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Fulfillment of Arbitrary Movement Transfer Control between
Equilibrium States for a Double Pendulum Robot

LI Zu-Shu*? DAN Yuan-Hong'? ZHANG Xiao-Chuan' XIAO Lin? TAN Zhi*?

Abstract In a double pendulum robot, there are four equilibrium states, namely one natural stable position (down-
down) and three unnatural stable positions (down-up, up-down, up-up). With transfers between these states, 20 acrobatic
actions can be formed (12 states transfer actions and 8 circumgyration actions). Using the human simulated intelligent
control (HSIC) theory based on sensor-motor intelligent schema, an intelligent control system for the double pendulum
robot which has the structure of multi controllers and multi control modes is designed. A quasi-equivalent modeling
method and an improved genetic algorithm are adopted for the accurate parameters identification of the double pendulum
model and the optimization of numerous characteristic and control parameters in controller. By this way, not only the
design and parameter optimization of complex HSIC controller are changed easily, but also a very difficult problem which
is to transfer quickly from computer simulation of model to real-time control of physical system is solved successfully.
Finally, we take the state transfer (swinging up) control from down-up to up-down as an example to explain the arbitrary
transfer control between the four equilibrium states of the double pendulum, and show how to design controller with HSIC
theory. The successful simulation and real-time control testified the validation of proposed theory and method.

Key words Double pendulum robot (DPR), transfer of equilibrium states, multi-mode control (MMC), quasi-equivalent

modeling, improved genetic algorithm (IGA)
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Fig.3 A all transfer movement of double pendulum
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Table 1 A all transfer movement of double pendulum

mE

oS Down-Down Down-Up Up-Down Up-Up

Down-Down DD2DD DU2DD UD2DD Uu2DD
Down-Up DD2DU DU2DU UD2DU Uu2DU
Up-Down DD2UD DU2UD UD2UD Uu2uD
Up-Up DD2UU DU2UU UuD2uU uu2uuU
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Table 2 The results of kinetics parameters identification through improved genetic algorithm

m ma mo I 123 Ji Ja c1 Co H(Z)
1 0.08424 0.09180 0.19136 0.28800 0.19000 0.000665 0.000665 0.0014112 0.00501 131.88
2 0.12204 0.09180 0.23504 0.36000 0.19000 0.000665 0.000665 0.0014112 0.00354 37.46
3 0.06156 0.07668 0.23504 0.22320 0.19000 0.000665 0.000798 0.0014112 0.00352 20.87
4 0.12960 0.103896 0.24960 0.28800 0.19000 0.000665 0.0011305 0.0014112 0.00352 11.69
5 0.117504 0.103896 0.24960 0.25560 0.19000 0.000665 0.0011305 0.003782 0.00208 6.69
6 0.1208818 0.1007578 0.24960 0.19800 0.19000 0.0008485 0.0010640 0.0041546 0.00061 3.028
7 0.1212061 0.1020816 0.24781 0.21600 0.19000 0.0008086 0.0011305 0.0041546 0.00109 2.56
8 0.1212061 0.1020816 0.24781 0.21600 0.19000 0.0008609 0.0011305 0.0047981 0.00074 1.47
9 0.12960 0.1006565 0.24960 0.19800 0.197657 0.0008039 0.0010278 0.0051779 0.00062 0.75
10 0.12960 0.1001231 0.24065 0.198515 0.19625 0.000665 0.001064 0.0051383 0.00061 0.68
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Table 3  The results of optimization of control parameters through improved genetic algorithm
U —0.378 Kesu —9.3275 2udl 3.232 Ksua 1.4538 Oc 1.8152
Kssu 58.10 wet 0.1547 Kayar —10.1029 Koua —43.2187 Oco 110
Kssu —115.78 Kiva1 2.80 Kiua —30.9244 Kaua —24.4826 Ocs 51.92
Kisu 9.31 Ksua1 —69.1105 Ksua 142.8791 Keua —41.6312 Oca 100
H(Z) 25.4287
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