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Abstract

Introduction: The incorporation of mobile robots into STEM education is gaining prominence.
This study addresses the integration of mobile robots in educational settings, specifically focusing
on Science, Technology, Engineering, and Mathematics (STEM) education. The aim of this thesis
is to set the parameters of the proportional, integral, and derivative (PID) controller tuner in
MATLAB for optimal control outcomes and to assess the overall effectiveness of mobile robots
for educational purposes.

Methods and Materials: This research utilized a comprehensive methodology, including the
comparison and evaluation of various mobile robots based on compatibility, features, and
programming languages. It involves fine-tuning the PID controller parameters in MATLAB to
optimize the control outcomes. The methodology assessed the overall effectiveness of mobile
robots in enhancing educational outcomes.

Results: This study suggests that mobile robots have the potential to significantly enhance STEM
education. After comparing various robots, MBOT Ranger was found to be the best option, with a
considerable 38.6% advantage in terms of compatibility, affordability, design, programming
language support, and features/power source. The implementation of the PID controller in
MATLAB improved the performance in terms of the distance measurement accuracy and stability,
particularly in situations where holding and balancing are required.

Conclusion: The research found that mobile robots in education improve STEM education and
critical thinking. To choose the right robot, consider features, programming languages, and long-
term impacts. Manufacturers and developers should keep innovating to meet educators' and
students' needs. Educators should carefully assess and adopt robots to enhance STEM education,
focusing on optimizing control outcomes with PID controllers in MATLAB.
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INTRODUCTION
1.1 Background

In recent years, mobile robots have gained significant attention for their potential use in
educational settings, particularly in the fields of Science, Technology, Engineering, and
Mathematics (STEM) education. These robots offer a distinctive and interactive learning
experience, fostering student engagement with complex concepts and the development of critical
thinking skills. However, to unlock the full potential of mobile robots in education, it is imperative
to acknowledge existing challenges and explore innovative approaches to enhance their

effectiveness[1].

The integration of mobile robots into educational settings presents several challenges, with a
primary focus on three critical aspects: The need for standardized guidelines and frameworks for
seamlessly incorporating mobile robots into the curriculum [2]. Educators grapple with aligning
the use of robots with learning objectives and assessing their impact on students' academic
performance. The high cost of mobile robots and their limited availability in educational
institutions further hinder their widespread adoption. Moreover, there is a pressing need to address

the training and support required for educators to effectively utilize mobile robots in classrooms.

The lack of consensus regarding the most effective programming languages and platforms for
teaching robotics is another significant challenge. Different robots support various programming
languages, such as Scratch, Python, or Arduino C, making it challenging for educators to select
the most suitable option. Additionally, the limited availability of comprehensive educational
resources and lesson plans for mobile robots restricts educators' ability to integrate them effectively
into their teaching|3]

To fine-tune the Proportional, Integral, and Derivative (PID) controller in MATLAB to achieve
the desired control outcomes is a crucial aspect that demands attention. The optimization of control
outcomes through MATLAB is essential for ensuring a seamless learning experience with mobile
robots. Existing studies have aptly identified these challenges and proposed insightful solutions.
Hudson [2] highlighted the need for clear guidelines and pedagogical frameworks for integrating
mobile robots into educational settings, emphasizing the alignment of robot activities with

curriculum goals. Researchers such as Kargar Tasooji and Marquez [4] have discussed the importance
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of providing educators with comprehensive training in programming languages and platforms to
enhance their confidence in using mobile robots. They emphasize the need for the development of
standardized educational resources that align with curriculum standards. Moreover, Fumagalli,

Huber, Dymczyk, Siegwart and Dubé [5] explored the effectiveness of different programming

languages in teaching robotics, suggesting the integration of multiple languages to cater to diverse

student needs.

The primary objective of this study is to explore and evaluate the effectiveness of this collaborative
network approach in enhancing the utilization of mobile robots for educational purposes. By
addressing existing challenges and providing educators with the necessary resources and support,
this approach aims to promote the widespread adoption of mobile robots in education and improve
students' learning outcomes in STEM subjects. The emphasis on fine-tuning the PID controller in
MATLAB aligns with the broader goal of ensuring optimal control outcomes for a holistic and

effective learning experience.

1.2 Problem Statement

The integration of mobile robots into education presents numerous challenges and opportunities
that require thorough exploration and understanding. Educators and researchers must understand
the potential benefits and limitations of using mobile robots for educational purposes to make
informed decisions and effectively address these challenges[6-8]. The investigation involves a
multifaceted approach, encompassing the comparison of different mobile robots used in
educational settings, the evaluation of their compatibility, features, and programming languages,
the assessment of the overall effectiveness of utilizing mobile robots for educational purposes|[s,
9-12], and the nuanced task of fine-tuning the Proportional, Integral, and Derivative(PID)
controller in MATLAB to achieve the desired control outcomes[13, 14]. The research seeks to gain
a profound understanding of the imperative need for comprehensive training and support for

educators, and the intricate process of fine-tuning the PID controller in MATLAB.



1.3 Research Objectives

1.3.1 Main objective
The main objective of this thesis is to improve educational practices by comparing various
mobile robots, refining the PID controller in MATLAB, and evaluating the overall utility of

mobile robots in educational environments.

1.3.2 Specific objectives

i) To compare the different mobile robots used in educational settings.
i) To fine-tun the PID controller in MATLAB to achieve the desired control outcomes.
iii) To assess the overall effectiveness of mobile robots for educational purposes.

1.3.3 Research questions

i) How do different mobile robots compare in terms of their compatibility, features, and
programming languages?

i) How can the PID controller of the MATLAB be fine turned to achieve the desired control
outcomes?

iii) How effective are mobile robots for enhancing STEM education and fostering critical
thinking skills?

