR AR S DI AR T AR R N TR Y
TEZ— o AT BN RGBS EW

B I7
e 1 S 50bR e TR HL AN ] 3 frs , BRTRC (5] 4
*/iJ: 3 /I\IEI)D[EIE/(JIEI‘D}\J—?\ :Al\BhCl,E)\J—iEﬁ/—\HﬁEQE

RN Ly, WOCKLS L 385N Py, kR IRk
(9P &5 A, B, . C, P, fE CCD 14 °F1i I 43 9 i 1% T
ai by oo py, PUEEE I EZRIR N 1, B EMR A HLE,
AR B IE]Co 15 UG A [0 AR A, L 1) PR AR Al s oAy
(u, v), (i=ay by e\ py), HIEP S AS HAH R S AR
BHLAEFR R T IR R (xi, yi ), (i=ay by er o py) , H
Hf ROt 0.5 CCD AT 1 A BE 25 (B - 3R R L%
BN

Semiconductor laser Light plane

P 3 OG- T2 Hiobr o 5t

Fig.3 Calibration principle of light plane parameters
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Fig.5 On—machine 3D inspecting system of machining center
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Fig.6 Calibration for camera intrinsic parameters
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Fig.8 Calibration for light plane parameters
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Fig.9 Image processing of concentric circle and laser stripe
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Fig.10 Image coordinates of intersection points on light plane
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Fig.12 Physical figure of serrated standard part
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Fig.13 Point cloud data of serrate standard part

0317002-5



ok AR

%38

www.irla.cn

% 46 %

P dE A7 e AL BE SR BOPR e A LKt , I 70 il AR s
VAR B AR Db L L, AR 14 B R
FHAR L B] F B B, O 5 B G B (A2 | 15 20 M)
A 2R 22 Kdme R /AN R iR 22 45 0, Ik 2
PR

10
5
g
£
N 0
-5 40
40 20 X/mm
20 50
Y/mm

14 5 TR0 A8 4
Fig.14 Ridge extracting of serrate standard part
R2 BEEENNEIRE

Tab.2 Measuring error of distance between ridges
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