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Abstract—This paper deals with the simulation works for 

modelling two DC motors and controlling the path position of 

two wheeled mobile robot based on odometry to track robot 

movements. The mathematical models of the DC motors which 

are the main actuators for the robot are obtained by using 

Matlab System Identification Toolbox. This identification process 

acquires observed data consisting of input voltage and output 

speed of each motor obtained during open loop experiment. The 

open loop response of the resulted mathematical model of the 

motor is then compared to that of its respective original motor. 

The position controller of the robot has both inner loop speed 

feedback and outer loop position feedback. The Proportional, 

Integral and Derivative (PID) controller is utilized in speed 

controller part to regulate the speed of the motor, while the 

Proportional controller is used in position controller part to track 

the position of the robot. The orientation angle of the robot is 

calculated using odometry formula. The difference between the 

orientation angle of the robot and the target angle is called the 

orientation angle error. This error is used to adjust the speed of 

each motor such that the robot can be moved straight to the 

target point.  

Keywords—two-wheeled mobile robot, Matlab system 

identification toolbox, and motor open loop experiment 

I. INTRODUCTION 

Wheeled mobile robot (WMR) is a kind of robot in which 
its movement is based on driver wheels commonly actuated 
using electrical motors. Recently, wheeled mobile robot has 
been used in many applications. In dealing with the covid-19 
cases, different wheeled mobile robots have been deployed, 
such as for supporting healthcare staffs for taking care of the 
covid-19 patients with less contact and helping healthcare 
delivery [1], avoiding close contact between healthcare staffs 
with patients when performing oropharyngeal swab (OP swab) 
[2], monitoring social distancing between humans in crowded 
area [3], and performing various logistical tasks and  
disinfection of indoor areas using the UV-C light in both 
industrial and civil environments [4]. The number of wheels 
used in mobile robot mainly depends on its robot design, 
weight and application. The wheeled mobile robots can have 

two wheels [5-8], three wheels [9-11], four wheels [12-14] and 
six wheels [15-17]. 

Mobile robots require a navigation system to guide the 
robot in moving from one location to another. Robot navigation 
commonly uses path planning system, where the robot uses 
odometry-based position sensors and direction sensors to guide 
the robot orientation, so that the robot knows its position at all 
times. The common sensor used in the odometry system is an 
encoder installed on the wheel axle [18]. 

The type of drive that is commonly used is a two-wheel 
differential drive equipped with a free wheel (castor) for 
balancing the robot [19-20]. The movement of this mobile 
robot is based on two separately driven wheels placed on either 
side of the robot body. Each wheel is actuated by a DC motor. 
Its steering motion is mainly performed by controlling the 
rotation of the two wheels. This mobile robot with a differential 
drive system is categorized as a robot with a non-holonomic 
mechanism [7], because the limited movement of the robot 
which only moves in the same direction as that of the wheel 
rotation. 

To control the movement of the robot, an Arduino Uno 
microcontroller is needed.  This microcontroller board is based 
on ATMega328. In processing the motor identification system, 
Arduino Uno is used to obtain experimental data on open loop 
motor, namely by actuating the motor, reading both the motor 
input voltage and the motor shaft rotational speed. In this case 
the Arduino is programmed using the Arduino IDE software. 
Some of the applications using the Arduino Uno are for 
teaching mobile robots [21] and indoor position tracking 
systems [22]. 

Simulation works can be used as a viable solution to 
understand the behavior of the robot movements in advance 
before the robot is tested on the real track. Some simulation 
works dealing with the movement of the wheeled mobile robot 
[19]. This paper focuses on the simulation works to control the 
movement of the robot such that it moves straight to the target 
position with minimum position error. The simulation works 
deal with two different DC motors that drive the robot’s 
wheels. The mathematical model of each motor is obtained 
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using Matlab’s System Identification Toolbox, by first 
obtaining both the voltage input and the speed output of the 
motor during open loop experiments. During this experiment, 
the two wheels of the mobile robot are attached on a dummy 
free wheels acting as a roller dynamometer which represents 
the real track of the robot. The Proportional Integral Derivative 
(PID) based position controller for each DC motor is designed 
and implemented through simulation using Matlab/Simuilink. 
Its position controller performance is observed based on its 
steady state error of the robot orientation angle. 