1.4 Significance of the research

This study holds significance in advancing the current understanding of the use of mobile robots
as educational tools, aligning with specific objectives. By systematically comparing various
mobile robots and fine-tuning PID controllers in MATLAB, the research aims to provide educators
and researchers with valuable insights into the effectiveness of these technologies. This will
empower decision-makers to make informed choices when selecting and implementing mobile

robot programs in educational settings.
1.5 Scope of the research

This study investigates the use of mobile robots as instrumental tools for fostering educational

development, with a focused emphasis on STEM education. Aligned with specific objectives, the
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research delves into the comparison of various mobile robots used in educational settings,
scrutinizing their conformity, attributes, and programming languages. Furthermore, the study
extends its scope to include the fine-tuning of PID controllers in MATLAB to achieve desired
control outcomes, a crucial aspect for optimizing the performance of mobile robots in educational

environments.



LITERATURE REVIEW
2.1 Introduction

This literature review provides an overview of previous studies and research related to the use of
mobile robots in educational settings. It explores the definitions of the key terms and establishes a
foundation for understanding the concepts and applications of mobile robots for educational

purposes.

2.2 Definitions of key terms

Table 1:Definitions of key terms

Keyword Explanations

Mobile Robots  Robotic devices designed to move and operate autonomously or semi-

autonomously[4-6].

Educational Utilization of resources and tools for learning, teaching, and educational
Purposes activities[10, 12, 15-19].
PID A PID (Proportional — Integral — Derivative) controller is an instrument used by

control engineers to regulate temperature, flow, pressure, speed, and other

process variables in industrial control systems[13].

2.3 Theoretical literature review

2.3.1 A Comparative Analysis of Mobile Robotics in Education

Mobile robotics in education has gained reputation as an effective tool for engaging students in
STEM (Science, Technology, Engineering, and Mathematics) subjects. This literature review aims
to compare the features of four prominent mobile robots used in educational settings: MBOT
Ranger, LEGO Mindstorms EV3, Arduino Robot, and Ozobot Evo. The analysis was based on
several key factors, including compatibility, price, configuration and design, programming

language use, features, and power sources[17].



Table 2:Comparison of the different Mobile robotic in education use purposes

NAME Configuration [Programming [Features
OF Compatibility [Price and language use And power
THE ROBOT Design source
Itis fully It is cheap and|lt is designed in| Use the block  [It is flexible and
MBOT compatible with |more the three-in-onelbased graphical |included with
RANGER [17] [mBlock which jaffordable.  fassembly programming \various sensors
used for the design of the  |(scratch), Arduinojand module with
scratching the robot. C, Pythonand  |power
graphical Matlab. rechargeable
programming batteries.
Itis very It is included with
LEGO It is compact expensive but It is free Python \various sensors
MINDSTORMS with EV3 bricks |offer the building design [programming,  |with multiple
EVE3 [10, 11, 17,Mindstorm extensive which can buildjand scratch. motors and has
20-23] Firmware ability in \variety robots IAA batteries
uses. type.
ARDUINO Has compact Ithas alow |Itis flexible  |Usesan Arduino (It has
ROBOT [17, 20, with visual level depend upon  |IDE and C/C++, |communication

programming

22] programming  |of effective  [the Kit or scratch and module; actuator
which is called [cost and component Python and its power
Blocky. affordability [used. source depend on

the work chosen.

0ZOBOT EVO (It is compact It is cheap and|lt is one way |Itis used an evo (It is merged with

ROBOT [17] with an Oz affordable, |designing with |blocky program [sensors, colour
blocky and precise colour [as same as codding and
colour code for code design.  [scratch. rechargeable

batteries source.




It is compatible [Expensive, it |Has less Itis Edu It is design with
SPHERO with Edu varies configuration infapplication for thespherical design,
ROBOT [17] application according to |physical form. [scratch and can belcome with
software the robotic programmed by |various sensor
functions and java script. and rechargeable
features. batteries power
source

2.4 Selection of the best mobile robots for education use

The comparison analysis presented in this study involves two main components: priority trade-

offs and pairwise comparisons of the options for each criterion.

Compariso..
Compatibility Price Configurati... Programmi... Features an...
0.311 0.26 0.158 0.172 0.1

Figure 1:Comparison Analysis in tree diagram

2.5 Priority Trade-offs

The initial step involves comparing the importance of each criterion against one another. The
results revealed the prioritization of criteria in the following order: Compatibility, Price,
Configuration and Design, Programming Language Use, and Features and Power Source. The

consistency ratio was calculated as 0.085, indicating a satisfactory level of consistency in the

judgments[24-26].



Table 3:Priority Trade-offs of criteria

£ S 23 - &

= 2 = §=

2 s o5 E o S 3

2 g ES g2 &

£ 8 1= > 5 £ 2 5

5] = e 2 °S £ 8 3 =«

o a O © o & 0L a o
Comepatibility 1 2 2 2 2 0.310662671
Price 0.5 1 2 3 2 0.25974692
Configuration and 0.5 0.5 1 0.5 3 0.157968698
Design
Programming language 0.5 0.333333333 2 1 2 0.171834832
use
Features and Power 0.5 0.5 0.333333333 0.5 1 0.09978688
Source
* Consistency Ratio 0.085

calculated as

2.6 Pairwise Comparisons

The subsequent phase involved comparing options within each criterion, utilizing a scale from 1

to 9. The priorities derived from these comparisons provide the overall ranking of mobile

robotics platforms.

