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Thiét ké ché tao mé hinh hé thong khéi déng théng minh

diéu khién 6 to tir xa bang smartphone

TOM TAT

Nghién ctu “Thiét ké ché tao mo hinh hé thong khoi dong thong minh diéu khién 6 t6 tir xa bang
smartphone” nham phat trién mot mo hinh hién dai phuc vu cho giang day va img dung thuc té. M6 hinh nay la cong
cu hoc tap tryc quan, gitip nguoi hoc nam ving so dd hé thong khoi dong 6 t6 bang chia khoa va Start/Stop, ¢6 thé
thyc hanh dau noi, kiém tra chan doan 13i, tao pan cho hé thong khoi dong. Dic biét, mé hinh con 1a giai phap néng
cap hitu ich cho xe chwa c6 diéu khién khoi dong tir xa. Sau khi tinh chinh, bo diéu khién c6 thé lap dat thuc té, cung
cap tinh ning khoi dong va bat didu hoa tir xa cling nhu cap nhdp céc trang thai cia xe thong qua smartphone, ting
tinh tién nghi cho ngudi ding. Nghién ctru mang lai gia tri cao trong dao tao va ing dung thuc tién, dp Gmg nhu ciu
cong ngh¢ xe thong minh, nang cao trai nghiém nguoi dung trong thoi dai ky nguyén cong nghé.

Keywords: Hé thong khéi dong thong minh, khoi dong 6 té tir xa, smartphone.



Design and manufacture smart starting system model
controlled remotely via smartphone for automobiles

ABSTRACT

The research "Design and manufacture smart starting system model controlled remotely via smartphone for
automobiles™ aims to develop a modern model for educational and practical purposes. This model is a visual
learning tool that helps learners understand automobiles' start system, including start by keys and Start/Stop. It
allows students to practice electrical circuit assembly, diagnose, and make faults for the start system. The model also
serves as a practical upgrade solution for automobiles lacking remote start control. After refinement, the controller
can be installed in actual automobiles, enabling remote start, air conditioning control, and automobile status updates
via a smartphone, enhancing user convenience. This research adds significant value in training and real applications,
addressing the growing demand for innovative vehicle technology and improving the user experience in the digital

age.

Keywords: start system, remote automobiles start, smartphone.

1. INTRODUCTION

In recent years, remote control technology has
made remarkable advancements, particularly in
the automotive field. These developments enable
efficient device connectivity and provide
convenience by allowing users to control devices
easily via smartphones.!? The automotive
industry has quickly embraced this trend to
deliver modern remote control solutions,
enhancing user experiences and meeting the
increasingly diverse needs of consumers.

However, educational institutions,
particularly the Department of Automotive
Engineering at Quy Nhon University, remain
limited in implementing effective practical
learning models in automotive engineering
technology. Although the university has invested
in developing theoretical and practical training
programs, there is a lack of visual models for
remote control systems. This creates difficulties
for students in accessing and practicing with
modern technology. The absence of practical
models makes delivering knowledge about
innovative automotive systems less effective,
limiting students' ability to apply their learning in
real-world situations.

At the same time, the demand for the

application of remote control technology in
automobiles is steadily increasing. Modern users

not only desire convenient features such as
remote engine start or air conditioning
adjustment but also expect comprehensive
control over the vehicle's status without being
physically present in the car. This necessitates
robust development of remote start and control
solutions for automobiles via smartphones to
meet user expectations and create a competitive
advantage in the automotive industry.

Therefore, the development of an
innovative remote-controlled car start system
model is not only a significant step in improving
teaching methods and enhancing the quality of
training at the Automobile Practice Center of
Quy Nhon University but also meets the growing
practical demand, contributing to the promotion
of innovation and technological development in
education and the automobile industry. It also
provides students with opportunities to access
modern technological solutions, preparing them
to adapt to the development trends of Industry
4.0. This initiative helps bridge the gap between
theoretical knowledge and real-world
applications, enhancing students' readiness for
future careers.

2. CONTENT

2.1. The process of designing and developing
the model



2.1.1. Identifying needs and objectives

The model is designed to support the Department
of Automotive Engineering undergraduate
training courses at Quy Nhon University,
assisting with theoretical and practical learning
(focusing on the starter system). Specifically, it
supports the following courses:

* Automotive electrical equipment (3
credits).

* Automotive electrical-electronic systems
(3 credits).

* Internal combustion engines (3 credits).

* Internal combustion engine practice (4
credits).

