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Parameter calibration for articulated arm measuring machine based on

hybrid optimization algorithm

ZHANG Jiayan , XU Zhishun , WANG Sheng s FENG Xugang
(School of Electrical and Information Engineering, Anhui University of Technology, Maanshan,
Anhui 243032,P. R. China)

Abstract: In order to further improve the measurement accuracy of high mobility precision measuring
equipment such as articulated arm CMM, the D-H matrix method the mathematical model of joint
coordinate transformation and the parameter error model is derived accordingly.the problem of nonlinear
multiparameter calibration, the redundant parameters in the matrix are eliminated by transformation
analysis, the complexity of calculation. criteria for judgment and the mixture of least square method and
simulated annealing algorithmA new method of parameter calibration based on hybrid optimization
algorithm is proposed, which solves the problem of initial value setting of LM algorithm and search
efficiency decreasing of SA algorithm.The experimental results show that the error range of the parameters
of the articulated arm measuring machine is significantly reduced after the parameters are calibrated by the

hybrid optimization algorithmhe average value of single point repeatability error is reduced by 1.746 mm,
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and the average value of length error is reduced by 0.941 mm. The measurement error is further
suppressed.
Keywords: Articulated arm coordinate measuring machine; simulated annealing algorithm; least squares

method; parameter calibration

R AR AR I A HLJE — PP AR R LU0 2P D i R G2 L R AR R BN T3 X AN (8 A% Bl 19 52 s B
AT TLAR] ST i PR g DR T SR P L R PR R SR Tl A 7R S R AR R AR ) T B R
HT T AR I X AT AL D AL 0 138 2 s e R AROIF IO, [R) I AILBROIN A B R T 15 2 L B 40 M R B TR R
SEHR X A T AT 0 JLAn) S 8500 W% ) 5 % e 1 1 52 S AR B D S AL L, o A D RS R A AR AR B OR 25 R
I e AL P 1 2 S TR ) 43 AT B S B T e T e I R 2 A A R R L

H BT A AR 2 A28 510 5G9 8 20 AR A I S HL 2 80hn € T bl 1 2 07 b 9E . — 28 15 B B i
K (R0 SR O BRER AN = AR AR I AL A A A i ke e ke L AN Acero AFNWFSE TR
IRERANAE N 2 H AR AE AACMM S 8005 & T T AT H X 288 5 92 3 i AR 85 B, R 48 52 4%« B[] 50 38 A1
HAEZ A ZRiR 2D, i) — 2000 Bk AT S 80, — WO R/ vk RV B SO0k, s
Santolaria 25 {di F —Z4E 3R FVE AR EAE , R Levenberg-Marquarat ¥ (/N Z 3R B2) %F Faro By 563 K AL R
W EEALEAT T #7522 ; Seyedhosseini 457 i F B 9 A5 4DLIR B30 3 % I 2t R 428 ) 2 S 8000 s o (2R AT T HF IR
{H R FH AR 28 B 6 S HGHAT BRI, 8 FH A AR 2 5300 0 A /s - 3fe vk A SR ik o R vh A AR 0 B 1 R AR W AT B
TCIEW S BB 2 W 5 5 7 A B R 058 22 A ) L, i 3P B30k 1 Jm B 48 R BB D A 22 LR 5 B R S
/ML

B X 2 7 Al B N i AL Y 2 BOb ) R, 2 5 4 T — FIR A O 1 B8 X DN WL 45 # S B AT PR
S e/ R SR MR Y Jacobian B MR HEAT AR 45 15 BRI v U AR 2 80 il 15 ) E HE D) T S R HULR ok
LM BN IR BIR A A5 B W A R Ak RE N = 2R R AR AL R 0 AT S 8 0bR 8 L B vE I AL Y I
KSR

1 XTEXLRNENRE

TR LA bR I LR N TR 0975 B i AR IR A8 A b I s ML p AL AR | 5 T R I Sk 3 o i o6 T HR
B FEA ) G5 S50 UE N3 1 s, Hegs i an el 1 s,
XKA43

WEE

1 XPBEXLTENENEMTEE

Fig. 1 Configuration of articulated arm coordinate measuring machine
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Table 1 Nominal values of structural parameters

KATFS 0./ Bi/ (" a;/mm d;/mm B./mm
1 0 —90 50 375 0
2 0 90 —55 0 0
3 0 —90 35 250 100
4 0 90 —35 0
5 0 —90 35 270
6 0 90 —35 0
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Fig. 2 Coordinate transformation diagram by D-H model
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Fig. 3 Coordinate system diagram of AACMM based on the D-H model
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Fig. 4 Flow chart of the hybrid algorithm
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Table 2 Errors of structural parameters based on hybrid algorithm calibration

XTHFS NG /() AB: /() Aa;/mm Ad; /mm AB;/mm
1 0.131 0.124 0.061 0.186
2 0.446 0.065 —1.106 —0.416 —
3 —0.735 —0.021 0.121 0.041 0.094
4 0.126 —0.057 —0.673 —0.038
5 —0.513 0.034 —0.076 —0.124
6 — — 0.306 0.177
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Fig. 6 Single point repeatability error based on different structural parameters
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Fig 7 Length error based on different structural parameters
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