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Robust Trajectory Tracking Control of a Mecanum
Wheeled Mobile Robot Using Impedance Control and
Integral Sliding Mode Control
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Abstract: Unlike normal wheels, the Mecanum wheel enables omni-directional movement regardless
of the orientation of a mobile robot. In this paper, a robust trajectory tracking control method is
developed based on the dynamic model of the Mecanum wheel mobile robot in order that the mobile
robot can move along the given path in the environment with disturbance. The method is designed
using the impedance control to make the mobile robot to track the path, and the integral sliding mode
control for robustness to disturbance. The good performance of the proposed method is verified using
the MATLAB /Simulink simulation and also through the experiment on an actual Mecanum wheel
mobile robot. In both the simulation and the experimentation, we make the mobile robot move along a
reference trajectory while maintaining the robot's orientation at a constant angle to see the

characteristics of the Mecanum wheel.

Keywords: Mecanum wheel, Mobile robot, Trajectory tracking, Impedance control, Integral sliding

mode control
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[Fig. 1] Principle of Mecanum wheel
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[Table 1] Simulation parameters

parameter value[unit]
m, 10[kg]
m, 2[kg]
L 0.2278[kgm?]
I 0.039 [kgm?]
r 0.105[m]
d, 0[m]
d, 0[m]
l 0.3[m]
« 7/6 [rad]
5 diag([1, 1, 1])
K, diag([10,10,10])
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[Fig. 3] Trajectory tracking simulation result using impedance
control without disturbance(Kq = 0.1, K, =20)
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[Fig. 4] Trajectory tracking simulation result using impedance
control without disturbance(Kq = 1, K, = 10)
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[Fig. 11] Mecanum wheel mobile robot used in actual
experiments
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[Fig. 13] Sensor network concept illustration(left) and
ultrasonic sensor for experiment(right)
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[Fig. 14] Trajectory tracking result using impedance control +
ISMC (experiment)
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