* Automotive diagnosis and maintenance
techniques (2 credits).

The model offers  comprehensive
knowledge of the structure, operating principles,
and skills needed for testing and diagnosing
automotive electrical systems, particularly the
starter system. Additionally, it clearly illustrates
the connections between electrical devices and
loT applications in automobiles. By integrating
advanced electronic components such as
microcontrollers, wireless communication
modules, and sensors, the model not only
elucidates the operating principles but also links
theoretical concepts and real-world applications.

2.1.2. Manufacturing process

The manufacturing process of the smart remote
starting system model controlled via a
smartphone is designed to provide a practical and
visual solution for teaching purposes. This model
enables learners to understand technical
principles and apply technology to real-world
scenarios.

Developing the innovative remote starting
system model is a promising yet challenging task
requiring knowledge, skills, and creativity to
overcome technical, financial, and practical
application difficulties. The greatest challenge is
ensuring the model operates stably in a learning
environment, allowing simultaneous point
measurement and circuit assembly. It must fully
replicate the functions of an actual innovative
starting system while maintaining simplicity,
making it suitable for educational purposes. It
also creates a platform that is easily accessible
and applicable to future research and technology
development projects.

2.2. Overview of the mode

2.2.1. The starting system using the key

The starting system using the key has been
developed into a teaching model to illustrate the
operating principles and structure of this system
visually. The model fully replicates the main
components, including the ignition switch,
electrical circuit, relay, and starter motor,
enabling learners to observe and practice
efficiently.

The model clarifies how the system
operates, from key activation to the engine
starting process, and allows students to perform
practical tasks such as circuit testing, assembly,
and repair. It is an effective teaching tool, helping
learners master fundamental knowledge while
laying the foundation for understanding and
accessing more advanced starting technologies.

Figure 1. Front view of the smart starting system
model for remote automobile control via smartphone.

2.2.2. The starting system using the Start/Stop
button

The automotive starting system on the model is
arranged scientifically and clearly. The upper
section of the model includes the essential
components of the system. In contrast, the lower
section features the electrical circuit diagram,
along with theoretical lessons guiding students to
read the diagram, practice connections,
inspections, and system diagnostics. These
lessons are made accessible through QR codes,
making it convenient for learners to access the
content.

Like the starting system using the key, this
model not only helps learners master the structure
of the automotive starting system but also
provides opportunities for hands-on practice in
testing and operating the system. When the
connectors are closed, students can operate and
inspect the model to understand the system's
operating principles. When the connectors are
open, learners can easily practice external
connections through the terminals, reinforcing
their knowledge of working principles and
enhancing their system assembly skills.



Moreover, the model can simulate faults,
allowing learners to practice detecting and
troubleshooting issues during operation. This
enhances problem-solving skills and improves
their ability to inspect and maintain the system.
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Figure 2. Side view of the smart starting system
model for remote automobile control via smartphone.

2.2.3. Starting system controller via smartphone

Currently, various technological solutions are
used to control electromechanical systems. One
commonly used solution is employing pre-
designed boards, such as Arduino boards.
Arduino is an open-source development platform
designed to simplify the programming and
deployment of embedded systems. Arduino
offers an efficient solution for developing
automation, control, and monitoring applications
with its flexible hardware architecture and
extensive software libraries. A key feature of
Arduino is its compatibility with numerous
sensors and modules. Arduino typically uses
megaAVR chips and supports communication
through protocols such as 12C, SPI, and UART.
This versatility has made Arduino popular in
academic research and industrial applications,
education, and personal creative projects.

Table 1. Technical specifications of the controller.

SCK: D13)

8 | Operating Voltage | 5V

No Specification Value
name
1 | Microcontroller QTmega328/ATmega328
32 KB (2 KB used for
2| Memory bootloader)
3 | Total I/0 Pins 22 (14 Digital, 8 Analog)
. 6 (D3, D5, D6, D9, D10,
4 | PWM Pins D11)
5 UART N 1 channel
Communication
6 12C 1 channel (SDA: A4,
Communication SCL: A5)
7 SPI 1 channel (SS: D10,
Communication MOSI: D11, MISO: D12,

Moreover, the model can be connected to
the controller, transforming a traditional starting
system into an innovative system via smartphone.
This system can update information about the
engine's status, such as speed and temperature,
and control other systems like turning on the air
conditioning, locating the car, etc., while
ensuring safety conditions during startup.
Integrating innovative technology enhances
efficiency and convenience and helps learners
grasp concepts related to automation and remote
control, thereby improving their skills and ability
to apply technology in real-world scenarios.
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Figure 3. Control flow diagram of the smart starting
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2.3. Application of the model in teaching

2.3.1. Integration of theory and practice using
the model

To complete the learning task, students should
first scan the QR code to self-study the
theoretical part, ensuring they clearly understand
the system's structure and operating principles.