Compatibility: The priorities for mobile robots (MBOT Ranger, LEGO Mindstorms EV3,

Arduino Robot, Ozobot Evo Robot, and Sphero Robot) were calculated, indicating MBOT

Ranger as the preferred choice.

Price: The priorities for price comparisons place the MBOT Ranger at the top, closely followed
by LEGO Mindstorms EV3.



Configuration and Design: MBOT anger emerges as the preferred choice in terms of

configuration and design.
Programming Language Use: MBOT Ranger maintains its lead in programming language use.

Features and Power Source: MBOT Ranger again leads to features and power source

considerations.
Multi-Criteria Utility Function and Metrics

This study employs a multi-criteria utility function to amalgamate the priorities assigned to each
criterion. The resulting metrics indicate the overall ranking of mobile robotics platforms. The
MBOT Ranger emerged as the preferred option, followed by the LEGO Mindstorms EV3,
Arduino Robot, Ozobot Evo Robot, and Sphero Robot.

Table 4:Multi-Criteria Utility Function and Metrics

Option Name Priorities
MBOT RANGER 0.386
LEGO MINDSTORMS EVE3 0.212
ARDUINO ROBOT 0.136
OZOBOT EVO ROBOT 0.174
SPHERO ROBOT 0.091

The bar graph depicts the priorities assigned to various mobile robotics platforms based on the
critical criteria, with taller bars indicating higher preferences. MBOT Ranger emerged as the top
choice, with a substantial 38.6%, showcasing its exceptional standing in compatibility,
affordability, design, programming language support, and features/power source. LEGO
Mindstorms EVE3 follows closely at 21.2%, displaying strong educational capabilities. The
Arduino Robot secures the third position at 13.6%, noted for its affordability and flexibility. The
Ozobot Evo Robot claims a moderate 17.4%, while the Sphero Robot holds the lowest priority at
9.1%. In essence, the MBOT Ranger is the most suitable mobile robotics platform for educational
contexts, providing valuable guidance for educators and institutions in making informed decisions

regarding robotic integration into educational programs.
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Priorities

Priorities of Mobile Robotics for education Purposes

0.40 4

0.35 1

0.30 1

0.25 1
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0.15 ~

0.10

0.05 1

0.00 -

MBOT RANGER

LEGO MINDSTORMS EVE3
ARDUINO ROBOT
OZOBOT EVO ROBOT
SPHERO ROBOT

MBOT RANGER LEGO MINDSTORMS EVEZARDUINOG ROBOT OZOBOT EVO ROBOT SPHERO ROBOT

Mobile Robotics for education Purposes

Figure 2:Priorities assigned to various mobile robotics platforms.
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Attributes

Features..._ _Price

, N
Programmi... Configurati...

I MBOT RANGER [l LEGO MINDSTORMS EVE3 [l ARDUINO ROBOT OZOBOT EVO ROBOT SPHERO ROBOT

Figure 4:Web of Attributes

Through comparison analysis, the systematic comparison and prioritization of mobile robotics
platforms illuminate MBOT Ranger as a standout choice for educational contexts. Its consistent
lead across compatibility, price, design, programming language support, features, and power
source makes it an ideal candidate for educators seeking an effective and versatile robotic solution.
This structured decision-making approach, bolstered by comparison, offers valuable guidance to
educators and institutions aiming to improve STEM education through mobile robotics integration.

2.7 APID (Proportional — Integral — Derivative) Controller

The Proportional Integral and Derivative (PID) controller serves as a closed-loop control system
extensively utilized across diverse industries. This controller manages process field variables by
responding to measurements, finding widespread application in industrial control systems for
overseeing parameters such as speed, temperature, and pressure. Its versatility extends to various

12



domains, including process control, motor drives, magnetic and optic memories, automotive, flight
control, and instrumentation. By integrating the proportional, integral, and derivative components,
the PID[14] controller calculates the output signal based on the process response variable. The
primary goal is to minimize the discrepancy between the output and the desired setpoint of a

system, making it an effective tool for precision control in various applications[13].

Proportional Algorithm

>
Ke(t)
Process
Controller s
Set Point Etvor 4’1 Ourput Variable

r( t) Integral Algorithm ; .
— e e [T

+ s

> u(t)

l+

Y

K; [ : e(t)dt
40

A

Derivative Algorithm

. de(t)
T

»

Y

Feedback Variable

Figure 5:Block diagram of process control using PID[13].

The Figure 5 illustrates the configuration of the PID controller, comprising various parameters.
Starting from the controller input, denoted as the reference [r(t)] or setpoint, a comparator, driven
by the reference input element, calculates the error signal [e(t)]. This error signal, defined as the
difference between the reference signal and the system output signal [y(t)], is expressed
mathematically as e(t) = r(t) - y(t). The loop filter, housing three parameters, optimizes this error
signal. The output of the system is then generated from the control signal (u[t]), initiating the
closed-loop control operation. Following operational steps continuously reduces the error, with the
controller aiming to minimize it over time, relying on the adjustment of the integral, derivative,

and proportional parameters.

2.7.1 Steps in Designing the Control Loop

i) Determining the Transfer Function

13



The initial step involves determining the transfer function, which approximates the model of the
system concerning the transfer function. Before delving into the design specifics, it is crucial to
identify the plant in the process field that requires the design of a compensator block. The
knowledge of the process field may not always be available, so in the zero step of designing,
finding the approximate transfer function becomes essential, representing the behavior of the

process field.

i) Choosing the PID Configuration

Several channels, such as P, PI, PIDT1, or others, may be applicable, depending on the application
and system. The choice of the channel to be activated in the PID compensator block is determined
by the desired function. Additionally, selecting the structure of the channel depends on whether
the American or European structure is preferred. While the design choice is not paramount, the

crucial decision lies in selecting the active channel within these PID controller structures.

iii) Setting Parameters Inside the Compensator Block

The final step involves configuring the parameters within the compensator block, fine-tuning the
PID controller to achieve the desired control outcomes. This step is integral to ensuring the
effective performance of the control loop in regulating the system variables based on the setpoint.
These parameters can be the Proportional coefficient control of the P block, the Integral time
constant of the I block, the TD derivative time constant inside of the DT1 block, first order time
constant inside of the DT1 block.

iv) Check the stability requirement.

