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Parameter identification based on modified annealing
algorithm for articulated arm CMMs

GAO Guan-bin, WANG Wen, LIN Keng, CHEN Zi-chen
(Institute of Advanced Manu facture Engineering » Zhejiang University , Hangzhou 310027, China)

Abstract: Errors of structural parameters are one of the main factors causing uncertainty of Articula-
ted Arm Coordinate Measuring Machines (AACMM) , however, the accuracy of AACMMs can be im-
proved efficiently by identifying structural parameters accurately. In this paper, the homogeneous
transformation equations of 6-DOF AACMMs were established based on Denavit-Hartenberg model
and a method to identify structural parameters with a cone-shape hole was analyzed. Then,a Modified
Simulated Annealing Algorithm (MSAA) was presented to identify the structural parameters of the
AACMMs. The MSAA can keep the best solution during search and can reduce the search range when
the solution approaches to the global minimum, which improves the search efficiency and accuracy.
The definition of single-point repeatability was deduced, and the structural parameters of AACMMs
were identified by using single-point repeatability as the objective function based on the MSAA. A 6-
DOF AACMM was used to carry out experimental tests to evaluate the efficiency of the presented

method, the single-point results show that after identification, the repeatability and length measure-
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ment accuracy of the AACMM are improved by 7. 87 and 5. 59 times respectively.

Key words: Articulated Arm Coordinate Measuring Machine (AACMM) ; structural parameter identi-

fication; calibration; Simulated Annealing Algorithm (SAA)
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Fig. 1 Mechanical structure of AACMM
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Tab.1 Nominal structural parameters of AACMM
FAy d;/mm a;/mm a; /() G0 / (*)
1 401 42 —90 0
2 0 42 —90 0
3 326 37 —90 0
4 0 37 —90 0
5 326 37 —90 0
6 0 37 —90 0

sk l[,=0mm [,=0 mm /.=213 mm

3 P RIFEE A IFREK

3.1 PHARE

XEF 7N B A SR AR AR I AL
73 6] A PR B A i BRE E A AT A TS A ) O
fi) AT I 17 EL TG T8 MOWRAS 5 1] 46000 000 4532 a5
F14 Al B AEL AR IO 32 2 A (] 194+ EL ey 3 000 BIL 52 o
F 2 0 5 A b A R 0 o BT P Y BRI B R AL A7
TEA 22+ PR - B3 I A5 19 [] — i B AR AR 5 A ¢
S RH TR S B AT A AR b 22 8] Y 22 5 R/ 2 I
BUEE SN B2 4 R B B8 2 SO 52 B 2 M0 Ml 22 B
R I BIL Y B ARG L B 2%

T SR AR AR I R LAY X — 5 5 AR
Bt T — R R R R T R [ 4 LA
S HR O s B 7 B R R AN AR o 38 T AN W7 RO A5 KT
(5% Fi1  BAT— RIS e A Bt R SR B MR
UntEl 3 P o BEALEE A R T I I AL AR R AR i
SR B ] A — K 0 A s L 3 0 Sk
A 2L AR E AT A B0 ALY B RO . AL
DA F SRR 5 O H s b 80 48t — o i g A6
LR B30 00 LA 254 2 B R AT RN

P 3 AT AL R AT R R 4R

Fig. 3 Data acquisition with cone shaped hole
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Tab. 2 Identified structural parameters of AACMM
*% d:(mm) a; (mm) ai (%) Ooi ()

1 401 43.009 96 —89. 505 66 0

2 0.023 13 41.984 57 —90.889 44 0.627 15
3 327.192 84 37.972 62 —89.855 53 0.078 38
4 1.045 93 35.690 36 —90.859 71 —1.035 45
5 326.29919  38.118 38 —90.721 79 1.305 07
6 0.192 48 36.398 80 —90.570 96 0.042 23

sk 1,=-0.169 45 mm /,=0.013 59 mm /.=211,783 mm
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