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KEYWORDS ABSTRACT

Tractor-Trailer, As a subset of mobile robots, the tractor-trailer mobile robot has been widely used in various
Speed Control, applications in the past decades, including rescue, fire and military missions, due to its advantages,
Dynamic Modeling, such as a more extensive working space, high maneuverability, and load-carrying capacity has
PID Control. been used. One of the main challenges in controlling the tractor-trailer robot's speed is the tractor

drive’s dynamics. In this article, to complete the modeling after investigating the kinematic and
dynamic equations the tractor-trailer robot, coupled dynamics have been presented by considering
the dynamics of the tractor wheels. In the following, using the coupled dynamics, a suitable
controller has been designed to control the robot's speed to achieve the desired value and the
position point by point. Various simulations are presented to demonstrate the dynamic
performance and the proposed controller. According to the simulation results, the presented theory
improves the performance of the designed control system.

Extended Abstract

1. Introduction

high maneuverability to be used in various missions such as rescue, firefighting, and military applications in the past

decades. Wheeled mobile robots are one of the most common types of mobile robots. The structural features of the
mobile robot and the constraints governing the problem have led to the expression of non-holonomic constraints in the dynamic
equations of motion. Therefore, this type of robot has been the focus of many robotics researchers [1-3,4,6,14,15]. Mallahi and
Nazimzadeh presented the modeling of the nonlinear dynamics of the tractor-trailer mobile robot by considering the dynamics
of the wheels of the tractor robot. In the presented dynamic model, the number of generalized coordinates of the system has
increased compared to the previous modeling. Therefore, the tractor-trailer moving robot's inertia matrices and nonlinear forces
have been rewritten. The method of Lagrange coefficients has been used to extract dynamic equations. In the Lagrange function
of the system, the kinetic energy caused by the movement of the linearity and rotation of the wheels is considered. Then they
used the feedback linearization controller to control the robot in a path and the optimal controller to design the optimal path

[15].

In this article, the modeling of the nonlinear dynamics of the tractor-trailer wheeled mobile robot (TTWMR) is first
discussed. Then the dynamics of the wheels of the tractor robot are considered coupled with the extracted dynamics. Then,
coupled dynamics using a PID controller control the robot's position and speed to achieve the desired position and speed.

A mong the features of mobile robots compared to fixed robots, we can mention a more expansive working space and
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2_Methodology

In this part, the kinematic and nonlinear dynamics of the tractor-trailer mobile robot are presented. As it is shown in Figure
1, the robotic system consists of a leader tractor mobile platform driven by two independently driving wheels and a towing
trailer mobile robot with passive wheels.

bo

Figure 1. A tractor-trailer wheeled mobile robot

According to Figure (1), parameters of the tractor-trailer mobile robot are given as:c, and c; are the mass centers of the
tractor and the trailer robot, respectively; 2b, and 2b, are the distances between the wheels of the tractor and the trailer robot,
respectively; a, and a, are the distances between the wheels of the tractor and trailer to their center of mass, respectively; d is
the distance between points p, and py; 8, and 6, are the orientation of the tractor and trailer robots, respectively; «9',0 and 9'10
are the angular velocities of the right and left wheel of the tractor robot and 9r1 and éllare the angular velocities of the right
and left wheel of the trailer robot, respectively.

to describe all physical characteristics of the TTWMR including the wheel inertia, an innovative set of the generalized
coordinates are defined as g =[x y 6y 61]7. Therefore, the lateral and longitudinal non-slipping nonholonomic
constraints of the articulated wheeled mobile robot can be derived as:

AG=0 (1)
where A is the Jacobian matrix and can be written as:

sinf; —cosf; 0 d
1 1 ) (2)

sinf, cos6, 0 O

A(g) = (
The matrix S is defined in the null space of the Jacobian matrix A and calculated as:
cosf, 0
sinf, 0
Sl = ) 0 1 (©)
Esin(e0 -6,) 0
the nonlinear dynamic equations of the system can be achieved as the follows:
M@q+V(4,4) = E@ T+ AT@ 1 @

