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This paper presents a finite-time tracking control for a robot manipulator in the presence of a modeling uncertainty and an
external disturbance. To solve the large chattering phenomenon that is caused by the high switching gain of the sliding-
mode control, a novel second-order sliding-mode controller that generates a continuous control input is designed with a
robust differentiator. The finite-time stability of the closed-loop system is ensured using a constructive Lyapunov-stability
analysis. Finally, a numerical simulation of the 2-Axis Pan-Tilt system is performed to verify the effectiveness of the
proposed controller.
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NOMENCLATURE

n: The number of robot manipulator’s links
M: Inertia matrix & R™"

C: Coriolis vector € R™!

G: Gravitational force vector € R"!

D: Lumped disturbance vector € R™!

7: Control input vector € R™1 'E‘oﬂ 25 UHL]%EHO]Ei X'"OioﬂE ‘Esl:o] /\]‘%E]O_] %]_q_l 5 Z]E\[_]—
K, K,: Design parameter matrix & R™" CSMC (Conventional Sliding Mode Controly= Ajo] ¢J&of A]2
a, x: Design Parameter vector € R™! o] E8AAT] 2lgho] tiet FFFS Alstr] gk v|dss Sk
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Fig. 1 Chattering phenomenon of sliding mode control on sliding
surface
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Fig. 2 2-Axis yaw-pitch pan-tilt system
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Fig. 3 Trajectory tracking of yaw-pitch system
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Table 1 Parameter setting of TSMC and SOSMC

Controller Parameter
Hi=15=1,p =209, p,=209,
TSMC q=111,¢=111,k =2,k =26
SOSMC 71=035, n=0.1, oy =0.995, &, = 0.55,

ki =0.01, ki, =230, ky; = 0.995, k=20

Time Response of Input Torque for Axis 1

Input Torque(Nm)

Time(sec)
(a)

Time Response of Input Torque for Axis 2

Input Torque(Nm)
. N
o

Time(sec)
(b)
Fig. 4 Input torque of yaw-pitch system
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APPENDIX
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Mnnomina = 0.9866
Cinominal = 0.5742 ¢, 4,sin(2q,) — 1.054,4,51n(2q>)
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