II. SYSTEM DESCRIPTION 

In this study, the two wheeled mobile robot is designed and 
developed to have two driving wheels installed on the right and 
left sides of the center of the robot body and two free wheels 
(castors) attached on the front and back sides of the robot body.  
Each wheel is actuated by a DC motor (MOT-R, MOT-L) 
equipped with two channel encoders (ENC-R, ENC-L). The 
DC motor used in this robot has a maximum speed of 100 rpm 
(12 Volt DC), with a speed reducer gearbox of 74.83 and an 
encoder of 11 pulse-per-revolutions (pprs), so that the total 
pulses per one rotation of the motor output shaft is 823.1 
pulses. Each of the robot motor is driven by an H-bridge motor 
driver (DRV-R, DRV-L) which acts as interface unit between 
the microcontroller and the DC motor. An Arduino Uno 
microcontroller is used as a main controller for this robot 
system. The microcontroller reads the encoder sensors, controls 
the dc motor, and transfers the sensor data to the computer via 
USB port. The computer is used to program the 
microcontroller, to log the sensor data from microcontroller, to 
carry out the motor identification process using Matlab’s 
System Identification toolbox and to run control simulation 
using Matlab/Simulink. The block diagram of this system can 
be seen in figure 1. 

 

Fig. 1. Block diagram of the electronic system.  

 The simple test rig for the two wheeled mobile robot is 
developed. It consists of two free dummy wheels, where the 
two robot wheels attach on them and transmit the speeds.  The 
test rig also has four linear slide bearings attached on its 
vertical lead rods which ensure the robot moves freely on 
vertical axis and the full load robot is fully supported on the 
wheels’ test rig. By assuming that no slip will occur between 
the robot wheels and the dummy wheels, the speed of the robot 

will be determined using the encoder sensors attached on the 
motors. This test rig represents the robot track, so it gives the 
flexibility for the user to modify and test the program for the 
robot before it runs on the real track. This test rig can be seen 
in figure 2. 

Dummy Free 

Wheel

Two Wheeled 

Mobile Robot
Linear bearing

Linear bearing

 

Fig. 2. Two wheeled mobile robot test rig. 

III. METHODS 

Each DC motor of the robot is tested in open loop 
experiment to obtain the observed data for system 
identification process.  In this case the microcontroller triggers 
the input of the DC motor with a 12-Volt DC voltage, reads the 
speed of DC motor via encoder and transfers the data to 
computer via USB serial port.  The mathematical model of the 
DC motor is then performed by utilizing System Identification 
Tool box in Matlab, as seen in figure 3, by selecting the second 
order transfer function as its output result. This process imports 
the observed data file consisting of time, input voltage of the 
DC motor and output speed of the dc motor shaft.  This 
resulted transfer function represents the mathematical model of 
its respective motor. In simulink environment, this transfer 
function is then tested in open loop mode by using the 0-to-
12V unit step input. The output speed response of this test is 
compared to that of the real dc motor open loop experiment.  

Based on this DC motor transfer function, the PID based 
speed controller is designed and implemented in 
Matlab/Simulink with the speed set point of 100 rpms. The PID 
parameters of this speed controller are finely tuned such that its 
output speed response results in no overshoot and no steady 
state error. The Proportional (P) position controller is then 
constructed based on this PID speed controller, in which the 
output of P position controller is used as set point for the speed 
controller. There are two feedbacks implemented on this 
position controller. The inner feedback is the speed feedback 
for the speed controller, while the outer feedback is a position 
feedback for the position controller. The output of position 
controller is a distance travelled. The motor output speed is a 
rotational speed (ω) in rpm.  If the radius of the robot wheel (r) 
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is known, then its linear distance travelled (d) for time (t) can 
be determined using equation (1). This distance information is 
used in position feedback for position controller. The P 
parameter of this position controller is finely tuned such that its 
output position response results in no overshoot and no steady 
state error. The various set points of 100 cm. 300 cm and 500 
cm are selected to test the performance of the P position 
controller for both right and left motors. 