It is known that stability is very important in designing the system of PID compensator block. It is
decided upon the parameters of the compensator block where the simulation can be done to prevent
the system from destruction or blowing out. It is good to check the stability of the system to prevent
this kind of problem from happening in the system or process field.

v) Checking the quality measurement requirement.

14



If the system is stable then quality should be applicable where the given process should check if
the system shows overshoot to the plant but should be less than 5% (<5%) which is good for the
quality of the system measurement nevertheless if it shows the 10% the quality measurement
required is not good which give the consequence to redo the process and do another tuning for the

PID compensator.

2.7.2 Realizing of the Integral Channel
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Figure 6:Integral channel graph

The output of the integral channel is denoted by.

1 ti
() =7 [ et (1)
I
0

This is the output of the digitalize integral channel at the (¢t;) time instant. It is an integral if we

have the continuous signal, the first need to integral the error signal from zero time instant (t;)

time instant and multiply with Ti for the continuous case. In addition, we must estimate the
1
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continuous situation using a method that can be easily elaborated by calculation, which can be

performed by adding, subtracting, and multiplying the digital values.
Having the continuous signal the integral (e;) up to the (t;) time instant is the area the plot of the
actual function as it can be seen from the Figure 7 the yellow area is the integral value which also

need to multiply by Ti The simple way to approximate the value of the denoted yellow area using
1

the incoming digital error signal which are (e,), (e;) and some other error values is to use the

property of zero order value[27].

Figure 7:Derivative channel graph

However, they can be considered as error values (e) as they are kept constant up to the next
incoming error value, and for that, a small rectangle can be built from the error values. It can be
seen in the Figure 7 there are small rectangle which has boarder aside with the length of At and
the other length is the side of the (e,) similarly the dimension length of the small rectangle is At
and the height is (e;) value and can continue in this way as in the Figure 7 shown. It can be
estimated that the area Figure 7 the plot of the function signal is the sum of rectangles. Of course,
it will not be the perfect solution because the actual area of the rectangle will underestimate the
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precise area in Figure 7 the plot and the other side of the actual area of the e; — 2 and e; — 3 will
be overestimated the plot but somehow the over estimation and underestimate will be balance by
each other. The integral of the e(t) signal can be approximate as the sum of the small area of the
rectangle which is e; At where the e; is the actual incoming error value and then the calculation of
the sum of the rectangle up to give time instant must be done. The sampling time is the constant
we can put the sampling time before the sum notation which will result the actual value of the
integral will be At as the sum of the incoming error values up to a specific t(i). The eq.(2) can be

used to increase the precision of the estimation.

1
yli(ti) =AtF €n (2)
I
n=0
The precision of the integral channel can be improved in two ways:
1) Decreasing the At sampling time.

If we increase the At sampling time, the precision of the estimated of the integral value will be
better. It can be seen in the Figure 8 it is used the smaller At value, the sum of the rectangle will

be much closer to the original area as in Figure 8 the graph.

IfAt -0
= At- en ©)
n=0
ti
= f e(t)dt 4)
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et)

Figure 8:Integral channel for sampling time

2) Numerical Integration Estimation [28].

This numerical estimation is known as the trapezoidal rule. In this case the area as shown Figure
9 in the function up to t(i) time instant can be calculated as the sum of the area of the small

trapezoid. The area of trapezoid can be calculated by the following eg.(5),

a+ b) (5)

Area of trapezoid = h (T

Due to the formular eq. (5) it can be then easily to apply for the territory when area A; of the
trapezoid can be deal with the value of the area of the actual signal (e;) and e; — 1 as the area of
the previous signal which will be need to calculate and stored the area of each trapezoid, if we
have small At there is no significant difference between the rectangular methos and trapezoid

method.
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Figure 9:Integral channel for the numerical trapezoid rule

However, the integral signal is also corrupted by noise, but because of the approximation of the
integral signal, it contains some territory where the error values will balance each other. In some
cases, because of noise, it will have many territories to the rectangle, but in some cases, it will

have a small number of territories, but for a long time, there will be a balance between them.

2.7.3 Realization of Derivative Channel

In this case, the first step is to determine how to realize the approximate value of the derivative
channel using the discrete value of the error signal value. The exact definition of the derivative is
shown in eg.(6) mathematical form:

de(t) o oe(t+At) —e(t)
= lim
dt At—0 At

(6)

Where e is the error signal, for the limit value will give the precise error value when At sampling
time tends to zero. If there is a very small enough At of the sampling time value, the formular in
eq.(6) can be simplify as shown in eq.(7).

de(t) e e, Ae
dt | = At T At (")

i
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Where.
e; 1s the actual error value.
e;_1 Where denotes the previous error.
At sample value.
t is the time.
Ae is the variation in the error.

