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Robust Trajectory Tracking Control of Mecanum
Wheeled AGV Using State Space Disturbance Observer
Based Impedance Control and ISMC

A &ALy

Hyoseok Cheon!, Seungkyu Park "

Abstract: Auto Guided Vehicle (AGV) equipped with mecanum wheels can move in all directions, unlike
ordinary wheeled AGVs. In this paper, we propose a robust trejectory tracking control method for the
mecanum wheeled AGVs in the presence of disturbances. It is constructed by combining impedance
control with Integral Sliding Mode Control (ISMC), which shows robust performance against disturbances,
and adding a disturbance observer (DOB) that estimates and removes disturbances. Simulation result
using MATLAB/SIMULINK shows that the proposed control method has robust performance in
tracking the reference trajectory under the circumstance with disturbance. The control performance is
further improved when the disturbance observer is additionally used. In addition, the performance of
the proposed control method was verified through experiment. It shows the result of tracking the set

trajectory well.
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[Fig. 1] Mecanum Wheeled AGV
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[Fig. 2] Schematic of Mecanum Wheeled AGV
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[Table 1] Parameters of Mecanum Wheel AGV

Parameter Explanation

X; Reference coordinate system X-axis

Y; Reference coordinate system Y-axis

G Geometry position center of robot

X, Robot coordinate system X-axis based on &

Y, Robot coordinate system Y-axis based on G

! Distance from the center (?f position to each

wheel axis

a Angle between X, and the wheel axle

G’ Robot's center of mass

X'y Robot coordinate system X-axis based on G’

Y, Robot coordinate system Y-axis based on G’

0 Heading angle of the robot based on the

reference coordinate system

d, X-axis distance between G and G’

d, Y-axis distance between G and G’
f=UA Lo fy £,J7 | Frictional force on each wheel from 1 to 4
r=nnnnl” Torque of each wheel from 1 to 4

m, Mass of the robot platform

m, Mass of the robot wheel

I Moment of inertia of robot wheel

1, Moment of inertia of robot platform
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[Table 2] Parameters of Mecanum Wheel AGV

parameter value [unit]

m, 10 [kg]
m, 2 [kg]

7 0.039 [kgm?]
1, 0.2278 [kgm?]
r 0.105 [m]
d, 0[m]

d, 0[m]

l 0.6 [m]

e 7/6 [rad]

[Table 3] Controller parameters

parameter value [unit]
Ay diag ([1 1 1])
K diag ([10 10 10])
I [[000;000;000],
[-5000;0-500;00-50]]
=10>
1.5
= = = -Reference
Impedance+ISMC+DOB
1t ]
05
ot
051
Ak
-1.5 : * ! : :
-1.5 -1 -0.5 0 05 1 15

[Fig. 3] Trajectory tracking simulation result about &; and &,
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[Table 4] Error data comparison using RMS

method distance error (mm)
Non DOB 39.96
DOB 12.03
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