Students can identify each detailed system
component visually and dynamically through the
model. This helps them understand the structure
and function of the components and easily relate
to the overall and logical principles of the
system's operation.#
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Next, students can connect the terminals
and start the system while also measuring the
parameters based on the theoretical knowledge
they have learned. During this process, students
can use the fault simulation tool to emulate faults,
observe the system's response, analyze the
causes, and learn how to fix the issues. This
activity not only helps them master system
operations but also equips them with practical
troubleshooting skills.

Figure 5. Practicing operation and parameter
measurement of the starting system through external
terminals.

On the model, disconnecting the terminals
allows for practicing reconnection of the
electrical circuit through external terminals. This
process enhances wiring skills and reinforces
related knowledge while improving the ability to
apply practical solutions accurately and
effectively.

Figure 6. Practicing wiring of key and Start/Stop
button starting systems on the model.

Finally, students report their results by
documenting  the  process,  measurement
parameters, encountered faults, and solutions.
They also reflect on lessons learned and propose
improvement solutions through a QR code
system, enabling students and instructors to

quickly track and evaluate the learning process.
Through the application, lecturers can assess
performance online and quickly generate
statistical result reports.

2.3.2. Application of smart starting system
controller conversion on the model

Conversion on the model by performing simple
tasks such as connecting power and signals like
brakes, door locks, engine speed, and cabin
temperature, a conventional starting system can
be upgraded to an innovative starting system
controlled remotely via a remote or smartphone.

The smartphone control  application
supports smart starting and integrates many other
valuable features, such as monitoring the
vehicle's operational status, updating cabin
temperature, controlling air conditioning on/off,
and locating the vehicle. When the engine
temperature reaches the desired level, the system
automatically turns off the engine to ensure
comfort and fuel efficiency. AIll actions are
carried out under maximum safety conditions.
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Figure 7. Schematic diagram of control and interface
on smartphone.

2.4. Evaluation of the effectiveness of the
model application in teaching

A survey was conducted to evaluate the model's
effectiveness on two groups of K44 students (16
students/group) from the Department of
Automotive Engineering, Quy Nhon University.
The groups included a control group (A) and an
experimental group (B). These students had
completed the course on Automotive Electrical
and Electronics Systems. They continued the
course on Internal Combustion Engine Practice
(Lesson on Maintenance and Repair of the
Starting System, 5 hours).

The objective of the survey is to assess the
student's initial knowledge and skills regarding
the starting system while also determining the
effectiveness of the learning process when
applying the practical model.



To evaluate the efficacy of using the
model, several statistical methods are applied,
including:

* The formula for calculating the average
score:
5 _ XX
X ==
N 1)

* Formula for calculating the standard

deviation:
oD = ,Z(XT—X)Z
2)

Trong do:

SD: Standard deviation.

Xi: Score of each student.

X: Average score.

N: Total number of students.

2.4.1. Results of assessing students' knowledge
base on the starting system

After surveying two student groups, A and B,
with an assessment format that includes a
maximum score of 100, the evaluation consists of
a multiple-choice test assessing theoretical
knowledge (50 points) and an exercise for
identifying images and diagrams to evaluate
recognition skills (50 points). The percentage of
students meeting the requirements is recorded as
follows:
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Figure 8. Chart of the results assessing students'
knowledge base on the starting system for Groups A
and B.

The results show that the two groups, A
and B, are relatively similar in ability. Group B
has a higher average score than Group A (62.1
compared to 60.4), indicating better performance.
However, the standard deviation for Group B is

larger (8.7 compared to 7.8), which suggests that
the scores in Group B are more varied, while
Group A's scores are more stable and consistent.
These data are an essential basis for evaluating
the effectiveness of learning when applying the
model of the starting system that the research
team is developing.

2.4.2. Results of evaluating students' practical
skills and ability to apply theory when using the
model

During the practical course on Internal
Combustion Engines, a survey was also
conducted to assess two groups of students, A
and B. Group A practiced with individual
components (traditional method). In contrast,
Group B practiced using the model of the starting
system. Following this, their practical abilities
and the application of theory to real-life scenarios
were evaluated on a Toyota Vios (2013) at the
Automotive  Practice Center, Quy Nhon
University.

