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A Study on Control of Omni-directional Mobile \ehicle

for Obstacle Avoidance

Gyeong Mok Lee

Dept. of Mechatronics Engineering, Graduate School,

Pukyong National University
Abstract

This dissertation proposes a-tracking controller for obstacle avoidance of an
omni-directional ‘mobile robot(OMR) using a ceiling-mounted camera system
method. The tracking controller is designed for the OMR to track a desired
trajectory based on backstepping method using Lyapunov function. For design the
tracking controller, the following tasks are implemented in this dissertation.

First, OMR, obstacles and a goal point' must be separated and recognized for the
OMR to avoid obstacles and. reach the goal point using color recognition method
and ‘Small Window(SW)’ algorithm. The SW algorithm has smaller FPS(Frame
Per Second) value than the general image processing method.

Second, A* algorithm is proposed to generate a trajectory from the start point to
the goal point for the OMR to avoid obstacles and arrive at the goal point using
information of the OMR, obstacles and the goal point obtained from the proposed
image processing algorithm. Using the cost function of the proposed A* algorithm,

a shortest trajectory from a start point of the OMR to a goal point is generated.

iii



Third, modelings for the OMR to track trajectory in 2D space is presented. First,
kinematic modeling of the OMR is proposed using pseudo inverse matrix and
dynamic modeling considering friction of the OMR’s wheels are presented based
on Lagrange equation. From the kinematic modeling, a backstepping controller is
designed for the OMR to track the planed trajectory obtained from the A*
algorithm. And the dynamic controller based on dynamic modeling is designed to
make the real velocity of the OMR track the desired velocity that is the output of
the kinematic controller.

Forth, to implement the proposed controller, an overall system is established
with a ceiling-mounted camera system, OMR and obstacles. The ceiling-mounted
camera system consists of ceiling-mounted camera and server computer. The OMR
consists of actuator part, sensor part and control system. The actuator part consists
of four mecanum wheels and four DC motors to implement omni-directional
driving. The sensor part ‘consists of compass sensor and rotary encoder. The
compass sensor is used for' measuring heading angle of the OMR and each rotary
encoder is used for measuring.each wheel’s velocity. The control system is
developed based “on 8bit. microprocessor PIC18F452 and PIC18F4431. The
PIC18F4431 is used as master unit, and two PIC18F452s "are used as slave unit.

Finally, simulation results are presented to show the effectiveness of the
proposed trajectory planning algorithm and tracking controller for obstacle

avoidance of the OMR.
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Fig. 2.3 Mecanum wheel and Motor of Omni-directional mobile Robot
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Table 3.1 Parameters of Omni-directional Mobile Robot
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Viw = RN X Wy (3.1)
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Vy =V +L-, , v =V +l-o, (3.9)

AZIAM, Vy, Wy = AR FRE] A v X YRS Aot
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Aol 7t

W=V + VIRSEEST | ) @, (3.10)
Vo=V, 4V, -+ (i), (3.11)
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, AL+1) i w aw aw (3.19)
A Ao 4 Cel AN vheat o] AT
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cosg O
S=|sing O (3.22)
0 1
\Y —
nz{ }:(sTs) 'STv, =S"v, =S"R,J'® (3.23)
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1714, D, mizhd- 2ol A upEA s

AR, 5 EEYHoA T vy v, 02 A (3.26)~(3.28)°

A:%m(vi +\8)

2 (3.30)
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1
B= EJZ . a)§
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1 1
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0} R q ) R n (4.5)

v, =%eTe >0 (4.6)
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4714 e, F A1 BEALE WEE kit

E£m=F2 Aojzlel A HA2 A (414l o3 too A o,
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& =i —a, (4.15)

A (B3)EHEH @=M(r-Dyw) o1, o= A (415)9°] ulYstd
olee} 7t
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drFH Aozl W fFEAS BTl fsl AlEdHed H
AYPAHNE RojEr Algdloldel ARSE wiziWS Fap W

%713k Table 5.17} Table 5.2¢F 7t}

Table 5.1 Parameter’s Values of Omni-directional Mobile Vehicle

Parameter | Description UNIT
I 0.25 m
L 0.22 m
Ry 0.21 m
D, 0.7 m?/s
N, 3.7927 Kg'm?
Jo 0.1875 Kg-m?
m 21 Kg

Table 5.2 Initial Values of Variables for Simulation

Parameter | Description UNIT
X, 40 pixel
Y, 400 pixel
/2 0 deg
v, 0 m/s
Vy 0 m/s
o, 0 deg/s
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