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Control design and simulation for small unmanned helicopter
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Abstract: For the nonlinear dynamic model of a small unmanned helicopter (SUH), we employ the small perturbation
theory to obtain a linearized dynamic mathematical model, and then, design a PID control law for this linearized model.
However, MATLAB/Simulink shows that when this control law is applied to the nonlinear model, the result is not as
desirable as when it is applied to the linearized model. As an alternative, we employ the backstepping method and choose
relevant Lyapunov function with negative definite derivative for each subsystem of the nonlinear model to design the control
law for the nonlinear dynamics model of the SUH. Simulation results show that this control law is effective to stabilize and
control the nonlinear model.
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Table 1 c; parameter value

co T7.5kg cs 3.41kg
c1 0.431kg-m? cg  0.601kg-m/s
¢ 3x107%*kg-m? cio  3.68N
c3 —4.143 c11  —0.153kg-m
¢4 0.108kg - m? c12  12.01kg-m/s
¢s  0.499kg - m? c13 1x10°N
g —621x10"*kg -m?|| c14  1.21 x 10" *kg - m?
¢y —T73.6N c15  2.64N-m
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Fig. 2 Arm of Force in Swash-plate Control
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Fig. 4 Time response of vertical axis from

linear model PID control
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Fig. 5 Time response of yaw axis from

linear model PID control
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Fig. 6 Time response of vertical axis from

nonlinear model PID control
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Fig. 8 Time response of vertical axis following command
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