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An evaluation method for optimal measurement region of coordinate measuring
machines based on improved particle swarm optimization algorithm
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( Beijing Engineering Research Center of Precision Measurement Technology and Instruments, Faculty

of Materials and Manufacturing , Beijing University of Technology, Beijing 100124, China)

Abstract: An improved particle swarm optimization-simulated annealing algorithm (TPSO-SAA) is proposed to enhance the measurement
accuracy of the coordinate measuring machine (CMM) by identifying the optimal measurement area for the measured object. First, the
distribution pattern of volumetric errors within the CMM measurement space is analyzed. Individual geometric error models are fitted
using the least squares method, and an optimization model for the point errors in the CMM space is established. The proposed IPSO-SAA
method, which combines adaptive weighting, adaptive disturbance force and simulated annealing algorithm, outperforms conventional
particle swarm optimization (PSO) and adaptive particle swarm optimization ( APSO) algorithms. Comparative experiments show that
IPSO-SAA is superior to PSO and APSO algorithms in terms of the best, worst, mean, and standard deviation values. Additionally, the
optimization speed is increased by 45. 1% and 29.2% , respectively. The results obtained from the IPSO-SAA algorithm identification
indicate that, for a planning optimization space of 30 mmx30 mmX30 mm, the optimal measurement area in the CMM identified by the
IPSO-SAA algorithm is 206 mm < X < 236 mm, 350 mm < Y < 380 mm, and —262 mm < Z < -232 mm. Comparative
experiments using a high-precision standard ball, with a diameter of 15. 874 7 mm and a sphericity of 50 nm, demonstrate that when
placed within the optimal measurement area in the CMM, the minimum diameter measurement error of the standard ball is 1. 7 wm,
validating the correctness of the proposed method. The method presented in this study is general and can be used to determine the
optimal measurement area of CMM for other measured objects.
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Fig. 1  Error distribution of measurement points with specified step in the established measurement space
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. FAIHET O REERON, mokasft, BUERGEER BERGE - S REAT  ORRE  RSRLE
1 =c N wEM KMie,. Mo, limit_V X T, W lamda
PSO 2.05 100 50 0.9 3 3 — — —
APSO 2.05 100 50 0.9 3 3 0.73 — —
IPSO-SAA 2.05 100 50 0.9 3 3 0.73 100 0.5
Sphere PREY , Griewank PREUFN Rastrigm PRELER XX f(w)=0,

.
1) Sphere PREUFHT .

filw) =3 ul, HeA=100 < u,< 100, H4 R fL A
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PSO . APSO £ IPSO-SAA 5572 X6 032X ok % At 0 38 2%

Fu) = Z w ﬁms(ui) 1, HA1-600 < u < RXFH AN 3 FR ., U\%iﬂl?ﬂb‘lﬁtﬂ,IPSO‘-SAA Bk
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Table 3 Comparison of test results of PSO,APSO and IPSO-SAA algorithms on test functions

HRZS &) ) . AL E AL E iB17 50 IR 1847 50 1K
T ik SR/ 0 A/ 2z
PSO 0 1.18 9.80x107° 0.01
Si(u) (0,0,---,0) 0 APSO 0 1. 14 9.46x107° 0.01
IPSO-SAA 0 0. 88 7.21x107? 0.01
PSO 0 4.21 0.37 0.32
Sr(u) (0,0,---,0) 0 APSO 0 2.18 0.34 0.28
IPSO-SAA 0 1.05 0.31 0.23
PSO 1.77x107° 0.98 0.07 0.04
f3(u) (0,0,---,0) 0 APSO 4.12x107° 0. 81 0. 04 0.02
IPSO-SAA 7.57x107° 0.70 0.03 0.02
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Fig.2 CMM optimal measurement area validation platform
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Table 4 Comparison of test results of PSO ,APSO and
IPSO-SAA algorithms on the objective function
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Table 5 Maximum volume error of partial planned
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Table 6 Deviation values of partial optimization space measurement results
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Fig.3  Comparison of error values of measurement points in some areas
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