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Research on real-time inverse kinematics algorithms for 6R robots

LIU Song-guo, ZHU Shi-qiang , LI Jiang-bo, WANG Xuan-yin
(State Key Lab of Fluid Power Transmission and Control, Zhejiang University, Hangzhou Zhejiang 310027, China)

Abstract: A set of real-time algorithms for inverse kinematics of all type of 6R robots is proposed. The general
algorithm obtains 16 inverse kinematics solutions in total for general 6R robots based on vector operations and eigenvalue-
decomposition of a 16 order target matrix. The closed-form algorithm selects proper kinematics equations directly and
solves for the joint variables analytically. The obtained results are employed by the combined algorithm as the initial values
in the iterative Newton-Raphson method for finding the exact solutions of the inverse kinematics, which can be used for
6R robots that approximately meet the requirements of the closed-form algorithm or the general algorithm. Experimental
results show that the proposed set of algorithms solves the inverse kinematics problem of 6R robots with any geometry
configuration in 2.03 ms, and provides effective solutions for the inverse kinematics problem of 6R robots applied in strong

real-time systems.
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2.2 #PIf#TE(Close form algorithm)
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Table 1 D-H parameters of PUMAS560 robot
K 0/(°) dmm a/mm o/(°)
1 01 211 150 -90.0
2 02 0 550 0
3 03 0 175 -90.0
4 04 650 0 90.0
5 05 0 0 90.0
6 06 0 0 0

2.3 A H P (Combined algorithm)
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2.3.1 A% I(Combined algorithm I)
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7E it & NPentium IV 2.4G CPU, 512M RAM,
Windows 20004 /£ R 4L 1 HALY & LA 5K 5%
(1) A7 R0 R S P R, SR FHVC++4 3 F H 82 R
FINEWMATHICLAPCAK HEAT B F14 iz 5.

K2 8UIEEFNFHE
Table 2  Eight solutions of inverse kinematics

IRE St 0/(°) KW 0/(°)
1 —89.06600660 2 —74.85649451

1 3 179.7228035 4 —170.8453051
5 94.47941234 6 116.3625337

1 —88.55429421 2 —75.15308876

2 3 —-179.6059981 4 9.060946030
5 —94.77339928 6 —64.18684275

1 93.04835838 2 6.535200275

3 3 160.3906167 4 —71.31810443
5 —171.8629364 6 —172.5755194

1 93.23458698 2 6.725601300

4 3 160.5885754 4 105.9482565
5 172.0180762 6 10.00521334

1 90.00000000 2 —-140.0000000

5 3 49.99999999 4 9.999999999
5 80.00000001 6 120.0000000

1 90.47589037 2 —139.3355973

6 3 49.29915095 4 —170.0932884
5 —79.95845685 6 —60.49231174

1 —85.24308956 2 165.0634692

7 3 29.93108715 4 —60.10148599
5 171.4032793 6 —5.452477881

1 —85.55598331 2 165.0269727

8 3 30.24760494 4 121.5296107
5 —171.1870577 6 173.2035008
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Table 3  Applicability and real-time performance

of algorithms
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e HL PUMAS560 Ak 0.11
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Y (= — 1.37
Hir%E HAth HEHEHEL ~0.77
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4 45 (Conclusion)
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