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A general robot inverse kinematics solution based on MPGA-RBFNN

ZHANG Yi, LIU Fangjun, HU Lei

(Chonggqing Information Accessibility and Service Robot Technology Research Center, Chongqing University of Posts and Telecom-
munications, Chongqing 400065, China)

Abstract: In order to solve the problem of the inverse kinematics in a general robot, such as slow speed in problem-solv-
ing and lower solution accuracy, a high-precision algorithm is proposed for general robots, which introduces Multiple
Population Genetic Algorithm into Radial Basis Functions neural network (MPGA-RBFNN). Combined with the posit-
ive kinematics model of general robots, a three-layer structure of RBFNN was used to solve the inverse kinematics, and
the MPGA was adopted to optimize the network structure and connection weights of the RBFNN. By using hybrid cod-
ing and simultaneous evolutionary means, the non-linear mapping of the position of the robot in the working space to the
joint angle was realized, avoiding complicated formula derivation and improving the speed of problem-solving. Finally,
an experiment was conducted using the general 6R robot. The results showed that the speed of solving the problem of
the inverse kinematics of a general robot was improved by the MPGA-RBFNN algorithm, and the training success rate
of the MPGA-RBFNN algorithm and the calculation accuracy of the inverse kinematics were enhanced.
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Fig.1 The Comau NJ-220 robot and the D-H parameters
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Table 1 Joint parameters of the Comau NJ-220 robot

YR i A o /(0) KIE g, /mm WE d/mm T 0/rad

1 0 0 830 [2.9,2.9]

2 -90 400 0 [-1.57, 1.57]
3 180 1175 0 [-1.57, 1.57]
4 -90 250 ~1125  [-3.14,3.14]
5 -90 0 10 [-3.14,3.14]
6 90 0 ~230  [-3.14,3.14]
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Fig.2 Algorithm flow chart of MPGA-RBFNN
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Fig.3 RBFNN structure in solving inverse kinematics
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Fig. 4 The output error of three kinds of algorithm
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Table 2 Inverse kinematics solution results
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MPGA 44.998 493 —45.001 625 45.000 118 60.001 894 —89.998 255 0.001 706
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3 RBFNN 15.000 208 —35.000 237 44.999 959 90.000 108 —44.999 391 90.000 216
MPGA-RBFNN 15.000 010 —34.999 990 44.999 869 90.000 003 —45.000 021 89.999 903
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Fig. 5 Performance training of MPGA-RBFNN
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Table 3 Contrasts in algorithm performance
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