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Linear calibration for on-machine measurement of laser probe pose
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Abstract; A calibration method suitable for a laser probe in on-machine laser scanning measurement
was proposed to eliminate the measuring errors from installation pose. A prototype system for the on-
machine laser scanning measurement was built and a model of the laser probe moved with a machine
tool was established. The center of a standard ball was fitted by scanning the ball surface with multi-
perspective, and a linear algorithm to solve the installation pose parameters of the laser probe was giv-
en to overcome the heavy computation and un-robustness of the existing nonlinear algorithms. The in-
fluence of the machine tool movement error on the measurement was also analyzed and an error model
was established and a compensation method for the machine tool error was proposed. The experimen-
tal results show when the standard ball with a known diameter was measured, its diameter error meas-
ured by the laser probe at different angles is less than 0. 05 mm, and the position error of the standard ball
center is reduced by 83% with the compensation method. The results illustrate the feasibility of the calibra-
tion method as well as the validity of the error model and the compensation method.

Key words: on-machine measurement; laser scanning measurement; probe calibration; linear calibra-

tion; error compensation

Wi B HA:2015-09-10; 81T HH#3:2015-12-22.
BEEUH :BEXARRFELS T H (No. 51575276) ; il 55 B4 55 4 % B3 H (No. 20131625, No. 20141652015)



682 b=

5 24 &

1 3 7

LSO 1 o A 00 AR 42 ik X0 42 05k L R
AT R PR TC A AN B AT I Sk SR AR A A AT
A, BERE AE Tl 2 0K B A T R R B i i
RO% I AT LKA B4R i il i A B Y . EBL
02 AT L2 K i A 3 e TR e ) R, 3 G AT LA
1R 2 M2 S 4 it B B A8 T 0 2 ) DY AE
AL 1) — o 2 229 SO — 4 I B O 6 Sk
B Je e B PR B9 3 Jil oK o 38 5 AL IR 3 3l i 2l
VOGN Sk et i O Z R B TR SR A5 A
VOGN Sk AT A A 00 e (R A ML PR 4% Bl 9 32 30 =
RO AR Z RO 5 TR RIS i i =
YEAL bR

PRGN Sk T8 o ML e LA 22 e AE HIL IR Y
iz Bl 3 Al b EI Sk i 22 2 07 22 AR AR B R
N T AT A R A R B U R R 2% SCRIR
(7 It R A7 SRR 0 88 AR 53] 8 T 1y e B
B, T~ 18] ' 00 Sk Ol o ol £ o i 2k il 5
e T FE R B [0 5% vt 19 D59k . SCHRC8 10 F 11 J7
T R 98] B A A R AT 0 Sk S A b L 14T AR
WERRPEAT I Sk 22 26 10 B b A2 A o 1o i LU B B
SCHRLO Mt A v BR A S A s AR o 308 3k 00 3k 73531
W X\Y L Z il S5 ERES A% 2, S BT I Sk 6 05 )
FRAE 5 JC ¥ B 8 OL I Sk i 22 e B, SOk
CLOJE XS = Ao it AL 22 2 5 SO I Sk L 2
T PHIO [RU A =00 Sk 22 2 0 5 ) b 2 7 15 - 2
ST ARZRAE bR eR B g5 T — R OF AT 41 A B
B KEER AR NS R, SCIRC 1S, 1 —Fh T
A A I A5 HIL IO I Sk 2 2 07 5 1R J A Y L o
SE ) R 2 35 Shy i 247 R A 2 P A0 Ak T R 3 et 37
PR B S R o o 2 R J0 24 SR e K A eR R
I SR A SO 9 3 AL Sk AT AR etk R S .

