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Forward Kinematics Optimization of 3 — RPS Parallel Manipulator
Based on Global-best Artificial Bee Colony Algorithm

MAO Bingyan XIE Zhijiang WU Xiaoyong YUAN Yuejun
( State Key Laboratory of Mechanical Transmission, Chongqing University, Chongging 400044 , China)

Abstract: A fast numerical algorithm for the forward kinematics optimization of 3 — RPS parallel
manipulator was presented. Through numerical optimization methods, the problem of forward kinematics
of parallel robot was inverted to minimization problem. According to the optimization of forward
kinematics for 3 — RPS parallel manipulator, the forward kinematic functions, which were the multi-
objective nonlinear equations with constraint, were built based on numerical method. The fitness function
was established to achieve the optimization of single objective, and the minimum optimization was solved
based on the global-best artificial bee colony algorithm. The information carried by employed bees was
exchanged among the neighboring bees. The position information was exchanged randomly and the
neighborhood bees were chosen randomly as the standard artificial bee colony algorithm. In addition, for
the global-best artificial bee colony algorithm, the global best bee which carried the best position
information would guide all bees to move to the better position, and convergence fast to the best position.
As the simulation result of 3 — RPS forward numerical kinematics showed, compared with continuous ant
colony algorithm and standard artificial bee colony algorithm, the global-best artificial bee colony
algorithm was an effective way, which with high precision and high speed, to solve forward kinematics of
parallel manipulators.

Key words: parallel manipulator; artificial bee colony algorithm; forward kinematics
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Fig. 1  Structure sketch of 3 — RPS parallel manipulator
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Tab.2 Results of actual value and calculated value for each algorithm

o a/(°) B/(°) z,/mm
HiRf s s HERf s i xR % HsfE ks Y R 2
ACO 9 8.85983 1.40165x10"" 13 13.0018 1.84503 x10°? 622 621.999  5.38574x10°*
ABC 9 9.00000 4.40234 x10 " 13 13.0000 7.75024 x 10 =" 622 622.000 5.12727 x10~"°
GABC 9 9.000 00 1.07034 x10 ' 13 13.0000 6.027 00 x10 " 622 622.000 7.27595 %10 "
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Fig.2 Fitness error curves of each algorithm
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Tab.3 Comparison of fitness error for each algorithm

(A7 RRELIEN P e 2 i [A] /ms
ACO 5.69082 x107%  4.36393 x10? 250. 567
ABC 5.41289 x10°"7 2.68715x10°"7  362.400
GABC 4.10317 x10°"7 2.11369 x10°"7  361.333
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Tab.4 Results of actual value and calculated value met precision requirement for each algorithm

oo a/(°) B/(°) z,/mm
Eon: - N N _ ; N - ; N
H bR B HHEAE 2 %] R 2% H b fEL R 4 %] % 2% H AR HEE 4 %] 1% 7%
ACO 9 8.85983 1.40165x10 " 13 13.0018 1.84503 x10°? 622 621.999 5.38575x10°*
ABC 9 9.00033 3.39943 x10~* 13 12.9994  5.18093 x10~* 622 622.000 1.60948 x10~*
GABC 9 9.00012 1.26283 x10°* 13 13.0000 3.14427 x10°° 622 622.000 2.23827 x10°*
x5 BIEZBEERENATRELR 10°
Tab.5 Comparison of fitness error met precision 10* ==—=ACO
. . ———ABC
requirement for each algorithm ——CABC

Bk T ME bR 22 i 8] /ms
ACO 5.690 82 x 10 3 4.36393 x10°? 250. 567
ABC 5.728 84 x 10 ~° 3.024 45 x10 69. 800
GABC 5.73793 x10°° 3.35311 x10°° 38. 300
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Tab.6 Results of calculated value of GABC in different situations

e ZH HYE RN 2 %o 1% 2% 3 N R 22 i} i) /ms
a/(°) 9 9.000 12 1.26283 x10 ~*

1 B/(°) 13 13.000 0 3.14427 x 10 °° 5.73793 x 10 ~° 38.3000
z,/mm 622 622. 000 2.23826 x10 4
a/(°) -17 -16.999 7 2.55598 x 10 °*

2 B/(°) 8 8.000 17 1.68791 x 10 ~* 5.83262x10°° 37.900 0
z,/mm 436 436. 000 2.77078 x 10 ~*
a/(°) 4 4.000 14 1.408 96 x 10 ~*

3 B/(°) 7 -7.000 13 1.31228 x10~* 4.95234 x10 33.8333
z,/mm 509 509. 000 1.64332 x10°*
a/(°) -13 -13.0000 1.376 17 x 10 ~*

4 B/(°) -19 -18.9999 2.95497 x10 * 4.760 15 x 10 7° 36.766 7
z,/mm 574 573.999 9.32082 x 10 ~°
a/(°) 18 18. 000 3 3.41270 x10 4

5 B/(°) 11 10.999 6 3.08625 x10 4 5.976 93 x 10 77 34.600 0
z,/mm 695 694. 999 2.65672 x10 °
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