In which, M is the inertia matrix, the vector ¥ describes centrifugal and Coriolis terms of the system, 7 = [t» 7,]” denotes
the input torques exerted to the tractor wheels, E is the coefficient matrix of the input torques, and 1 is the vector of the
Lagrangian multipliers related to the nonholonomic constraints of the system. The matrices in Eq. 10 are obtained as follows:

my +my 0 —aympsind, —my(a; — d)sinf;
0 mg +my aymycosf, m,(a; — d)cosb,
M= —aymgsiné, aymeycosé, my(a; —d)? + 14 0 )
—my(a; — d)sind; m,(a; — d)cosb; 0 myad + 1,
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—agmycosby2 —my(a; — d)coselélz]

C= l[—aomosinﬂoég —m,(a; — d)sin6, 67 | (6)
0
| 0 |
cosf, cosf,
1(sing, sin@
B==|>""0 0 7
r| b —b U
0 0
to eliminate the Lagrange coefficients, the final equation is defined as follows:
M(@q+C(q,9) = B(@)t ®)
In which the parameters of M , C, B are defined as follows:
M = STMS ©)
C=ST(MSv+C) (10)
B=STB (11)

The block diagram of coupled dynamics with consideration of motor dynamics is shown in Figure 2.
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Figure 2. Tractor-trailer robot dynamics considering wheel dynamics

3. Discussion and Results

In this part, the speed control simulation of the tractor-trailer robot is discussed to achieve a reference speed of
100 rad/s for both the left and right wheels of the tractor. The open-loop response of the robot without considering
the controller is shown in Figure 4.
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Figure 3 Angular velocity of robot wheels without controller design
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According to the simulation result, the tractor robot's output speed is 50 radians/second, which has a significant error
compared to the desired input speed. Therefore, it is necessary to use a suitable controller to compensate for the error made to
achieve the desired speed. the speed of the robot using the proposed controller is shown in figure 5.
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Figure 4 Angular velocity of robot wheels using PID controller

According to the initial conditions for the tractor-trailer robot g = [0 0 f f], the robot's path is shown as a straight line
in Figure 6.
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Figure 5. Trajectory obtained using PID controller

4. Conclusions

One of the main challenges in controlling the tractor-trailer robot's speed is the wheel dynamics of the tractors. Therefore,
to solve the expressed challenge, the dynamics of the actuators are also considered in the dynamic modeling of the tractor-
trailer robot. In this article, the kinematic and dynamic equations of the tractor-trailer robot have been investigated. In the
following, according to the mentioned cases, the dynamic modeling of the robot actuators has been coupled with the robot
dynamics to complete the robot dynamics. After dynamic modeling of the robot using a suitable controller, the robot's speed
was controlled to achieve the desired speed. According to the simulation results, the presented theory improves the performance
of the designed control system. In the following, after the design of the controller, the control of the robot's position is discussed,
considering the coupled dynamics. The simulation results show the system performance improvement in the controller's design
to achieve the desired speed and position.
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Parameter Value Unit
Mass of Tractor and trailer my =09 m; =033 kg
Distance from wheels to center of the robot a,=0.029 a;, =0 m
Moment of inertia of Tractor and trailer I, =0.0035 I, =0.00078 kg.m?
Radius of wheels r =0.026 m
Mass of each wheel M,, = 0.005 kg
Moment of inertia of each wheel 1y, = 1,,,=0.00005 kg.m?

ISy o8 by Gl oy 390 3990 (6 y0lyl lasdin ¥ Jguer

Parameter Notation Values
Armature resistance R, 0.11130
Armature inductance Lg 0.001558 H
Field resistance Ry 84.91 01
Field inductance Le 13.39H
Field-armature mutual inductance Las 0.3406 H
Total inertial ] 0.2053
Viscous friction coefficient B, 0.007032
Coulomb friction torque Tf 5.286
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