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A B S T R A C T  

Velocity control of a ground robot is designed to obtain the current motion coordinate. Under 

the assumption of linear velocity and a fixed steering angle, the current motion coordinate of 

this robot can be defined. The closed loop control system is obtained by verification of DC 

motor model, design of speed controller by PI (proportional, and Integral) controller, and 

implementation of a kinematic model. A loop of PI controller is designed to provide a stable 

velocity to the system, and acquainted a current coordinate when the robot is started moving. 

The simulation and experimental results have demonstrated the functionality of velocity 

control of the mobile robot. 

Keywords: Linear velocity; steering angle; PI; mobile robot 

 

INTRODUCTION 

In the past years, mobile robots were designed with large size, heavy and require a high cost 

computer system in which they need to be connected via cable or wireless devices. 

Nowadays, the trend is to evolve with a small mobile robot in order to reduce in size, weigh, 

and cost of the system by using sensors, numerous actuators, and the controller that can be 

carried on-board (Bräunl, 2008). Mobile robots are built based on a good relation of both 

hardware and software. Generally, the mobile robots have the capability to move around in 

their environment without the need human intervention (Chen and Agrawal, 2013).  
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In this paper, velocity control of a mobile robot is designed by using a closed loop feedback 

mechanism such as PI controller, and mobile robot kinematic model. This robot moves on the 

straight line with a constant speed provided by the speed controller. Moreover, the robot 

kinematic model provides the current motion coordinate of the robot for the linear velocity by 

using speed controller and a fixed steering angle. The speed is set for the mobile robot in 

range between 9.99cm/s (0.36km/h) to 88.7cm/s (3.2km/h).  

According to the mobile robot which is designed with a simple velocity control by adjusting 

the PWM normally faces problems during movement such as the mobile robot cannot keep 

moving on straight line and difficult to control direction such as during the cornering left or 

right. Therefore, the speed controller is introduced in this work to make the mobile robot to 

have high efficient on maneuver system.   

Furthermore, this paper prepares three main procedures in order to control the velocity for the 

mobile robot such as DC motor model verification, design speed controller based on PI 

controller, and implementing a mobile robot with kinematic model to the system.  

MATLAB Simulink is used for simulation purposes, and Arduino Mega is a main 

microcontroller which is used to do the real-time experiments. The error between simulation 

and experimental results are very important to confirm that the proposed method is right to 

use in a motion robot system. The experiment conducted mainly to study the velocity 

efficiency at a straight line and turning of the mobile robot. 

 

Vehicle Mathematical Model 

According to a high efficiency result, a realistic idea from large scale mobile robots is to focus 

on bicycle-like robots. The bicycle-like robot is one of the most effective motion control 

method used to control the wheels of the robot (Sanchez-lopez et al, 2012). The mathematical 

models are usually used in a fixed frame environment or in frame where the robot moves to 

the desired path (Kloetzer and Ghita, 2010). Vehicle mathematical model utilised throughout 

this paper can be written in as 

 

𝑥′ = 𝑉 cos 𝜃 

𝑦′ = 𝑉 sin 𝜃 
(1) 

and  

𝜃′ =
𝑉

𝐿
tan 𝛾 (2) 
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Let assume the bicycle-like robot is moving with a longitudinal position x, a lateral position y, 

and an orientation .The linear velocityV and a fixed steering angle are the main component 

in this motion model. The distance between front and back wheels of the robot is can be 

defined as L. The bicycle model is commonly used for a four-wheeled vehicle is shown in 

Fig. 1 (Siciliano et al, 2013). 

 

Fig.1.The bicycle vehicle model 

 

However, the real-time experiment is demonstrated by using Arduino Mega as a main 

microcontroller. There is another important mathematical model which is used to define the 

real-time motion coordinate of the robot according to the left and right position of the back 

wheels. This mathematical model is known as the odometry, as in equations(3) and (4). The 

current coordinate of the robot are ', ', 'x y  . With Dr and Dl are the left and right position of the 

back wheels, respectively.Dc is the average position between left and right wheel. 

 

𝑥̇ = 𝑥 + 𝐷௖ cos 𝜃 

𝑦̇ = 𝑦 + 𝐷௖ sin 𝜃 
(3) 

and  

𝜃̇ = 𝜃 +
𝐷௥ − 𝐷௟

𝐿
 (4) 

METHODOLOGY  

1. Mobile Robot Concept 

The mobile robot is designed with 340mm width, 550mm length, and 75mm height. The 

distance between front and back wheel is 350mm. The body and hardware attachment of 

mobile robot can be found as shown in Fig. 2, (a) top view, (b) side view, and (c) drive motor 

attachment. The total weight of mobile robot is about 13kg including one transaxle motor and 

24v battery. The completed mobile robot for testing purpose is shown in Fig. 3, which the box 
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is used to carry microcontroller and driver motor. Furthermore, laptop is used as a power 

supply to microcontroller and a monitor to display data from microcontroller. 