It can also be used to visualize the value of the derivative by drawing a slope of the intersection
between two points, the higher the slip in the slope in the derivative value. If the slope is at a
positive angle, then we will have a positive derivative value, and if the slope has a negative angle,
then we will have a negative derivative. In this case what has been drawn to the figure shows the
negative derivative value because the previous error value is larger than the current one therefore,

the Ae is the negative number and the slope angle relative to the horizontal line can be calculated
by

Ae
o= arctg 4 (8)
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Figure 10:Realization of derivative channel graph

2.7.4 Realization of the First Order T1 Channel

It is crucial to perform a numerical analysis of the first-order channel because of the presence of
measurement noise in real-world scenarios. This noise affects the measurement signal and
generates an error signal, which is the difference between the reference and measurement signals.
In certain real-world measurements, the error signal may exhibit rapid and erratic behavior with
small oscillations relative to the original signal, rather than a smooth curve shape. The Figure 11
shows that the blue and green colors represent the original and true signals, respectively. We can
visualize the value of the actual derivative by connecting the previous value which are e;_1 and e;
The derivative value, which is determined by the noise signal, can be graphically represented.
There is a considerable difference between the derivative value, which is calculated based on the
original or true signal, and that which is calculated based on the noise signal. The pure derivation
channel will be very sensitive to noise as the derivative calculation is based on the previous value
and actual value; they will cause a large disturbance relative to the original or pure derivative
value. Therefore, we need something to filter out the noise from the measured signal, and for this

purpose, we can use a filter.
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Figure 11:Realization of the first-order channel graph.

2.8 System ldentification

A technique for constructing mathematical representations of dynamic systems based on
observable data related to the system's input and output signals is proposed. Instead of relying on
mathematical computations, this method involves deriving a dynamic system model from
empirical data. To complete the system identification process, it is imperative to measure both
input and output signals in either the time or frequency domain. By introducing input signals,
which subsequently influence the output, we establish connections between the input and output
data. Assuming the capability to sufficiently excite all crucial dynamics of the system, a
mathematical model can be derived from the data, mirroring the observed relationship. The
selection of an appropriate model structure is necessary, representing the behaviour under
observation, followed by the adjustment of model parameters to best fit the data. Accurate system
identification is crucial for predicting the system'’s response to various stimulation in the context

of designing a control model. Robotics, signal processing, and control systems can all leverage the
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advantages of system identification. Effective experimental design is integral to generating
informative data for model fitting, simplifying the representation of real systems. Noteworthy
benefits of these models include formal analysis using models to ensure performance or safety,
integration of model predictions with sensor measurements to enhance state estimation or predict
maintenance requirements and replacement of physical systems and environments through
simulation, with the possibility of simplifying models for faster simulations. However, regardless
of simplification, a model must accurately capture the essential system features relevant to its
intended application. The system identification has two types of the model approach which are

explaining below.

2.8.1 Black Box Model

This approach involves constructing a model based on the step response of the transfer function,
specifically for an input step function. The conceptual idea is akin to dealing with a black box,
where the internal workings are unknown or invisible. This signifies a complete lack of knowledge
about the system, and the aim is to identify the system solely through input and output data. Unlike
traditional methods relying on first principles or physical modelling programs, this approach
operates under the premise of minimal prior information about the system dynamics.

Practically, it implies a scenario where there is no preliminary understanding of the process field,
but measurements are feasible for both the input and output of the process field, whether it's an
actuator, transducer, or plant. The emphasis lies on having measurement data without any a priori
knowledge about the system. The objective is to derive a mathematical model that aligns well with
the measured data, without delving into the intricacies of how the system functions. The primary

goal is to identify a model that exhibits similar behaviour.

In the context of a previous experiment, the obtained data includes measurements of both input
and output signals, and various models are considered, such as the IT1 block or other alternatives.
The key criterion is a good fit between the 1T1 model and the measured data. This black-box
approach commonly employs approximate models for the process field. Within this approach, two
methods exist for representing the process field: explaining through drawings or selecting a
graphical model. In both cases, the focus is on effectively capturing the system's behavior based
on the available input and output measurements, without relying on a detailed understanding of
the internal workings of the system.
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Figure 12:Self-settling process field

The graph in Figure 12 shows that the when the input of the process field (U1) is set to a certain
level the output also will be at rest of the ym value, it is shows that for a very short of time the
input signal can be increased from Ulto a U2 value and then sustain from u2 value for a while
and then go back to original value. The output of the process field will start to increase but after
an interval of time the slope will reach a finite value which then starts to decrease and then go
back to its original value. In this process, the HPT1 model is used which is formular can be

shown,

Kp.e™5t
sT; +1

GE approx (s) = )

Where,

K is the proportional coefficient.
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T; is the first order time constant and

T is the time inside the delta block.

2. Integral-type process field

Figure 13:Integral-type process field

In this graph as indicated in Figure 13, you can see how the output of the process field keeps
changing when the input is not zero. To maintain a steady output, it's a good idea to set the ul
value to zero. But when there's a sudden change in the input, you'll notice the output initially
increases. After a while, though, it stabilizes, forming a smooth, consistent slope that looks like a
straight line. Even if the input eventually goes back to zero, the output slope keeps rising and
settles at a finite value, never returning to zero. This trend continues as long as the input signal
remains non-zero, and you can track it by observing the position on the graph.

In this process, the IT; model is used.
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1 1
GEapprox(s) = s_T, . s_Tl (10)

The parameters are Tl and T1.
Where,
Tl is the integral time constant and

T1 is the first order time constant.

2.8.2 Grey Box Model

This model type involves theoretical considerations regarding the process field. While the
differential of the process field is understood, the coefficients associated with it remain unknown,
providing only the form of the process field. Unlike the previous scenario, there exists some
knowledge about the system, and a partial mathematical model is already established. However,

certain parameters, notably the coefficients of the process field (GE(s)), remain elusive.

Practically, this approach combines a detailed understanding of the mathematical aspects of the
system to formulate an initial problem. Despite having knowledge of the system, there are specific
parameters that are not known. The strategy here is to use available data to augment this existing
knowledge and refine the model structure or parameter set. Consequently, even though the form

of the process field is known, the coefficients of GE(S) are still undetermined.

