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Abstract In our technology-driven world, various methods for teaching in an educational venue or
in a simulated environment have been suggested especially for computer and coding education. In
particular, IoT related education has been made possible owing to the industrial developments that
have occurred in various fields since the Fourth Industrial Revolution. The proposed model allows
various IoT systems to be indirectly built; it provides an inexpensive learning method by applying
a simulation system in a 3D environment. The model is implemented on Virtual Remote 10 based
on the Arduino platform, thereby reducing the cost of building an education system. In addition
various education-related content can be provided to learners through such an indirectly developed
system. Test code was written to check the consistency of an operation between the real system
and the virtual system.
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1. Introduction

In a technology-driven world, where questions
arise regarding the objectives of engineering
education, proposals on how to effectively teach
in an educational venue or in a simulation
environment are highly desirable [1,2]. A virtual
environment is a

learning representative

educational method that can facilitate class
courses, the provision of educational materials,
and communication; it is also widely used in
higher education curriculums [3]. Recently, in
such as schools,

educational institutions

computer-based educational programs are
gradually expanding to replace and supplement
traditional educational methods. Computer-based
virtual simulations are used in various ways to
facilitate engineering education [4]. In particular,
software education has had an extremely positive
effect on creativity, computational thinking,
mathematical thinking, logical thinking, problem
solving ability, and development of a competitive
[5,6]. Unlike other

education depends on the ability of the learners

spirit subjects, software
to write and create programs on their own [7].
Hence, software education through an online
learning environment is effective because the
learners can immediately execute and check their
programming results and learn by themselves
through feedback [8,9]. Therefore, it is necessary
to develop various content related to software
education that enables self-directed learning
online. The Internet of Things (IoT), which has
emerged since the Fourth Industrial Revolution, is
not only a key element in developing smart
factories at manufacturing sites by combining
with existing embedded systems, it is also widely
used as a home [oT system and for do-it-yourself
(DIY) hobbies [10,11].

courses using [oT systems are being established in

Following this trend,

coding education for children and

non-professionals [12]. However, such courses are

either based on hardware for practical training or
simulations to check simple operations in a
two-dimensional (2D) environment; the training
situation is assumed in advance in most cases,
decreasing the learner’s understanding and
interest. Therefore, a model that can indirectly
build and educate various IoT systems at low cost
by applying a
three-dimensional (3D) environment is proposed

simulation system in a
in this study. The proposed model is expected to

reduce the cost of building a system for
education and provide an environment in which
content can be

interesting  educational

experienced in various ways.

2. Related Works

2.1 Arduino Platform

Arduino is an open-source platform configured
to make electronic circuits and programming
easier to achieve using a micro controller unit
(MCU) [13]. Because it is well modularized,
Arduino is easily connected to peripheral devices,
such as various types of sensors and motors. It is
widely used in an IoT education environment as
it provides a library to easily set up and use
complex register settings that normally require
a USB

(universal serial bus) is installed in the circuit by

hardware knowledge. In particular,
default, making it easy to upload the program; 5V
of power is supplied, allowing a simple system to
be run without a separate power supply [14]. The
platform also provides UART, 12C, and SPI, which
are built-in communication drivers, and various
wired/wireless communication modules and
libraries supporting them, allowing non-experts
to easily implement the system. In addition,
research on and development of its automation
products, [0T, and wearable applications are

perpetually expanding.
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2.2 Physical Computing

Physical computing is a method for

constructing a physical system capable of
achieving an interaction between humans and
computers [15], connecting the physical real
world and the virtual world of a computer. It
uses expanded input and output devices and
information; the input devices can be extended
to heat, light, and sound sensors, and the output
devices can be wused by extending various
actuators such as motors and light-emitting
devices (LEDs). Physical computing is capable of
providing a learning environment in which
learners can quickly and easily express their
ideas through many different studies. Therefore,
it is being used as an environment for learning
in many fields such as the robotics, interactive
scientific

art, environmental sensing, and

experimentation [16]. In addition, although
physical computing has developed differently
from computer science, it can be used to
increase the creativity of learners in computer
science education [17]. When non-specialists
learn the programming process, they generally
need to study many complex concepts within a
limited time and thus, experience significant
difficulty owing to a lack of mathematical
background and interactive media content,
which can provide rapid feedback [18]. Physical
computing devices are in an ideal position to
support the development of engineering and
computing knowledge in learners owing to their
ability to match computing knowledge and

abstract algorithms with the real world [19].

3. Proposed Model

3.1 System Configuration

Fig. 1 shows a system configuration diagram

for building an IoT device simulation

environment; the configuration is composed of

three main parts: the IoT device, the real IoT
module, and the [oT simulator.

First is the IoT device; it is a system
constructed using Arduino as a microcontroller
controlling the entire IoT system and a power
board to drive it. Users can control the digital or
analog signals from sensors or actuators that are
actually wired through the GPIO. In addition, the
device communicates with the virtual remote 10
through the UART library provided similarly to
the GPIO function calls

input/output signals to the virtual IoT module.

and transmits the

Second is the real IoT system; it is a peripheral
device that is actually connected to an IoT
device that transmits a module or external
interrupt signal requiring a separate hardware
test of the GPIO. Third is the IoT simulator
installed on a PC; it is composed of a virtual
remote 10 and an IoT module. IoT modules are
virtual devices implemented in 3D space where
the signals generated are converted into serial

communication signals through the remote IO.