 

 

Fig.2. The body of mobile robot and drive motor attachment (a) Top view, (b) Side view, and 

(c) Drive motor attachment 

 

Fig.3. The completed mobile robot for experiment  

The robot is controlled by using Arduino Mega 2560 as a main microcontroller, and drive 

components such as motor driver, rotary encoder, and servo motor. The schematic diagram of 

microcontroller connection with other components are illustrated in Fig. 4. 

 

Fig.4. The schematic diagram of microcontroller system 
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2. DC Motor Model Verification 

DC motor model is very necessary to design the speed controller. The main purpose of DC 

motor model verification is to define a proper transfer function for DC motor, which is a 

relation between input voltage and velocity at the output. Transfer function of DC motor is a 

main section for modeling of DC motor, that can be demonstrated in closed loop block 

diagram in Fig. 5. The electromagnetic force gain, Kb, and motor torque gain, Kτ. WhileR is a 

resistance, L is an inductance, B is viscous friction, and J is a rotor inertia (Babuska and 

Stramigioli, 1999). The transfer function of DC motor can be defined as shown in equation 

(5), which is in relation between DC gain K and time constant τ. 

 

Fig.5.  Block diagram of DC motor 

 

The first-order system may be described in terms of transfer function 

where Kis DC gain and τis time constant of 

DC motor.There are two experiments must be 

conducted in order to obtain the value of DC gain and time constant of DC motor transfer 

function. The first experiment is carried out by testing PWM versus 500 samples of velocity 

in cm/s. Then the data between those 500 samples of velocity and running time is plotted by 

using MATLAB in order to get a steady state velocity. The time constant can be defined at 

63% of the steady state velocity. 

The second experiment is used to define DC gain by testing 10 different PWM versus 500 

samples of velocity per each PWM. MATLAB is used to plot data in relation between PWM 

and velocity, then the steady state velocity for each PWM can be defined. The linear 

regression equation is used as a specific method to get the fitting curve between the steady 

state velocity and PWM, the linear regression equation is  

 

Y a bX   (6) 

 

where Y is the dependent variable on Y axis steady state velocity and X is the independent 

variable on X axis PWM. n is the number of collected sample,a is y-interception and b is the 

(s)
1

K
G

s



 (5) 
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slop of the line as shown in equation (7). Furthermore, DC gain K is the average value of 

between velocity and PWM can be calculated which is equal to b. The DC motor model on 

Simulink is shown in Fig. 6. 
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( )
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   

 

Fig.6. Block diagram of DC motor in Simulink 

 

3. The Design of Speed Controller based PI Controller 

In this research, the PI controller has been implemented as a main controller to control the 

speed from DC motor for the mobile robot. The proportional control KPis used to control 

signal respond to the error immediately. However, the error is not reduced to zero and the 

offset error is still inherently present. The integral control KIhas been used to remove the 

entire offset error in the system(Aly, 2011). Moreover, this design is also used to demonstrate 

the stability of mobile robot as suggested in Visioli, (2012). The block diagram of speed 

controller based on PI controller is shown in Fig. 7. 

 

 

Fig.7. Block diagram of speed controller 

 

Based on the digital control formula, the PI controller gain KPand KI  can be calculated by 

using the relation of PI controller transfer function and the DC motor transfer function. 

Furthermore, the settling time, the peak time, and the percent of overshoot are very necessary 

for the design of speed controller based on PI controller. The block diagram of speed 

controller in Simulink is shown in Fig. 8. The PI controller transfer function can be computed 

by 

(7) 
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(s) I
P

K
C K

S
   (8) 

The relation between PI controller transfer function and DC motor transfer function is  

 

2

(K S K )(s) C(s)
(s)

1 (s) C(s) (1 K K)S K
P I

P I

KG
T

G S K


 
     

(9) 

The response of the second order system transfer function is defined as 
2

2 2
(s)

2
n

n n

W
H

S W S W


   
(10) 

 

 

Fig.8. The block diagram of speed controller in Simulink 

 

The real-time experiment is proposed in this research to verify the accurateness of the PI 

controller. The Arduino code is used for the experiment. Due to real-time experiment, the 

comparison between simulation and real-time testing by using PI controller is needed to verify 

that PI controller can be used as the speed controller. 

 

4. Mobile Robot Kinematic Model 

There are two main inputs for this kind of robot kinematic model such as linear velocity and a 

fixed steering angle. Both simulation and real-time experimental result are necessary to be 

done in this research. The block diagram of mobile robot model is shown in Fig. 9. 

 

 

Fig.9. The block diagram of mobile robot 

 

In addition, the block diagram of mobile robot kinematic model is implemented by using 

MATLAB Simulink as shown in Fig.10, where the linear velocity is provided by using PI 

controller is 20cm/s (0.72km/h) and a fixed steering angle is 30o. Due to the mechanical 

design on mobile robot, the fixed initial point in at angle 80o. This mean that the fixed steering 

angle 30o is equal to 50o in coding to control servo motor direction. Moreover, the velocity 
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limit is started from 0.18km/h (5cm/s) to 1.8km/h (50cm/s) and the steering angle block is 

started from -45o to 45o. 

