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Abstract—The mobile robot is one of the Unmanned Vehicle
that belongs to Unmanned Ground Vehicle (UGV) which has the
ability to be remotely controlled. The advancement in navigation
has enabled new opportunity to send the UGV to explore new
area or disaster mitigation. The path is set with the help of digital
imaging of a certain area, then the mobile robot is expected to
follow the path. In this paper, we conduct a simulation of four-
wheeled mobile robot trajectory tracking. We design a control
for trajectory tracking using the Model Predictive Control
approach. By simulating for some values of control and
reference, the simulation shows that the control design for the
trajectory tracking in four wheeled mobile robots need some
improvement.

Keywords—model predictive control, mobile robot, trajectory
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I. INTRODUCTION

The Unmanned Vehicles (UV) are frequently used by the
military or civilian to do the surveillance, investigation, or
exploration to either inaccessible, inexplorable, or dangerous
area. The UV such as the Unmanned Aerial Vehicle (UAV),
Unmanned Underwater Vehicle (UUV), Unmanned Spacecraft
Vehicle (USV), Unmanned Surface Vehicle and Unmanned
Ground Vehicle have the ability to be remotely controlled or
even self-driven are beneficial to human being, in terms of
minimising risk. [1] Picking some extra-terrestrial stone is one
of the examples of using mobile robots. [2]

The mobile robot is one of unmanned ground vehicle which
can be tracked when it is applied with Global Positioning

trajectory from the digital imaging to overcome the obstacles in
the path, then the mobile robot is set to follow the rule.

The trajectory tracking has been studied by some researcher
in recent years. Tawfik [3] and Carlucho et all [4] has been
conducted the optimal trajectory tracking in mobile robot using
Proportional Integral Derivative, while Villacr et al were using
Sliding Mode Control to control the mobile robot [5]. Model
Predictive Controller is also applicable in mobile robot
trajectory tracking, recent research has been done by
Kanjawaniskul [6] and Liu [7]. In this paper, we conduct a
design control of mobile robot

II. PROBLEM FORMULATION

A. Kinematics

One of the types of mobile robot is having an actuator. An
actuator is a device Thus, the mobile robot can move freely
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System (GPS). The advancement in navigation plays a L
significant role in military technology. The GPS utilisation has = a -
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enabled new opportunity to explore new area for natural Fig. 1. The physical dimension of the mobile robot
resources or even disaster mitigation. Scientists define the from
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a point to another in the ground. In this paper, we used a four-

wheeled mobile robot which able to move freely in the ground

[2].

In this paper, the GPS is attached in the front left of the
mobile robot. The front wheels are capable to do a maximum
30 degrees left-and-right turn to move along the trajectory. The
rear wheels are remained fixed. The mobile robot moves in X-
Y axis. The robot is assumed to only move forward and the
path is determined first. The illustration for the mobile robot is
shown in Error! Reference source not found.

When the robot is moving, the steering system is shown
below in Error! Reference source not found.
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Fig. 2 Steering system
B. Mathematical Model

In this case, the model is nonlinear and discrete. The model
is modified from [8]. The model is:

i v cos(¢p) — %(a sin(¢) + b cos(¢)) tan(a)
[y = [vsin(¢) + % (a cos(¢) — bsin(¢p)) tan(a) ()
¢ %tan(a)
x,y : The mobile robot position relative to the GPS
coordinate system

Where

The angle of mobile robot
v : The velocity of mobile robot
a : The steering angle of mobile robot

Some constants are given by Table 1

TABLE 1 CONSTANT TABLE
Constants Terminology Value

The distance between front wheels and rear

L 2,5m
wheels

a The distance between the mobile robot’s 1.25m
rear centre point and the GPS. i

b The distance between mobile robot’s centre 0
point and GPS.
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By taking x = x;, ¥y = x,, and ¢ = x5 respectively, the
model can be rewritten as
X vcos(xz) — % (asin(xz) + b cos(x3)) tan(a)
[xz] =|vsin(xz) + %(a cos(x3) — bsin(xz)) tan(a) | (2)
X3 v
Ztan(a)

We will control the velocity and the steering angle of
mobile robot, thus the control is

u=g] ®
We can also rewrite (2) and (3) in more compact form
x = f(x,u) 4)

A linear model is obtained by computing an error model
with respect to a reference mobile robot. Thus, the trajectory
reference can be written as:

%, = f(xp,u,) (%)