Mathematically, this can be expressed as follows:
Kp

GE =
(s) a,S? + alg + a,

(11)

Where Kp, a4, a,, a, are the coefficients with unknown values.

The eq.(11) illustrates that the transfer function's structure is identifiable, yet the specific values
of the coefficients are undetermined. This analogy is comparable to being able to perceive the
inner workings, akin to understanding the differential equation governing the process field, without

precisely knowing the values associated with eq.(11). In essence, it allows for a glimpse into the
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system's internal dynamics, revealing the form of the transfer function, while leaving the

coefficients unspecified.
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METHODS AND MATERIALS
3.1 Chapter overview

The methods and materials used in this research involved a literature review and comparative
analysis of existing studies and research on the use of mobile robots for educational purposes. The
analysis examined compatibility, features, programming languages, and overall effectiveness. The
materials used included academic papers, research articles, and relevant literature in the fields of

mobile robotics and education.

3.2 Introduction

This thesis has been carried out to show the exact way and different methods used to commercialize
the available cost effect of mobile robots in educational environments, whether in secondary
schools or universities. Introducing basic engineering concepts is one of the major aims of this
thesis because it can challenge students to discover and test how a robot can demonstrate its
environment, make decisions, and execute tasks. The other option in using the educational kits is
to show how the robotics can show some balancing action according to the programmable applied,
reading the values measured from one distance to another, which can make the proper curve and
the meaning of the thesis’s goal. The kit (Mbot Ranger) is regarded as the main educational robot
kit used for the thesis, as it provides pictures of the full components on the way of analysing the
system from the assembling, scratching, programming, and infinite extensibility in developing
more robotic projects. Therefore, Mbot Ranger was a device that helped us reach the target of the
thesis. To reach many diverse targets, observation and performance assessments were performed

using kits in the laboratory to obtain proper values.

3.3 Data Collection

This step was performed by conducting observation and performance assessments to obtain proper
results according to the expected needs. Therefore, the observation was to observe the robot by
setting to obtain the balancing values according to the distance measurement and distance travelled
by the robot because of the time consumed setting. The operation was conducted by setting

different values to obtain the desired performance of the robot, which provides the exact
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conducting operation desired. The performance assessments were correctly impressed after the
desired implemented values and operations were obtained. The system for obtaining the values

was collected and observed in different ways, which are described.
3.4 Graphical programming

In the realm of computing, visual programming languages, also known as block coding, enable
users to create programs by manipulating graphical elements, rather than textually stating them.
These languages provide an alternative to traditional text-based programming, which utilizes lines
of code to replace text with pictures or symbols that represent physical objects. Consequently,

programming languages that incorporate graphics support a distinct coding methodology.

In contrast to procedural languages such as C and object-oriented languages such as C++ or Java,
which rely on high-level statements, graphical languages enable programming through the
selection of objects, their linking, and addition of functionality. This is demonstrated in Figure 14
which illustrates the practical application of while loops and for loops in this stage of students'
learning. This step explains how the method was used to obtain the proper values for collecting
data through graphical programming(scratch). The method of setting and operating the robot is
shown in the Figure 14. This shows that the setting of the power motor is generally 250; however,
owing to the measurement, the setting should be 100 to -100, meaning that one motor will be
operated in the reverse direction compared to the other one.

The following statement has been employed as a while loop, serving as a control-flow mechanism
to execute an action repeatedly for multiple instances until a specific criterion is fulfilled. Its
configuration stipulates that its execution ought to occur when the elapsed time is less than one
second. Upon fulfilment of this condition, the motor will function differently in terms of direction,
but the motor value will remain zero. It is crucial to properly direct the ultrasonic sensor ports to
ensure effective detection and measurement of an object's distance, based on the operation of the
program. Consequently, the ultrasonic sensor will perform accordingly and provide a value that
allows for the generation of a graph demonstrating the relationship between the distance travelled,
object distance, and time. The set time before the program's execution is 0.5 seconds, which serves
as a waiting period for the measurement of distance. This waiting time is vital to the operation of
a robotic or automotive system because it ensures that the vehicle moves appropriately and

provides accurate value readings that can be used to generate graphs in a separate graphing
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application. The graphical measurement was calculated from the start of the wait period until the
measurement was detected and up until the final measurement according to the program's
settings[29]. The values are defined within the Mblock software code and then transmitted to

Arduino C, which provides the appropriate values for generating the graph[30].

Auriga Program

set (M 0 0

serial write text [P RTAREr ALY
repeattlﬂ t:lme 9 2)
-y .

if time <.

set encoder motor on board s} power to
set encoder motor on board EE#M power to

set encoder motor on board Eksy power to @
set encoder motor on board EZM power to (8

set EERd to ultrasonic sensor distance
»

serial write text | dist

change by (B

IR =R <8 end of measurement

Figure 14:Graphical programming

3.4.1 Excel Data Measurement

Graphical programming has demonstrated significant value in balancing the measurement of the
distance travelled, distance of the object, and time. This demonstrates the relationship between an
object's distance and its speed over time. The graph depicts the movement of the robotic object in
relation to the obstacle object over time, with one line representing the distance travelled by the
robot, and the other representing the distance of the object collected during the experiment. The
slope of each line indicates the speed rate of the object. The distance travelled can be determined
by the total displacement of the object from its starting point to its final point, which is measured

over time. Practically, this section focuses on the measured distance and how it changes over time.
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The distance travelled and the distance of the object can be used to calculate the distance travelled
by the robot:

DISTANCE MEASUREMENT
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Figure 15:Distance travelled.

