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Abstract This work describes the study of modeling and
controller on wheeled mobile robots designed the motors
which is driving the wheels. According to the structure and
design of wheeled mobile robot, DC motors are the best
suited for the motion control. The kinematical model is
required for the designing process of the wheels in the
WMR. The analysis of the mathematical model is divided
into angle and velocity of the dc motor build in wheeled
mobile robot because of the importance of motor parame-
ters for stability. The main focus of the work is to develop
an efficient controller to control the speed of the dc motor
applied in the wheels of the robot. PID tuning has been
implemented in designing of the controller for the speed
control of dc motor. The open loop and closed loop per-
formance of a two wheeled mobile robot with PID and
LQR controllers are obtained and compared by using
MATLAB programs and simulations.
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1 Introduction

Mobile robots are seems to be everywhere in today’s sce-
nario and are used in huge variety of applications. The
work of mobile robot is to give the command to finish the
operation or any task. Legged robots design and control is
complicated in comparison to the wheeled mobile robots.
Robot motion is alteration or refashioning of awareness of
the elements of physical environment.

Two wheeled mobile robots are more beneficial in
comparison to other mobile robots and easily controllable
in comparison to the legged robots. The appropriate anal-
ysis of parameters is required for the control of motion
which includes the derivation of kinematic model to study
the behavior of mechanical system. Since the wheels of
mobile robot directly influence the movement of the robot.
We can generate free paths through road map or cell
decomposition in accustomed environment. Robot should
have a very important feature which can adapt its charac-
teristic to handle any type of situation.

The document mainly focuses on the velocity control of
dc motor applied in the wheels of the two wheeled mobile
robot. The TWMR has been assembled with the wheels and
controller which is consists of motor, driver and controller.
This study presents the speed control of wheels of the
mobile robot by controlling the speed of motor. First a
mathematical model has been derived for a dc motor in the
terms of angle and velocity of dc motor. Then simulink
model of dc motor has been designed in MATLAB and its
response has been modified by using various control
techniques. Then the speed of the dc motor has been
controlled by PID Controller and LQR (linear quadratic
regulator) controller. In last section the comparison of both
the techniques is presented.
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2 Literature survey

The Kalman filter is used to reduce the existing excursions
and for getting the angular position of the links. Input
tracking can be used to catechize the interpretation of the
PD-Fuzzy and PID controllers. A difference between the
PD-Fuzzy and PID for the stasis control of an elongated
and outstretched dual link of the TWMR has been dis-
cussed in [1, 2].

Round pipes or ducts that are usually represented by
cylindrical workspace are often maintained by wheeled
mobile robots (WMR). On the basis of this analysis, screw
theory forms an important tool and is used to analyze the
dynamic behavior of wheeled mobile robots in cylindrical
workspaces.

The law of control on the basis of two axis measuring
instruments facts is put forward which can lead the robot to
move parallel in round pipes or ducts. Simulation of the
movement of the single wheel totally scrolling in the
cylindrical workspace has been done in [3-5] (Fig. 1).

Non-linear and unstable characteristics of wheeled
mobile robot arises interest in researcher that intensively
providing assistance to the human for performing their
regular exercise or tasks, for human transportation, for
teaching objective and assistance robotics [6—10]. Initially
there are so many hurdles comes to designing of controller.
For the solution of wheeled mobile robot control issue
experiments of various controlling techniques have been
done. Feedback linearization approach is also used for
solving non-linear system, so that we can applied linear
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Fig. 1 Two wheeled dc motor assembly with wheel and controller
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laws to non-linear system [11-14]. A lot of studies have
been made aiming at tracking trajectories accurately,
including methods of optimal control, robust control,
adaptive control, back-stepping control, neural networks
control and integral sliding-mode control [15-17].

This paper is organized as follows: In section III we
describe the mobile robot, section IV describes controller
design, and section V presents simulation results. Finally,
the conclusion is presented in section VI. In this document
we have designed various linear controllers for the system
and applied to it. Slipping and cornering forces are con-
sidered negligible in designing mathematical modeling of
wheeled mobile robot.