AR SCEE X B MUK S T AELEOLI &
(R A AR TR B T — ol 0 B e CROE I Sk 22 2 3 %8
SR LR M T7 1 A A e T AR eI AL
SRAE P B R R E M. %05 i3l g
2 A LR A2 Bl A e o A BIL IR A 200 Sk X A v BR
PEAT 22 B 31 40 00 5, AR 0 0 OB 40 A o BR
RO T[] B SRR A 11 00 Sk 22 2 B o B NS SR
W TTIE AL RE NS AT R 5 T Sk A7 2 1T HLAR R 1
RET] B, 5 T 4R Ak

2 AR S AR

A SC LA T 2Rl B HLIR A 481 e 3 A% S
92 10 00 e A TR R A R B, F T A IR 2 A T
HUR AT 2 RS SCO7 i S HEAR il . AN &l 1 TR L AL
PR — P oWUE Sk ALK . TAE & A X ALK i 1k . 3
S TR 1 2B e BLAG 44— 2 I B 2 38 S ) Sk 22 B 7
T b IR RIS FE AR BT el Sk
ST 18 S MR Z Sl £k 05 1a — 2, 00k (2
TN EAE Z M b, Bl T ROk 7E %
BE S 1) S 57 B AN RS B o a6 8K 25 7 A Al 0 A
T 2 2 B 15 2 e AN I SR R PRI O B — AT
FE I S 57 225 5 7

TS ST OGN Sk ) AR A Y 45 AR AR R
mE 1 s .

(1) HURE R A FR R Co s 2855 R B JE AT R
HUR 12 0 e % il A, C ks . X, Y, Z 3
4y 5 SR 3 A8 s F T 0 — B, HUR
FAE bR RN Z ALK IZ 30 19 52 i, g — A [ Ak
E

(2) URFERF AR Co: AR bR R 0
RUONTER 3 A, CIER M 28 o5, IFBE & B3 — &R
31,3 A Ae bRl 7 ) 5 LR R AR bR R 3 Bl )
—H0, MHUR B A LR 3 RS AR A R
PR R RE A,

(3) UK TR Lt R C . HEHLR A, C
Wik, ARFR R COBE AL CHI— RS, LR ERE
B A, CHF Mk 0O, BFR R C 584K C
HE.

BT Lo LG 7R

Fig. 1 Schematic diagram of mechanism for on-ma-

chine laser measurement



4

S L 55 AE AL OGN Sk A7 1 2 MR 2 683

WRIGHURIZ SRR LR E-F R85 R G 5
PURTE A AR R G Z A PR R R RAEHLR )
FEiad iRy T =0=[a™ v ] M
T, Q A HLIR AL BR 1 K5, il UM HLIR B e . Y
HLR =l e & 0 4 35 A 52 I LR 3= ol Je e A A
£ C GHLURER-FR AR R C R CHR,
ICHER A ALC IIEE A I3 510 0, A1 0c (04 0c J5 1]
2 A T AR AR A L U e 5 R

cos O —cos Oysin O sin Oxsin O-

Ry=RR,=|sin O  cos Oscos O  —sin Oxcos 9(} s
0 sin 0, cos Oa
(DO
K

cos O —sin O O 1 0 0

R=|sin@ cosO O|,Re=1|0 cosfy —sin GA}
0 0 1 0 sin Oy cos Oy

YOG Sk e e AE 3 3l A OGN Sk /YO0
PR P RTENUR ERER AL bR R C TAATE%R
Bl Fom N T,=[2, & =17 8otk
FR BB ZRMMAERN R, =01 m n]",
I3 2B Je bf J I S SRR e (. Yl — A ¢
B, o — 4R BB OB Sk 32 8G] S d, W) g ATE
HUR EHIIER AR R C, FIAARA

x, dl+ &,
vy | =dR,+T,= |dm+y, |, (2)
kA dn+ 2},

B q FEtE A A bR R T R A AR L v
2T R (DR (2) AT 15,
R
™ | = ReR A (AR, +T,) + T, (3
o
3 (3) I A 78 LSOOG I 5 i B 2 A A,
R..Rc LR IERE B A, C B9 Mt s, T
FHLR X.Y, Z 3 B, d ot Sk &,
X e 2 RS AT LA A I A AR SR AR AR T R
T, WJ2 5 Z e hn @ 45 S50

3 Ml kEEALEAAT
LS B I Sk 2 R f Ak L W 2 RS

FF AT 26 0 BT 20 B R AR Sk S50 L OGSk 062
TP IR T 78 XY, Z 3 07 1 B

LB MN.NP,O. M %75 .3 & BI 7
e H. WOLEHRTE ERES AR R C T I
FHEZE R .

P2 WL Sk 22 e g AL

Fig. 2 Simplication of installation model of laser probe
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Fig. 4 Calculation error of standard ball
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