Fig. 1. System Configuration Diagram

3.2 System Process

Fig. 2 shows a system process for the IoT

simulation, which consists of six steps.
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GPIO function Analysis

—

Create IoT Device ‘

Library

T —

Virtual Remote 10
Implementation

Real IoT Module
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Virtual IoT Module
Implementation

- TR

Code Test

Fig. 2. System Process

First, the prototype of the input/output
function of the GPIO suitable for the IoT device
to be used needs to be analyzed. This allows the
environment that controls the actual hardware
and the environment used in the simulation to
be as similar as possible for the user. Second, a
library suitable for the language to be used in
the IoT device needs to be created. In this study,
a library was created in the form of a header file
in accordance with C/C++, which is the
development environment of Arduino. Third, a
virtual remote IO module for connecting with
the created library through a communication
device needs to be implemented. The remote 10
transmits the signal of the virtual IoT module
implemented through a 3D simulation to the IoT
Fourth, the
characteristics of the peripheral devices used in
with the I[oT

implemented need to be understood. Fifth, the

device. physical/electrical

accordance system to be
analyzed I/O devices must be implemented in a
virtual space. In this case, the educational effect
can be increased by implementing sensors and
actuators with various characteristics. Finally, a
test code needs to be written to check the
operational consistency between the real and

virtual systems.

3.3 Virtual GPIO Function Library

Following Fig. 3 is a message processing

routine.

Fig. 3. Message Processing Routine

Recently, hardware related to IoT devices has
digitalRead, digitalWrite,
and analogWrite functions that

implemented
analogRead,
exchange external 1/O signals through the GPIO
based on Arduino UNO R3, which is widely used
in IoT education. However, in this study, a
RemotelO class was created and implemented as
a lower method for using the existing GPIO
control function at the same time. In addition,
the function for an OPEN communication was
configured in the form of Remote.begin (int
baudrate) by imitating the existing UART OPEN
function, Serial.begin (int baudrate), so that the
system configuration is not confusing to
learners, and the environment is the same as the
the UART

device is prepared using the Remote.begin()

existing user environment. Once
function, a message is processed periodically
inside, as shown in Fig. 3] by using an MCU
interrupt. The data of these sent and received
messages are processed using an array declared
for buffering; the GPIO function reads/writes the
data in this buffer to the user. The data in the
buffer consist of an array of bytes, and the size
of the array is determined based on the number

of inputs/outputs to be used in the system. The
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index number of the array corresponds to the
address of the buffer, and each byte of data of
the address is mapped to a virtual digital pin
with 8 bits. Each digital pin mapped has a serial
pin number; read/write data can be accessed
through a bit mask technique. Fig. 4 shows the
operation algorithm of digitalWrite among the
GPIO functions.

CALL digital Write Function

INPUT ‘Pin Number’
INPUT ‘Write Data”
Address = Pin Number / 8
Bit Number = Pin Number % &
Mask Data = 0x01 << Bit Number
If Write Data is true
Buffer[Address] = Buffer[Address] | Mask Data
If Write Data is false
Bit inversion of Mask Data
Buffer[ Address] = Buffer[Address] & Mask Data

/ltype is integer

/I type is ‘true’ or ‘false’

Fig. 4. digitalWrite Pseudo Code

3.4 loT Simulator
Fig. 5 shows a block diagram of the IoT

simulator. It is composed of a virtual IoT module
that implements an IoT peripheral device on a
computer and a remote IO to transmit the
electrical signal of the virtual IoT module to the
virtual GPIO function of the IoT device. Both
processes exchange data using the shared memory

of the inter-process communication (IPC).

Virtual Virtual
loT Module | Remote 10

START

Actuator
Modules

Virtual
Sensor
Modules

Fig. 5. loT Simulator Block Diagram

Fig. 6 shows a class diagram indicating the
relationship between the virtual sensor module

and the input shared memory.

Input Shared Memory
- Input : byte[16]

- Write{int Address, int Bit, bool Data)
- Write(int Address, int Data)

Wire Point Magnetic Sensor
+tag : string - pale : bool
+wiring : int - Address : int

T - Bit Number : int

- Update() : void
<<abstract> >
Sensor

+tag : string Ultra Sonic Sensor
+signal : Wire Point - pole : bool
+range ; float - Address : int
+sensibility : float = Resolution : int
-Update() : void, virtual - Update() : veid

]

Fig. 6. loT Simulator Class Diagram

4. Results and Discussion

4.1 Experimental Methods

The automatic guided vehicle (AGV) system to
be applied during the project learning was
configured as shown in Fig. 7 for the experiment
conducted in this study. For ease of operation, a
switch signal is placed at the top of the screen,
and mode change functions such as “no line,”
“track driving,” and ‘cross-track” have been

added to practice various tracks.