By expanding (4) around (x,,u,) in Taylor Series and
truncating the higher order terms, we will obtain:

X =~ f(xr' ur) + f;(,r(x - xr) + fu,r(u - ur) (6)

Where f, , and f, , are the Jacobian of f with respect to x and u.
By subtracting (6) and (5) we have:

X—Xp = fx,r(x_xr) +fu,r(u_ur) 7
because X £ x — x, and T £ u — u,,, we can rewrite (7) as
X~ fir X+ fo, O ()

Therefore, the forward difference gives the following discrete-time
linear model

x(k + 1) = A(k)x(k) + B(k)u(k) )
With
1 0 v(k)xs(k)At — @tan(a(k)) At
A= - @;@(m tan(a(k))At
0 0 1
cos(x3 (k))At - a(k) sin(x3 (k)) At — @sin(a@ (k))At

B(k) = [sin(x3(k)) At + a(zk) cos(x3(k))At @cos(% (k))At

2 2
ga(k)At gU(k)At

III. MODEL PREDICTIVE CONTROL

A. Optimisation Problem
The control rule is defined by

X(k) = x(k) — %, (k) (10)

We also define an objective function [9]:

J'() = 58" (OHOuK) + £7 (k)uk) (11)
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With

H(k) = 2(BT(k)QB(k) + R)
f(k) 2 2B (k)QA(k)X(k|k)
d(k) = X" (k|k)AT (k)QA(K)(k|k)

Where H is Hessian Matrix, Q is the weighted matrix of the
state space, and R is the weighted matrix of the control. The
optimisation problem could be stated as finding the value of
U, so that:

(12)

We need to constraint the input control to make the performance
good, we define a constraint for input control at k-th iteration
[10].

" = arg ming{J (k)}

Umin < ﬁ(k +j|k) < Wmax

With j is satisfied by j € [0, N — 1].

(13)

B. Linear MPC Algorithm
The algorithm is given by this block diagram [9]:

u REFERENCE Xy
-

CAR
T MmpC X
w WMR X
Fig. 3 Block diagram
At time t, we do:
Step 0 Input the x,.(0), u.(0) dan x(0). x,.(0)

Step 1 For N < 10, do:

Step2  Calculate (k) = x(k) — x.(k)
Step 3 Solve the optimisation problem
Step4  Obtain u*(k) = u*(k) + u.(k)
Step 5  Obtain the mobile robot position at

k+1

Step 6  Obtain the reference at the step k
Step 7 Plot the reference
Step 8  Update the trajectory at the step k
Step 9  Plot the trajectory

IV. RESULT AND DISCUSSION

We choose Q and R as follow:
0.01 0 o - 0

0 o001 0 - O
Q=R=|0 0 o001 -~ O
0 0 0 0.01

By using MATLAB, for x,(0) =[0,0,0]7,u = [0.5,0]T
and x(0) = [0,0,0]7, the graph is shown in

Position on x-axis

Trajecto _—
ol rajectory -
B -
= —
1 2 3 4 5 6 7 8 9 10
sampling time (s)
Position on y-axis
T T T U S——
0 | ———Reference |——— ¢ o
— Trajectory j—— —_—
~-10
>-20 =
-30 - -
40 . . . . . . . .
1 2 3 4 5 6 7 8 9 10
sampling time (s)
Steering angle
0.02 : : p——L Lo
- —— Reference /
E okl ‘Trajeclnry pd
B \
= \ /
> \ /
2002 \ /
= N\
< \//
0.04 L " . " " L . .
1 2 3 4 5 6 7 8 9 10

sampling time (s)

Fig. 4 Simulation result for x,(0) = [0,0,0]",u = [0.5,0]" and x(0) =
[0,0,0]"

It is shown that the design control for the three states still
need to be improved, we will try to test the design control by
the different input, for the next trial, we use for x,.(0) =

T
[0,0,10]7,u = [0.5,%] and x(0) = [0,0,10]"
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Fig. 5 Simulation result for x,(0) = [0,0,10]7,u = [0. 5,%] and x(0) =
[0,0,10]"
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For the last simulation, we will try for x.(0) =
T
[-1,-1,5]",u = [0.5,%] and x(0) = [0,0,5] and we obtain:
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Fig. 6 Simulation result for x.(0)=[-1,-1,5]",u= [0. 5,%] and
x(0) = [0,0,5]"

From the simulation we can see that the control design still
needs an improvement.
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