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Calibration method of PCMA by using niching
chaos optimization algorithm
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Abstract: A portable coordinate measuring arm (PCMA) was a piece of portable coordinate measuring
equipment that employs a series of rotating joints. In order to improve the measuring accuracy and re-
peatability of a PCMA, it was essential to calibrate its kinematic parameters. First, a new kinematic
calibration approach for PCMAs by using a niching chaos optimization algorithm (NCOA) was pro-
posed. A hybrid objective function for kinematic calibration was proposed that reflects the various per-
formance tests, including the single-point articulation performance test and volumetric performance
test. Then a Levenberg-Marquardt (L.-M) algorithm and an NCOA are employed for calibrating the
kinematic parameters. The NCOA exhibits a competitive calibration performance compared to the L-M
algorithm. Experimental results show that the standard deviation of the measurement after NCOA cal-
ibration is always better than that of the .-M algorithm, and the measurement precision after calibra-
tion is improved by 40 times. An [-M algorithm and a NCOA are employed for calibrating the kine-
matic parameters of a PCMA. The NCOA shows better performance than the 1.-M algorithm.
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Tab. 4 Identified error parameters obtained using LMA
No 86:/C°) &d;/mm 0a;/(°)  Sa;/mm B/ ()
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Tab.5 Identified error parameters obtained using NCOA
No 86,/C) o&d;/mm  8a/(°)  da;/mm  8B:/(°)
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2 0.0707 - —0.2059 —0.4514 0.667 9
3 0.6189 - —0.3798 0.5518 —0.1710
4 0.6495 0.3233 0.7696 X -
5 —0.1382 0.026 4 - 0.467 2 -
x6 REFRERINERENEBNEBENLLLE

(BRKRFE )

Tab. 6 Comparison of Single Point Precision and Distance

Precision after Calibration( 8.y ) (mm)

B A4 PR RS BRI T ) A
1012 0.138 8 0.130 7 0.147 4
BRAT-- 0.1390 0.120 5 0.143 9
NCOA ¥ 0.139 1 0.117 8 0.126 3
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Tab.7 Maximum of deviation (0,.x) before calibration and

after calibration (mm)
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Tab. 8 Two times the root-mean-square deviation (2RMS)

of before and after calibration
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R 8.8476  0.1422  0.145 1

BRE 5.9889  0.2058  0.1529
T HEBUR _
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[6] 2.2632 0.1343  0.1209
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