| vinuat AG 107 Moduse -~ o x|

| (x0.00, v.0.00, 0:180.0)

Fig. 7. Virtual AGV loT Module

In addition, the virtual remote IO used to
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transmit the I/O signals of the virtual AGV IoT
module is configured as shown in Fig. 8. The
screen composition consists of the Arduino
connection method, the basic communication
setting of the COM port and baud rate, and a

monitoring screen for convenient signal
debugging for the learner.
AGV Remote 10 — (=] >

MODE : [SERIAL] COM : [COMS] Baud Rate : [9600)
Digital Read / Write Digital Read Only

RCW OO LAMP1 [ MAG1 SWITCH1

RCCW [ LAMP2 [] MAG2 SWITCH2
Lcw LAMP3 ] MAG3 SWITCH3

Lcocw O LAMP4 (O MAG4 SWITCH4
LAMPS [] MAGS SWITCHS

LAMPS [] SWITCH6

LAMPT [ SWITCH7

LAMPS [ SWITCHS

Get / Set Parameter Get Parameter Only

RIGHT LEFT RIGHT LEFT
SPEED 60 = 60 = ANGLE 0,002 0,002
| ACCEL 0 0 s

DECEL [0 g o =

0.00 ms

Fig. 8. Virtual AGV Remote 10

From the center, the left screen is a writable
area and corresponds to the output signal sent
from the Arduino to the virtual IoT module; the
right screen is a readable area where the input
signal of the virtual IoT module is sent to the
Arduino. In addition, the digital and analog
signals are grouped by placing the digital signals
at the top and the analog signals at the bottom.
The AGV system uses a line tracer method that
is widely applied in the basic stages of IoT. To
this end, it consists of two motors for driving the
AGV, an encoder to detect the rotation angle of
the motor, a magnetic sensor to detect the line,
and a switch and a lamp to check the basic I/O.
Hence, a message frame with a total data size

exchange of 14 bytes was constructed Table 1.

Table 1. Total data size of 10 signals used

Data Type Data Size NSl @i Total Data Size
Data
Digital Input 1 bit 13 2 bytes
Digital Output 1 bit 12 2 bytes
Analog Input 2 bytes 2 4 bytes
Analog Output 1 byte 6 6 bytes
Sending and receiving data size 14 bytes

The line tracer of the comparison target of
the experiment was implemented as shown in
Fig. 9 using the same configuration as the AGV
virtual system.

Fig. 9. AGV Real System

4.2 Comparison Analysis

The problem arising from the difference
between the operational principle of the actual
stepping motor and that of the simulator was
driver. The
communication speed of the simulation was
19,200 bps, which is the most stable speed for
testing in the Arduino environment; the tests

solved by installing a motor

were conducted without using the delay function
because doing so affects the loop period. For
the experimental method, the real and virtual
AGVs were controlled based on the firmware
written using the same algorithm; the scan time
of the Loop() function and the update period of
the I/O signals were measured and compared. As
shown in Table 2, the scan time of the Loop()
function did not show a significant difference,
although the actual input/output update period
5000-times different

However, this is a physical limitation resulting

was over on average.
from the difference between the method of
directly controlling the actual electrical signal
with the register and the way the signals are
collected and exchanged through
communication. In fact, there were no cases in
which the AGV deviated from the line in the

motion analysis between the two systems. there
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was a slight difference in responsiveness when
returning to the original position when the AGV

deviated from the line.

Table 2. Comparison of reactivity differences

Real Loop Scan Time 1~2ms
System Signal Update Cycle 5~ 10 us
Virtual Loop Scan Time 2 ~3ms
System Signal Update Cycle 34 ms

5. Conclusion

field of

education related to engineering are a subject of

The various objectives in the
intense discussion, and research regarding the
direction of actual teaching at an educational
venue or in a simulation environment is
ongoing. In this situation, a virtual learning
environment is being widely used as a
representative educational method. Since the
advent of the Fourth Industrial Revolution,
developments have been made in various fields.
In particular, composing smart factories in
industrial sites where products are manufactured
with IoT

architecture has become vital. To this end,

by combining existing systems

coding education and educational courses
related to IoT are ongoing, but most of the
existing education is based on hardware or
consists of simulations that can be used to check
simple operations in 2D: in most cases, the
education is applied under the assumption of
necessary circumstances. Therefore, the interest
and understanding of learners may decrease.
Accordingly, many educational systems have
switched from offline to online environments for
various reasons in recent years. However, most
educational systems that still require practical
training apply group education owing to spatial
or cost limitations. To overcome these
limitations and build an environment in which
feasible, research on

online education is

combining various simulation technologies and
AR/VR is ongoing. In this study, a system that
can apply IoT through simulation techniques is
proposed to meet these societal trends. By
implementing online content using a simulator
similar to an actual IoT device, a practice
environment that can arouse interest in learning
is expected to be built. Research into the
development of educational content of various
techniques that can be used in systems requiring
such control should be continued because the
MCU used in IoT is optimized for real-time

control.
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