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Abstract: An adaptive error calibration method was proposed to complete parameter calibration and er-
ror compensation to realize the high accuracy test for a 1P3R flexible measuring arm. Firstly, a kine-
matic model of 1P3R flexible measuring arm was built based on RPY theory and a differential method
was used to deduce the error model of system. Then, the real number encoding was performed based
on the theory of Markova chain convergence. Adaptive control factors were added to Genetic Algo-
rithm(GA) to improve population diversity and the quantity of the best individual. Finally, the cali-
bration accuracy and convergence performance of a normalized GA, a general GA and least square
method were compared and analyzed and the results were used to verify the feasibility and effective-
ness of the proposed method. It shows that the accuracy of the normalized GA has been enhanced from
3.1 pm to 5. 2 pm just after 328 generation searching, and its convergence velocity is 2. 3 times that of
the general GA. Moreover, the convergence of least square method is stopped after 20 generations and
its calibration accuracy is only 18.4 pm. Experiments indicate that normalized GA is characterized by

some advantages of fast convergence speed, high calibration accuracy and better stability. It is suitable
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for measuring these kinds of flexible measuring arms in high accuracy.

Key words: flexible measuring arm; RPY theory; normalized Genetic Algorithm(GA); error calibra-

tion
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Fig.1 Flexible measuring arm
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Tab.1 Structure parameters of system

e o) B/ ¥/ d./mm d,/mm d./mm

0 0 0 0 0 0 do
1 0 0 0 350 0 0

2 0 0 /2 0 0 50
3 0y 0 —n/2 0 0 250
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Tab. 2 Calibration accuracy of three algorithms (mm)
AR B /N ek AR EL — B GA Bk AR H—1k GA B
1 8.500 0 1 3.500 0 1 3.200 0
10 0.650 0 10 1.610 0 10 0.900 0
20 0.018 4 20 0.920 0 20 0.750 0
50 0.018 4 300 0.380 0 300 0.012 0
1 000 0.018 4 768 0.008 3 328 0.005 2
R3I =MHEEREREER
Tab. 3 Error calibration result of three algorithms
AT i=0 Aay /() Aﬁo/(o) AY /(D) Ad,oo/mm Adwo/mm Ad.o/mm
BN Sk 0. 081 0. 051 0.062 0.019 0.032 0.012
— % GA B 0. 032 0.031 0.043 0.016 0.028 0.017
IH—14k GA & 0.023 0.027 0.037 0.013 0.026 0.014
XA i=1 Aa /(%) AR/ () Ay /(%) Ad.o/mm Adyo/mm Ad,o/mm
BN Sk 0.096 —0.081 0.092 —0.038 0.062 —0.052
— B GA &k 0. 064 —0.039 0.058 —0.036 0.053 —0.056
73—1k GA B 0. 066 —0. 034 0.051 —0.041 0.058 —0.054
3\%4‘6 =2 Aaz/(o) A‘Bz/(c) A'}’z/(o) Adl-zo/mm Adyzo/mm Adzzo/mm
/N TRk 0.076 —0.061 —0.072 —0.028 0.032 0.022
— i GA & 0.044 —0.019 —0.038 —0.026 0.043 0.026
H—1k GA Bk 0. 046 —0.023 —0.031 —0.021 0.038 0.024
FH =3 Aoy /() AR /() Avs /() Ad.so/mm Adyso/mm Adso/mm
/N 3L —0.016 0.011 0.012 0.017 —0.015 0.003
— ik GA & —0.014 0.015 0.018 0.016 —0.013 0.008
H—1k GA Bk —0.015 0.013 0.017 0.014 —0.018 0. 005
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Tab. 4 Correction accuracy

brE i DHEAE/pm RPY M/ pm  #ECKEL
e/ TRk 85 18. 4 1000
—ff GA 23 8.3 768
H—14k GA 16 5.2 328
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