3.4.2 MATLAB Measured Data

The interactive MATLAB interface simplifies numerous tasks. From a practical standpoint, the
graphical and data-exporting capabilities of MATLAB facilitated the drawing of graphs, thereby
reducing the workload. In addition, MATLAB's graphical output is optimized for interaction, and
its functionality can be significantly expanded by the addition of toolboxes[31]. As shown in the

Figure 16 , the transfer of data enabled clear identification of the input and output signals.

When the input signal is not zero, the output signal changes constantly. In such cases, it is advisable
to set the input signal to zero, which results in a constant output signal. If the input signal is
increased, the output signal also increases, and after some time, the slope becomes constant,
producing a straight line. Conversely, if the input signal approaches zero, the output signal
continues to increase, but with a decreasing slope, eventually reaching a finite value and not

returning to its original value. It can clearly be seen when the motor power is 100% and the position
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of the measure distance is actually constant, this is a step function at zero time instant where the
value jump from zero to 100 and then go back to zero as the output will not go back to previous
value but will remain to the value it was before, in this case the input is increasing for a distance
due to the curve of the travelled distance shows. These observations suggest that the model is a

black box approach model as there is no knowledge of the system but only the measurements.
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Figure 16:Distance travelled from MATLAB.

3.4.3 Distance PID Tuning

Another method employed to identify the behaviour of the model involves using a PID tuner. In
cases where the mathematical model of the plant is unknown, but input and output data are
available, it is possible to identify the plant model from the data and utilize it for control design
purposes. The PID tuner offers a system identification toolbox that can identify and edit the plant

model, as well as import step response functions, impulse responses, or arbitrary input/output data.

In the Figure 17, the imported data specify the name of the signal, which identifies the input and
output signal values and sets certain parameters, such as the sample and start time. The system can

estimate model parameters, which can be graphically adjusted and fixed based on desired readings,
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such as the system gain or tangent, to ensure that the measured data are as accurate as possible[32].
The PID tuner can also specify whether the tool estimates or ignores the parameters to achieve the

best fit. Automatic estimations often provide the best fit.

This process is employed to adjust the PID response to setpoint changes and unmeasured
disturbances, such as variability in control error, with the primary objective of maintaining the
measured process value at a setpoint or desired level. In this case the integrator model of one pole

has been used which is actually an IT1(Integrator first order) approximate module.

Mumy Clese Idantified Pland Stnscturs: One Pode + Integrator
Siep Plot: Relerencs tracking Ot [y

Figure 17: PID tuning.
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RESULTS AND DISCCUSION
4.1 Chapter overview

The results and discussion section presents the findings of the comparative analysis, highlighting
the similarities, differences, and effectiveness of different mobile robots for educational purposes.
It discusses the implications of the findings and provides insights for educators and researchers

interested in utilizing mobile robots in educational settings. MBOT Ranger robot and its design

After representing all preliminary information about the robot and its design with the
measurements found, the final step is to build up the balancing and distance-holding of the program
in the software to obtain the desired results. During the creation of the program, three basic
coefficients were considered: the derivative gain, integral gain, and proportion gain were used to
test at the same time for the scratch by putting the value that was finally made to achieve good
results, as expected. This graphical programming has been divided into three parts. The graphical
programming is segmented into three sections. The first part serves as the initialization phase
involves input values for the PID controller Figure 18, while the second part constitutes the main,
highlighting the PID Controller data Figure 19. The third part marks the end of the program Figure

20. The achievable can be seen as follows:

4.2 Graphical Programming for The PID Data Holding

The first step of the program considered the program structure. Before executing the sequential
blocks, the program must wait for one second for a specific waiting period. After the waiting
period, the program provides a sound to indicate that it is ready for a command from the user. The
program waits for five second before executing the sequential block(s) again. The time interval of
the distance between the robot's point and the object's location point was 20 second. The delta time
was set to determine the period based on the measurement of the system. The int_sum variable
was set to zero for value declaration. The error_Prev variable was also set to zero. The three
coefficients the proportional gain (KP), integral gain (K1), and derivative gain (KD) were set with
their chosen values for the desired set point or reference value. This will help with the overall

control action during execution. To improve the stability of the system performance, the error
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derivative filter should be set to zero to differentiate the noise frequency for the graphical interface
of the program. T_filter should be set to 0.05 seconds to determine the time interval for filtering

the controlling signal, where the time should be set to zero.

Auriga Program

play tone on note beat
play tone on note beat
=& Setpoint_distance ¥ j<s8 20
set to
set to @
set to @
set to
set toc &
set to
B error derative ftered < Ty o)
set (28 0.05

The program was designed to utilize the repeat block function, which enables the implementation
of all included blocks, and then stops when the specified state condition is met. To achieve this,
the "repeat until" function has been employed to set a time value greater than 20 seconds, which
will trigger the execution of the program when the time exceeds this threshold. The delta time and
time values were added to provide an additional value, which is useful in determining the system

measurements and position settings.