The survey aimed to evaluate and compare
the practical skills and the ability to apply theory
in practice among students, with a maximum
score of 100. The assessment focused on specific
skills, including connection (40 points),
measurement (30 points), logical analysis (20
points), and fault troubleshooting (10 points).
The percentage of students meeting the
requirements for each group is also recorded and
analyzed in the following chart:
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Figure 9. Chart of the results assessing practical skills
and the application of theory by Groups A and B when
applying the model.

The results show a clear difference in
capabilities between Groups A and B. Group B
has a higher average score than Group A (74.4
compared to 56.7), indicating that Group B
performed better overall. Additionally, the
standard deviation of Group B is smaller (9.9
compared to 12.3), indicating that the scores in
Group B are more concentrated around the

6



average, reflecting more stability and consistency
in the learning outcomes. In contrast, Group A
has a larger standard deviation, suggesting a
greater spread of scores, which may include
students with very high and very low scores.

2.4.3. Results of teaching evaluation by lecturers
when using the model

The survey assessed the effectiveness of using
the model in teaching with 09 instructors from
the Department of Automotive Engineering at
Quy Nhon University, including both Full-time
and Adjunct lecturers who participated in
teaching using the model.

The survey focused on four main criteria:
reducing preparation and teaching time,
supporting theoretical and practical teaching,
reducing the time required to assess learning
outcomes, and enhancing teaching effectiveness.
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Figure 10. Chart of evaluating the teaching
effectiveness of lecturers when using the model.

The survey results are summarized and
presented in the chart, reflecting the level of
satisfaction of lecturers with each criterion when
applying the model in teaching practice. Most
lecturers agreed that the model is effective in
reducing lesson preparation time and saving time
and effort in grading and evaluating student
performance, especially for technical and
practical content. They also emphasized the
model's outstanding ability to simulate real-life
scenarios, creating a strong bridge between
theory and practice.

However, some lecturers pointed out areas
that need improvement, particularly concerning
the safety features of the controller when
installed in vehicles. Specifically, they suggested
solutions to handle situations when the controller
malfunctions. Additionally, they recommended
adding safety protection mechanisms to the
model to minimize risks when incorrect
connections are made.

These comments not only clarify the value
and effectiveness of the model but also provide
important  suggestions ~ for  improvement,
enhancing its ability to meet practical teaching
requirements, which will contribute to greater
effectiveness in the future.

2.4.4. Evaluation of the effectiveness of installing
the controller on the learning vehicle model at
the University

The smart engine starter controller, controlled via
smartphone, was installed and converted on a
Toyota Vios (2013) at the Automotive Practice
Center of Quy Nhon University. It has proven
effective when applied in practice. The device
operates stably, meets the requirements for
controlling the engine via smartphone, and
provides a modern system that aligns with today's
advanced automotive technology.

During the training process, the controller
helps students access and practice with dapper
starting systems, enhancing their skills in
operation, installation, and conversion of
conventional starting systems into smart ones.
The application of this controller has contributed
to modernizing teaching methods and improving
the quality of automotive engineering education
at the University.

However, to  optimize  long-term
effectiveness, it is necessary to consider the costs
of upgrading features and making the system
more compact to better align with technology in
future modern vehicles.

3. CONCLUSION

A smart starting system model controlled
remotely via smartphone for automobiles has
delivered practical value in innovative teaching
methods and enhanced the quality of education in
the field of automotive engineering. The model
not only provides an interactive learning tool that
helps students master the theory of automobile
starting systems but also effectively supports the
practice of essential skills such as wiring,
operation, fault diagnosis, and converting
conventional starting systems into innovative
starting systems.

The survey results show that the students
using the model achieved a significantly higher
average score (74.4 compared to 56.7) than the
group following traditional methods, with more
stable and consistent learning outcomes. Lectures
also highly appreciated the model, emphasizing
that it reduces lecture preparation time, enhances
teaching efficiency, and improves students'
ability to access real-world technology.



This model meets the demand for
improving the teaching quality at the Automotive
Practice Center of Quy Nhon University and
paves the way for new advancements in applying
modern technology to education. In the future,
the starting system controller should continue to
develop to optimize the system, enhance security
and safety features, and expand its applicability
to modern vehicle lines. This marks a significant
step forward, contributing to higher training
quality and preparing students to meet the
demands of an increasingly competitive
automotive industry and labor market.
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