Mathematical Modeling.

The equivalent circuit of DC motor can be represented
in electromechanical for the wheeled mobile robot case.
The equivalent circuit diagram of electromechanical sys-
tem of the motor is shown in Fig. 2.

R, is the equivalent resistance and L., is the equivalent
inductance of the coil of the dc motor. Torque of the motor
is taken as 7 and the input voltage of the dc motor has been
taken as V.

The equations of the system are as follows:

The torque equation of dc motor in the form of armature
current and the constant is:

T=K=xi, (1)

The relationship between angular velocity ®,, and
generated voltage e, is given by

do
a:Km:K_ 2
e w (dt> (2)

Fig. 2 Equivalent circuit diagram of the dc motor
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By applying Kirchhoff’s law and Newton’s law in the Table 2 Comparison of parameters

Fig. 2, these expressions can be obtained. Parameter OLTF CLTF P PI PID LQR
]@ n bd—e —Ki (3) Rise Time 40.5 0.73 0.90 054 017 1.29
de? dt “ Settling Time 72.6 3.83 3.07 322 216 2.06
di, do Peak Value 43.4 117 LIl 128 1.03  1.00
Ly TRa=V-K (4)  Peak Time 1349 166 198 127 121 301
. . . Overshoot (%) 0 1947 1391 2779 266 0.36

‘ These eqyatlons are converted into tl'le following equa- Settling Min 392 0.90 089 092 090 091
tions by taking the Laplace transformation. Settling Max 434 117 111 198 103 10l

Js?0(s) + bsO(s) = KI(s) (5)
LsI(s) 4+ RI(s) = V(s) — Ks0(s) (6)

From (5) I(s) = %9(5)
As = 0y = () > W,u(s) = s0(s)

From (6) (% e(s)) (Ls + R) = V(s) — Ks0(s)

2 s s> +bs
0(5){1( + (L. +1§)(J +b)}v(s)
Now By solving these equations, we get
B 0(s) B K
Gols) = V(s)  {s[(R+Ls)Js+b)+K|} )
Gu(5) = ) < )

V(s) {[(R+Ls)(Js+b)+K*]}

For a 12 V dc motor considering the number of turns of
the motor N = 5000 rpm and power is 8 watts. Let us
consider the inertia of rotation is to be J = 0.01.

Then K can be calculated K as

V¢ 22N
= — = — 9
K 60 ®)
The value of constant K is 0.023 and the angular
velocity is 524rad/s.
The calculations for the torque 7 is

P
=—=1527mNm.
T W mNm

Om

(10)

The specifications of the parameters in the dc motor of
wheeled mobile robot are given in Tables 1, 2.

Table 1 Specification of the parameters of WMR

Parameter  Description Value Units

L Inductance 0.5 Henry

J Rotational Inertia 0.01 Kgm2

B Viscous Friction coefficient ~ 0.00003 Nm-sec
Vi Terminal voltage 12 Volt

K Motor torque constant K=0.023 Nm/Amp
R Terminal Resistance 1 Q

3 Controller design

By using the overall transfer function of DC motor in terms
of angle and velocity, the step response of the dc motor is
shown in Fig. 3.

Settling time for open loop step response is 72.58 s.
which is very large. The closed loop step response is shown
in Fig. 4. Settling time for closed loop step response is
3.83 s. which yield a good result as compared to open loop
transfer function but also we got overshoot here which we
tries to minimize by using controller.

A. P-Controller:
Output of the proportional controller is given by the
multiplication of controller gain and plant function.

Con(t) = kye(t) (11)

Here Con (t) is the controller output.
B. PI-Controller:
Output of the proportional integral controller is given
by:
T

Con(t) = kpe(t) + K,-/Oe(r)dr

(12)

Integral term contains product of integral gain and
summation of errors. It improves the steady state
response.
C. PID Controller:
Output equation is given by following equation:
T de(1)

Con(t) = kpe(t) + K,-/ e(t)dt + KdT
0

(13)

Here e(t) is dissimilitude of the desiderate reference
points and current proportion (process variable mea-
surement), 1(t) is the input reference. k,, K; and K are
proportional gain, integral gain and derivative gain
respectively of a PID controller.