It is essential to establish a connection between the ultrasonic sensor and Auriga board, which
requires inserting the pin into port 8 to ensure proper tracking. The distance setting was identified,
and the measured error calculation was determined by the difference between the desired position
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of the robot and the measured distance of an object. This will help correct the base value in the
three channels of the proportional, integral, and derivative functions. Mathematically, the
summation and multiplication of the error value set are applied to achieve the desired outcome,
int_sum and delta time to obtain the total value of the time applied. This step must be performed
to find the correct value of the error that will be used for the measurement and then set the
error_derivative_filter to filter out the value of the error occurring to the measured distance with
the value of the delta time and T_filetr. The program then sets three channels to three different
coefficient gains together with the error_derivative_filter, int_sum, which shows the accumulation
of the signal over time when the integral gain can observe the balancing of the integral sum and
obtain a fast and accurate response to our system. The proportional gain is set to observe the
behavior response of the error signal, whereas the derivative gain is set to show the rate of change
of the error signal concerning the filtering of the error derivative of the signal. Subsequently, the
control signal was set to the three-parameter channel, which was proportional, derivative, and

integral, to synchronize the operation of the program and attain the actual value.
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repeat until > 20 |

set[fto t + dt
»

set to ultrasonic sensor distance
»

set Pty to  Setpoint_distance - measured_distance

set MR to int_sum + error * dt

>

set P o arM to  error - error_prev / dt

»

set T to  error

|3

set B e Rilc- I to error_derivative_filtered + dt /

»

set G to  KP = error
|

set IEEMERto KI * int_sum
»

set PN to KD = error_derivative_filtered
»

set Pt to  P_channel + I_channel + D_channel

+ dt / T_fiker * error_derivative - error_derivative_filtered

Figure 22:Graphical Programming for The PID Data

The encoder motor in slot one was configured to rotate in a clockwise direction upon reception of
the control signal, signifying clockwise rotation of the motor. The second encoder motor in slot
two was set to rotate in an anticlockwise direction upon reception of the control signal, indicating
a reverse direction for the motor. The robot executes commands based on the object being held
and moves either forward or backward based on the execution of the program. The serial-written
text enabled the robot and object to measure the distance between them. After waiting for a certain
period, the program commands the robot to produce a sound, indicating completion of the
measurement. Consequently, the encoder motor in slot one will be set to zero power, and the
encoder motor in slot two will also be set to zero power, signifying the conclusion of the program

and distance measurement for the robot.
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set encoder motor on board &3 power to | control_signal

set encoder motor on board EHEM power to &9 = ' control_signal

sernal write text join join join cast t to string ] join cast Se

Tn;idtsecs

LS

play tone on note beat

set encoder motor on board Elljsl power to@

set encoder motor on board Ej# power to@

Setpoint_distance to string join cast measured_distance

Figure 23:PID controller's measured data holding.

The graphical programming representation in Figure 24 depicts the PID controller's measured data
holding for the time, measured distance, and control signal. The graph consists of two lines, with
the blue line representing the input and red line representing the output. The system graph
illustrates the implementation of KP, KD, and KI, showing the moving line that represents the
system overshoot. This line starts below the setpoint distance and overshoots it but eventually
reaches the setpoint after some time. In the middle of the graph, noise is filtered out as the signal
approaches the desired value. The output signal of the graph starts in Figure 24 the control signal
setting and shows the system overshooting for a certain amount before reaching the desired value,
and then filtering out according to the measurement setting. The system continued in this direction

until the values changed from scratch.
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Figure 24:PID controller for time, measured distance, and control signal graphs.

The graph in the Figure 25 depicts the aggressive behaviour of the signal as the value of KD is
increased, resulting in a rapid change owing to the error signal. The graph shows the variation in
the signal as the value changes, which also demonstrates the amplification of noise in the system
control, leading to a loss of damping oscillation. The graph begins with the measured signal in
Figure 25 the desired value, but after some time, it reaches the set point of twenty-two seconds as
set value. However, it overshoots for a certain period before settling at the set-point value.
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Figure 25:The variation of the signal as the value change

The graph in Figure 26 illustrates how the graph changes as the integral gain increases to a higher
value. The line in the graph represents the desired value of the system, which is achieved through
rapid response and overshoot, this overshoot causes undesirable oscillations in the graph.
Improperly tuned PID parameters can result in steady-state errors and instability, which can disrupt
the system balance. Therefore, careful adjustment is necessary when selecting values to measure
the control of the system. Poorly set parameters may lead to undesirable behavior, as shown in the

graph.
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CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This study provides a comprehensive analysis of the utilization of mobile robots for educational
purposes, addressing the specific objectives of comparing different mobile robots, fine-tuning PID
controllers in MATLAB for optimal control outcomes, and assessing the overall effectiveness of
these robots. By evaluating compatibility, features, programming languages, and control
outcomes, valuable insights were obtained, significantly contributing to existing knowledge in the

field and holding important implications for educators and researchers.

The study includes addressing the challenges identified in fine-tuning PID controllers in
MATLAB, ensuring that educators can optimize control outcomes for a seamless learning
experience. By doing so, students gain access to enhanced learning opportunities, and the
development of critical thinking skills is fostered.

This thesis has been successful achieved on what has been outline from over all explanations, due
to this achievement it is possible to use this kind of education robot (mbot Ranger) to the different
parts of the educational environment which can allow the students to practice and apply the PID
controller as the part of the curriculum outline, which can help them not only in understanding of
the PID controller in educational robotics but also to engage on the practical applications

and adapting robotic platforms in more experiential learning.

5.2  Recommendations

Building upon the analysis and findings, several recommendations are proposed to further enhance
the utilization of mobile robots in educational settings.

a) Educators and institutions are encouraged to accurately assess the compatibility, features, and
programming languages of mobile robots during the selection and implementation process.
Attention should be given to the fine-tuning of PID controllers in MATLAB to achieve desired
control outcomes, addressing any challenges identified during this process.
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b) Manufacturers and developers are urged to sustain innovation and improvement in mobile
robot technologies to meet the evolving needs of educators and students in educational settings.
This involves advancing features, programming languages, affordability, and user-friendliness.
Continuous enhancement of mobile robot technologies not only supports educators in
delivering engaging and effective learning experiences but also addresses the nuanced
requirements of educational environments, including the optimization of PID controllers for

precise control outcomes.
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