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ABSTRACT
This thesis is to develop the mathematical model of a riderless bicycle. The six coordinates for the position and orientation of the
vehicle body, the rolling angles of front and rear wheels, one steering angle of the fork are used. The equations of motion for the
system are derived from Euler-Lagrange equations in quasi coordinates. The pure rolling constraints between ground and wheels are
also considered in the dynamical equations of the riderless bicycle system. The symbolical mathematical software Maple is used to
derive the equations of motion. The Matlab programs are written to solve the differential-algebra equations(DAE). The simulation
study is the control for riderless bicycle system. From different initial values of steering angle of fork, the system can be controlled
steadily without falling down. The equations of motion developed are verified by energy conservation and constraint equations.
Finally, the thesis develops control scheme for riderless bicycle to stabilize its dynamics.

Keywords : Riderless bicycle, Dynamics, Control.
Table of Contents

0000000000 WoooD0DvoODOvidoviiO0OviiDO0OxO0OOxiO0O0OXxii0DO00O 00 11100
1120000 213000000000 3000 00000DO0O0O00ODOOOS2100000052110000000
O00o0dbgos21200000000000 7220000000 8221000000 82.22Lagrangel 0000

1023000000000 1523100000000 1523200000000 19233000000000000 26
U000 0o0booboooobOob 2r3lgbogn 28320000000 2000 0000000000 37410000
00374200000 38421000000PIDODO 3842200000000000041 00000470000 48
gbA0dO0ODODDOODOO0ODOS00BO0000O0O00O0O00O0O0O0O0O00OMAPLEDO 54

REFERENCES

[1]A. Alleyne and M. DePoorter, "Lateral displacement sensor placement and forward veloc -ity effects on stability of lateral control of vehicles,”
American Control Conferenc -g, Vol.3, pp. 1593~1597, 1997.00

[2]R.F. Gans, "A control algorithm for automated pursuit,” Control Applications, 1997., -Proceedings of the 1997 IEEE International Conference
on, pp. 907~911, 1997.00

[3]H. Benjamin Brown, Jr. and Yangsheng Xu, "A Single-wheel, gyroscopically stabilized r -obot,” Proceedings of the 1996 IEEE International
Conference on Robotics and Automat -ion Minneapolis, Minnesota-April, VVol. 4, pp. 3658~3663, 1996.[1

[4]H. Benjamin Brown, Jr. and Yangsheng Xu, "A Single-wheel, gyroscopically stabilized r -obot," Robotics & Automation Magazine, IEEE, Vol.
4, pp. 39~44, 1997.0

[5]A. V. Beznos, A. M. Formal'sky, E. V. Gurfinkel, D. N. Jicharev, A. V. Lensky, K. V. -Savitsky and L.S.Tchesalin, "Control of Autonomous
Motion of Two-Wheel Bicycle with -Gyroscopic Stabilisation," Proceedings of the 1998 IEEE International Conference on -Robotics &
Automation, Leuven, Belgium May, Vol. 3, pp. 2670~2675, 1998.01

[6]Chieh Chen and Han-Shue Tan, "Steering Control of High Speed Vehicles:Dynamic Look A -head and Yaw Rate Feedback," Proceedings of
the 37th IEEE Conference on Decision & C -ontrol, Tampa, Florida USA December 1998.01

[7]1Kai-Ten Feng, Han-Shue Tan and Masayoshi Tomizuka, "Automatic Steering Control of Veh -icle Lateral Motion with the Effect of Roll
Dynamics," Proceedings of the American C -ontrol Conference, Philadelphia, Pennsylvania June 1998.00

[8]Neil H. Getz, "Control of Nonholonomic Systems With Dynamically Decoupled Actuators," - Proceedings of the 32nd Conference on Decision
and Contro,l San Antonio, Texas Dece -mber 1993.0]

[9]Neil H. Getz, "Control of Balance for a Nonlinear Nonholonomic Non-minimum Phase Mode -l of a Bicycle," Proceedings of the American
Control Conference, Baltimore, Maryland - June 1994.01

[10]Neil H. Getz, "Internal Equilibrium control of a Bicycle," Proceedings of the 34th C -onference on Decision & Control, New Orleans,
LA-December, Vol .4, pp. 4286~4287, 19 -95.01

[11]Neil H. Getz and J. Karl Hedrick, "An Internal Equilibrium Manifold Method of Tracki -ng for Nonlinear Nonminimum Phase Systems,"



Proceedings of the American Control Con -ference Seattle, Washington June 1995.01

[12]Neil H. Getz and Jerrold E. Marsden, "Control for an Autonomous Bicycle," IEEE Inter -national Conference on Robotics and Automation,
Vol.2, pp. 1397~1402, 1995.00

[13]S. Kawamura, K. Kubo, and Z. Li, "Effect of internal force on rotational stiffness o -f a bicycle handle," Systems, Man, and Cybernetics, 1996.,
IEEE International Confe -rence, VVol.4, pp. 2839~2844, 1996.01

[14]Richard E. Klein, "Using Bicycles to Teach System Dynamics," IEEE Control Systems Ma -gazine, pp. 4~9, 1989.00

[15]Yi-Sheng Yao and Rama Chellappa, "Estimation of unstabilized components in vehicular - motion," Proceedings of the 12th IAPR
International Conference on Computer Vision -& Image Processing, Vol.1, pp. 641~644, 1994.00

[16]S. Suryanarayanan, M. Tomizuka and M. Weaver, "System dynamics and control of bicycl -es at high speeds," American Control Conference,
Vol.2, pp. 845~850, 2002.00

[17]1Y. Yavin, "Navigation and Control of the Motion of a Riderless Bicycle by Using a Si -mplified Dynamic Model," Mathematical and
Computer Modelling, Vol. 25, pp. 67~74, 1 -997.00

[18]Y. Yavin, "Navigation and control of the motion of a riderless bicycle," Compute. Me -thods Appl. Mech. Engrg. 160 (1998) 193~202.00
[19]Y. Yavin, "Stabilization and control of the motion of an autonomous bicycle by using - a rotor for the tilting moment,” Computer Methods in
Applied Mechanics and Enginee -ring, VVol. 178, pp. 233~243, 1999.00

[20]G. Indiveri, "Kinematic time-invariant control of a 2D nonholonomic vehicle,” Procee -dings of the 38th IEEE Conference on Decision &
Control, Vol. 3, pp. 2112~2117, 199 -9.0

[21]000,000,"0000000000000 000 0,"Journal of Technology, Vol. 16 -, No. 2, pp. 243~251, 2001.0

[22]C. Frangos and Y. Yavin, "Tracking control of a rolling disk," Systems, Man and Cybe -rnetics, Part B, IEEE Transactions on, Vol. 30, pp.
364~372, 2000.00

[23]Yongsheng Ou and Yangsheng Xu, "Balance control of a single wheel robot," Intelligen -t Robots and System, 2002. IEEE/RS]J International
Conference on, Vol. 2, pp. 2043~2 -048, 2002.00

[24]Sangduck Lee and Woonchul Ham, "Self stabilizing strategy in tracking control of unm -anned electric bicycle with mass balance,” IEEE/RSJ
International Conference on Int -elligent Robots and System, Vol. 3, pp. 2200~2205, 2002.0

[25]Haim Baruh, Analytical dynamics, McGraw-Hill, 1999.00

[26]Farid M. L. Amirouche, Computational Methods in Multibody Dynamics, Prentice-Hall, p -p. 424-461, 1992