We have designed a PID feedback controller. The
transfer function of the PID is given as
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Fig. 3 The step response of

open loop dc motor o

Open loop step response of the system
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Fig. 4 The step response of
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LQR controller:
It stand for Linear Quadratic Regulator. It can be
applied to linear systems or linearized non linear
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systems. State-Space model of a linear system is given
by following equation:

X=Ax+ Bu (16)
y = Cx + Du (17)
For optimal control approach, we have to find a state

feedback law that minimizes the cost function given
by:
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Fig. 5 step response under P Step Response with P controller
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Fig. 7 step response under PID PID controller response
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|
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1>, r F. PI-Controller
I=3 / | ' ov+ UTRU)di (18) Best value of k, and K; is 1.502 and K, is 0.06034
o _ o respectively. Response is given in Fig. 6.
Here Q and R are weighting matrix which include Here response shows oscillatory nature and peak value

weight on states and control input respectively.

PID controller response

. ) /TN —CLTF
4 Results and discussion / —— PIDRESPONSE

PID Controller has been applied to the DC motor to control f e 5
the motor’s speed and improving the performance. Fig-
ures 5, 6 show the model and response of PID controller |
applied to the DC motor and its response. Figures 7, 8 e
show the model and response of PID controller applied to !
both the motors. Figure 9 shows the linear quadratic
response of the motor. The complete analysis shows that
the LQR is giving better performance in comparison to PID
controller. According to our design constraint with
increasing value of we k, get the oscillatory response ]
which is not desired at all and for decreasing value of k, i
settling limit is not in designing range. ‘

Welocity(m/sec)

E. P-Controller “‘c“
Using pid tuner we get k,=0.7482. Response under P 2y I
controller is given in Fig. 5.
According to our design constraint with increasing /
value of k, we get the oscillatory response which is not 04 ‘
desired at all and for decreasing value of k, settling

Time (seconds)

limit is not in designing range.
Fig. 8 step response of PID controller of close loop transfer function
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Fig. 9 step response of system
under LQR controller

Velocity{m/sec)

is also high so now we introduce D factor in it to
compensate the problems encountered in PI controller.
G. PID-Controller
Again using pid tuner we get the value of gains k,, K;
and K, which are 5.404, 2.69 and 2.713 respectively.
Response for the controller is given in Fig. 7. Close
loop system and System under PID controller can be
viewed in Fig. 8 simultaneously.
Robustness of system is a problem. Also we can only
control one state at a time. If we want to control
position as well as velocity simultaneously we will go
for state feedback system.
H. LQR-Controller
Since our system is controllable so now we can design
state feedback system with K i.e., gain matrix by
providing a command K =Iqr (A, B, Q, R). Q is
selected by using y = 21 and R = 1. Response can be
seen in Fig. 9

This response shows less settling time as well as less
overshoot in comparison to P, PI, PID Controllers.

LQR Response using step input
T I 1 | T | I

Time (seconds)

5 Conclusion

The mathematical model of the simplified DC motor is
taken and simulated; P, PI, PID controller and a LQR have
been designed for improving the performance. A differ-
ential drive wheeled robot application is presented with
simulated model in simulink and in editor command win-
dow. Various controllers are designed for improving the
performance. PI gives oscillatory response but PID has
compensated it and provided good results. LQR yields
better result as compared to all the controllers used in this
work. Overall analysis shows that the LQR is giving better
performance than P, PI, PID controller. It can be analyzed
from the plots that system has been settled in the half of the
time in comparison to the PID controller. Future work
involves fuzzy controller. More number of observations is
needed to be performed for the evaluation of the robustness
of the system. Future work will also consider the friction on
wheels as well as slippage and use of non-linear controller
for designing purposes.
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