Furthermore, the real-time experiment is done by using Arduino code as a main 

microcontroller to control steering angle and linear velocity. The comparison between 

simulation and real-time testing are very necessary in this research. According to the tolerance 

design, the acceptable error must be less than 10%, and the motion curves must be in the same 

pattern. 

 

Fig.10. The bicycle model of mobile robot in Simulink 

 

RESULTS AND DISCUSSION 

1. Transfer Function of DC Motor System 

a) Time  Constant 

The experiment is done by running mobile robot for 5s to obtain 500 samples of relevant 

velocity. The relation graph between 500 samples of speed and running time for 5s is shown 

in Fig. 11, in which time constantτcan be calculated at 63% of steady state velocityequals to 

0.59s. This time constant is represent the speed with which the system is respond to change to 

reach 63% of its final value. 

 

Fig.11. The relation between velocity and running time 
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b) DC gain 

Table 1. Steady state velocity corresponding to PWM 

 

 

Then, another experiment is conducted to obtain DC gain, which the relation graph between 

PWM and velocity can be plotted by using MATLAB. Therefore, steady state velocity of each 

PWM can be obtained as shown in Table 1. Moreover, the linear regression parameter which 

is in relation between steady state velocity and PWM as 
2

2 2

2 2

3.37
( )

0.35
( )

y x x xy
a

n x x

n xy x y
b

n x x


  




 



   
 

  
 

 
(11) 

Therefore, the linear regress regression equation of PWM and steady state velocity can be 

obtained in equation (12), which DC gain can be known as the average value between the 

steady state velocity and PWM. In this case, DC gain is equal to 0.35. 

 

𝑌 = 0.35𝑋 − 3.37 (12) 

Finally, time constant τand DC gain K can be found. Therefore, the final DC motor transfer 

function can be written as  

0.35
(s)

1 0.59
G

s


  
(13) 

 

Furthermore, the relation graph between velocity and PWM = 200 can be plotted by using 

MATLAB Simulink, which is expressed the DC motor transfer function for mobile robot 

system as shown in Fig. 12.  
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Fig.12. The transfer function of DC motor curve 

 

Based on the graph in Fig. 11, the steady state speed of the input at PWM = 200 is 69.37cm/s. 

This steady state velocity value is demonstrated that the DC motor model verification is right 

for the system due to the comparison between the defined steady state velocity to the steady 

state velocity by using PWM= 200 in Table 1. Therefore, DC motor model is verified to use 

for mobile robot system. 

 

2. The Design of Speed Controller 

Speed controller is one of the main controller in this project. The speed controller is designed 

by using PI controller as a main controller, which has ability to provide the stable speed to the 

system. There are four main things of speed controller such as defining PI controller gains, PI 

controller simulation, real-time testing by using PI controller, and making a comparison 

between simulation and real-time testing result. 

  By using the digital control formula for PI controller which is relation between DC motor 

transfer function and PI controller transfer function, the PI gains can be calculated such as KP 

= 3.77 and KI = 17.03. Moreover, the comparison between simulation and real-time 

experiment is done by plotting simulation result together with real-time experiment result is 

shown in Fig. 13. According the error calculation by using the root mean square error 

(RMSE) function in MATLAB, the error can be found as 1.91%. Due to the error rate is very 

small and less than 10%, therefore the speed controller is successfully designed for the 

system. 
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Fig.13. The comparison between simulation and real-time testing using PI controller 

 

The blue curve is shown about the measured velocity curve which is obtained from real-time 

testing result. Besides, the red curve is dedicated to velocity curve which is done by 

simulation. Both curves are almost stick together in the same pattern. This graph is proved 

that the steady state velocity between simulation and real-time testing are really almost the 

same. 

 

3. Mobile Robot Kinematic Model 

By obtaining the result for simulation and real-time experiment. The comparison between 

simulation and real-time testing result is very compulsory to verify that the motion robot 

kinematic model can be used as a maneuver control system method. Moreover, the error of 

both results is very important in this section. The comparison between simulation and the real-

time testing is done by plotting both results together. According to the obtained result for 

simulation and real-time testing, the comparison graph between simulation and real-time 

testing can be plotted as shown in Fig. 14. 

 

Fig.14. The comparison between simulation and real-time testing velocities 
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Both curves are shown that the simulation and real-time testing has the same pattern curve 

within 10 seconds of mobile robot movement. Beside the same curve pattern, both curves are 

not fit together. The simulation result is demonstrated by the blue curve, and the real-time 

testing is plotted with red curve. Based on both curve, the movement in simulation is faster 

than the movement in real-time testing.   

However, the error between the simulation and the real-time testing can be found by using 

MATLAB code. By using MATLAB code, the error rate can be defined as 86.02%. 

According to the error rate is higher than 10%, the design of mobile robot kinematic model is 

needed some improvements in order to become a maneuver control method for mobile robot 

system.  

 

CONCLUSIONS 

In conclusion, the velocity control of a mobile robot is successfully designed by using speed 

controller and mobile robot kinematic model. The current motion coordinate can be defined, 

however the improvement should be made on mobile robot kinematic model to make 

simulation and real-time testing more accurate than this. 
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