 

Fig. 3. System identification tool window.  

 (1) 

Where d [cm],  [rpm], r [cm] and t [second]. The 
independent movements of both right and left motors might 
cause an error in robot orientation angle, if the distance 
travelled performed by each motor is not the same for every 
sampling time. Figure 4 shows the illustration of the robot’s 

orientation angle ( ) during movement from position P0 to P1 

with the average distance travelled of , which can be 
calculated using equation (2)  and the orientation angle can be 
determined using equation (3). The center position of the robot 
is initially at P0. The global horizontal axis is XG and vertical 
axis is YG. During moving, the robot horizontal axis is XR and 
vertical axis is YR. 

 

 

Fig. 4. Angle of orientation.  

 (2) 

 (3) 

Where  and  are distance travelled by left motor and 
right motor, respectively, and L is the distance between the 
motor and the center point of the robot. 

IV. RESULTS AND DISCUSSION 

The mathematical models of both left and right DC motors 
for this two wheeled mobile robot, in the form of transfer 
functions, which are obtained from system identification 
process using System Identification Toolbox in Matlab are 
represented in equation (4) and (5), respectively. 

(s)  
(4) 

(s) 
(5) 

Where  and  represent speed output of the left and 

right motor respectively,  and  represent voltage input of 
the left and right motor respectively. 

The open loop responses of both the experimental and 
mathematical model of each DC motor are shown in figure 5. 
In figure 5(a), for the left motor, the average error percentage 
of the mathematical model compared to that of the 
experimental one is about 5.35%. The maximum speed of the 
original left motor is 109.34 rpm, while the maximum speed of 
the left motor mathematical model is 106.6 rpm.  In figure 5(b), 
for the right motor, the average error percentage of the 
mathematical model compared to that of the experimental one 
is about 4.75%. The maximum speed of the original right 
motor is 109.34 rpm, while the maximum speed of the right 
motor mathematical model is 105.9 rpm.   

 

Fig. 5. Open loop responses (a) left motor (b) right motor.  

The simulink program of the Position Controllers of both 
left and right motors of the robot can be seen in figure 6. Both 
position controllers incorporate the PID speed controller with 
the proportional gain (Kp_s) of 0.8, integral gain (Ki_s) of 
0.45, and derivative gain (Kd_s) of 0.05, while the proportional 
gain for P position controller (Kp_p1) is 0.4. The output 
responses of the position controller for both left and right 
motors for set points of 100 cm, 300 cm and 500 cm can be 
seen in figure 6. The results, as seen in figure 7, show that all 
the responses show good results with no overshoots and no 
steady state errors.  
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The orientation angle of the robot during traveling in 
horizontal direction straight from position 0cm to 500 cm is 
shown in figure 8. From figure 8, it can be seen that the 
orientation angle is ranging from -0.033º (counter clock wise) 
to 0.069º (clock wise), with its steady state value of about -
0.01º. It can be said that the orientation angle of the robot due 
to the proposed P position controller is almost 0º. 

 

Fig. 6. Position controller.  

 

Fig. 7. Position controller response (a) left motor (b) right motor.  

 

 

Fig. 8. Angle orientation of robot. 

V. CONCLUSION 

The simulation work of P position controller which 
incorporates PID speed controller for both DC motors of the 
robot is implemented successfully. This work carries out a 

system identification process for each motor to obtain its 
mathematical model in the form of a second order transfer 
function by utilizing System Identification Tool box in Matlab. 
This resulted model is then tested and compared to that of the 
real dc motor open loop experiment. The P position controller 
which incorporates the PID speed controller performs 
adequately for set point of 100 cm, 300 cm and 500 cm, with 
no overshoot and no steady state error. The orientation angle of 
the robot during traveling straight from its origin point 0 cm to 
500 cm due to the proposed P position controller is almost 0º. 
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