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ABSTRACT
An iterative learning controller (ILC) adjusts the learning parameters by repeating control operations. Tracking error from a
previous stage is used as the correction factor for the next control action. By this way, a ILC can minimize the tracking error within a
limited number of iterations. In this study, a Stewart Platform is built to implement tracking control experiments. The kinematic
equations of the Stewart Platform are found by considering the relationship between the center of the upper-plate, which has six
degrees of freedom, and six hydraulic legs. The extension lengths obtained by solving the kinematic equations of the Stewart
Platform are then used as reference inputs for tracking control of the six hydraulic legs. By controlling extension lengths of the six
hydraulic legs of the Stewart Platform, we can force the center of the upper-plate to follow a given trajectory. In our study, a ILC is
used to improve tracking errors of the six hydraulic legs of a Stewart Platform. A PD-typed ILC with delay parameters are also used
to control the upper-plate of the Stewart Platform to follow a repeated path until the tracking errors are minimized. We also propose
a system identification scheme to identify our plant and to find the transfer function of the system. This transfer function is then used
to yield the time histories of the system and to design controller. Finally, experiment results are verified by simulations. We can find
out results in path tracking of experiment differing from results in path tracking of simulation. Basically, all errors are in acceptable
region, and we can know from the data of experiment the larger amplitude, the slower error converging.

Keywords : Stewart Platform, hydraulic, ILC

Table of Contents
D000 OO0 OO ottt LTI OO P UURUURPRSRPRROON v
I SRS Vi D e vii O
L ettt et ettt VIl T O O e xO0O
L et e X O O O D i xivOOd0O O
L ettt LA OO et 112000
L ettt bbb 213000000000 e 5000 000000
OO0O0O0000 e T21 0000 it 722000000
L ettt 82300 LI O IO st 13231ARX OO0
L et 15232 ARMAX O O O 0 eoieieeceeeeeeeee e, 172330E000O
L e 1823 4BI OO M ettt Vvoo0o0odooooooooad
OO000 ke 2131000000 tiiiiiiiiiceeeie e 213110000
L e 2132120 0000 it 273130000
L o 2732000000000 ittt 29000 0000000
[ I SRR OO 3B41 00000000000 i 334200000000
I R /000 0000000000000 e 3851000
O0000000O0OL e 052000000000 0000 ciiiee e 450 0
O OO e BL O O OO it 62

REFERENCES

[1]1“ A machine for the 2Ith century,” Machinery and production engineering, pp.20-23, 1995.00

[2] Byun, Y.K., “ Analysis of a novel 6-dof, 3-PPSP of parallel manipulator,” The International Journal of Robotics Research, Vo01.16, No.6,
pp.859-872, 1997.00

[3] Bernelli-Zazzera, F. and Gallieni, D., “ Analysis and design of hexapod mechanism for autonomous payload pointing,” 46th IFAC Congress,
Oslo, pp. 135-138, 1995.01

[4] Dunlop, G. R. and Jones, T. P., “ Gravity counter balancing of a parallel robot for antenna aiming,” 6th ISRAM, Montpelier, pp. 153-158,
1996.00



[5] Ficher, E.F., “ A Stewart platform-based manipulation: general theory and practical construction,” The International Journal of Robotics
Research, Vol.15, No.2, pp.157-186, 1986.01

[6] Gosselin, C.M, “ Determination of the workspace of 6-dof parallel Manipulators,” ASME Design Automation Conference, Monmal, Sept.17,
Vol.20, pp. 321-326, 1989.01

[7] Geng, Z. and Haynes, L. S., “ Six-degree-of-freedom active vibration isolation a Stewart platform mechanism,” J. Robotic System, Vol.10,
No.5, pp. 725-744, 1993.00

[8] Hunt, K.H., “ Structure kinematics of an parallel actuated robot arms,” Transactions of ASME, Journal of mechanics, Vol.105, pp.705-712,
1983.00

[9] Hebsacker, M., Treib, T., Zirn, O., and Honegger, M., “ Hexaglide 6 dof and Triaglide 3 dof Parallel manipulators Position,” Paper PKM at
the ETH Zurich and Mikron SA.O

[10] Hebsacker, M., Codourey, A., and Burdet, E., “ Adaptive control of the Hexaglide, a 6 dof parallel manipulation,” Proceedings of the 1997
IEEE International conference on Robotics and Automation, pp.43-548, 1997.00

[11] Ji, Z., “ Workspace analysis of Stewart platform via Vertex Space,” Journal of intelligent and Robotic systems, Vol.11, No.7, pp.631- 639,
1994.00

[12]Ji, Z.,“ Analysis of design parameters in platform manipulators,” Journal of mechanic Design, VVol.118, No.4, pp.631-639, 1996.01

[13] Lee, M.K. and Park, K.W., “ Kinematic and dynamic analysis of A double parallel manipulator for enlarging workspace and avoiding
singularities,” 1EEE transactions on Robotics and Automation, Vol. 15, No.6, pp.1024-1034, 1999.0

[14] Merlet, J.P., “ Singular configurations of parallel manipulators and geometry,” The International Journal of Robotics Research, VVol.8, No.5,
pp.45-56, 1989.00

[15] Merlet, J.P., “ Determination of the orientation workspace of parallel manipulators,” Journal of Intelligent and Robotic systems, VVol.13,
No.2, pp.143-160, 1995.0

[16] Merlet, J.P., “ Designing a parallel manipulator for a specific workspace,” The International of Robotics Research, Vol. 16, No.4,
pp.545-556, 1997.01

[17] Merlet, J.R, “ Determination of 6D workspaces of Gough-Type parallel manipulator and comparison between different geometries,” The
International Journal of Robotics Research, Vol.18, No.9, pp.902-916, 1999.00

[18] Ronen, B.H., Moshe, S., and Shlomo, D., “ Kinematics, dynamics and construction of a plenarily actuated parallel robot,” Robotics and
Computer-Integrated manufacturing, VVol.14, No.2, pp. 163-172, 1998.00

[19] Raghavan, M., “ Stewart platform of general geometry has 40 configurations,” Trans. ASME J. Mechanical Design, Vol.115, No. 2,
pp.277-280, 1993.00

[20] Stewart, D., “ A Platform with Six Degree of Freedom,” Proc. Institute of Mechanical Engineers, VVol.108, N0.3884, pp.371-386, 1965.01
[21] Stewart, D., “ A platform with six degree of freedom,” Proc. Institution of mechanical Engineer, Vol.108, No.15, pp.371-386, 1965.0

[22] Shim, J.H., Kwon, D.S., and Cho, H.S., “ Kinematic anaysis and design of a six dof 3-PRPS in-parallel manipulators,” Robotica, Vol.17,
No.3, pp.269-281, 1999.00

[23] Shibukawa, T., Tooyama, T., Hattori, K., and Ohta, H., “ Development of parallel mechanism based milling machine [HexaM],”
Proceedings of the ASME, manufacturing Science and Engineering Division, V01.8, pp.691-698, 1998.0

[24j000," O00D0DO0O00ODCOO0DOO0O0OODOOO0ODODOO0OOOO” , 00000000 000000000, 2000([251000,
“ 0000000000 00D0D0000O0O” , 0000000000000 000,2000[26)000," OOO0ODOOOOOOOOO
o0ooooOo” ,00000000oog,2001.0

[271000," 0000000000 X-YOOOOO” ,00000000000000,2004.0

[28000," 000000 0ODOOOO0OOOOODDOOOOOOO" , 00000000000, 2005.0

[2910 00, 00000000000 OOOOOOO” , 00000000000, 1996.



