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Abstract. This  study  aims  to  develop  an  outcome-based  learning  approach  in
Automotive  Mechatronics  skills  by  utilizing  NodeMCU  ESP8266  as  a  hardware
platform. This approach involves a project-based learning model where students design
and  develop  Comfort  Safety  Information  and  Technology  (CSIT)  for  vehicles.  This
system  integrates  Internet  of  Vehicle  (IoV)  technology  through  the  Back  Door
(open/close) System (BDS) in the form of a prototype. This study involved eight students
who studied in groups to develop the system for 21 days. The results showed that this
approach effectively improved students' skills in Automotive Mechatronics, especially in
designing and developing IoV-based systems. This study also highlights the importance
of considering the rapid technological advances in the automotive sector and the need for
continuous curriculum updates to ensure that graduates are ready to work in the industry.

Keywords: Automotive Mechatronics, NodeMCU ESP8266, Internet of Vehicles (IoV),
Comfort Safety Information and Technology (CSIT).

1 Introduction

The  field  of  Automotive  Mechatronics  encompasses  a  multidisciplinary  approach  that
combines mechanical, electronic, and software systems in vehicles  [1]. Classes in learning
Automotive  Mechatronics  must  integrate  knowledge  and  competencies  across  fields,
including automotive-specific mechanics, electronics, communications, and advanced controls
[2]. However, in practice, the mismatch between what is taught in class and the skills needed
in the workplace is a significant factor [3].

The pace of technological progress significantly influences this gap, resulting in a delay in
integrating new technologies into the higher education curriculum and a skills gap between
graduates  and  industry  requirements  [3].  To  develop  student  creativity,  an  Automotive
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Mechatronics system based on students' ideas, such as mechanical design, electronic circuit
design,  and  microcomputer  programming  [4],  is  necessary.  However,  students  must  also
consider the knowledge of software engineering, especially the design and testing process [5].

Implementing outcomes in learning is transforming new Automotive Mechatronics technology
into the UNIMED Automotive Engineering Education curriculum; this effort requires several
additional supporting media, including the NodeMCU electronic board used as an electronic
control on the car [6]. The NodeMCU microcontroller board is a medium that assists students
in learning because it is considered low-cost, easy to use, and also used by industry [7].

The NodeMCU microcontroller also facilitates integration between hardware and software as
an  Internet  of  Things  (IoT)  solution  [8].  This  technology is  essential  in  designing  driver
comfort to reduce passenger anxiety related to comfort in autonomous vehicle scenarios [9].
The process involves parallel vehicle system management connected to Internet of Vehicles
(IoV) information management to improve driver safety, reliability, and efficiency [10].

Research  efforts  to  encourage  technological  transformation  in  Automotive  Engineering
Education are carried out. One such effort is to utilize the Node MCU ESP8266 hardware
board device as a microcontroller media to facilitate the design of Comfort Safety Information
and Technology (CSIT) projects based on IoV. This implementation aims to improve students'
skills in Automotive Mechatronics through a project-based learning model.

2 Literature Review

2.1 Automotive Mechatronics

As  a  technological  transformation,  Mechatronics  is  needed  in  many  sectors,  such  as
agriculture, health care, security, and transportation[11]. In transportation in motor vehicles,
the  Automotive  Mechatronics  system continues  to  change;  the  integration  of  mechanical,
electrical, and software components in modern vehicles requires education to prepare students
with a multidisciplinary approach, including mechanical, electronic, and software engineering
because  this  can  introduce  the  concept  of  Industry  4.0,  this  change  in  the  process  is
accompanied by the development and skills possessed by lecturers [1][2][12].

While focusing on improving automotive mechatronics skills is essential, it is also important
to consider potential challenges, such as the need for continuous curriculum updates to keep
pace with rapid technological advances in the automotive sector [1].

2.2 Internet of Vehicle (IoV) 

Internet of Vehicles (IoV) is a sub-technology of the Internet of Things (IoT) in intelligent
transportation  systems,  such  as  vehicle-to-vehicle,  vehicle-to-road,  vehicle-to-person,  and
vehicle-to-equipment  communication  [13].  IoV  combines  various  technologies  such  as
Vehicle-to-Everything  (V2X),  Vehicle-to-Vehicle  (V2V),  Vehicle-to-Infrastructure  (V2I),
Vehicle-to-Pedestrian  (V2P),  Vehicle-to-Network  (V2N)  communication  [14][15].  IoV
technology  in  the  learning  environment  for  sustainability  needs  to  be  experimented  on
regarding the professional competence of students in automotive mechatronics [16]. The goal
is to  create a  learning environment rich in  intelligent  technology knowledge for  students,



which is very important but sustainable considering the rapid technological progress in the
automotive sector [3].

2.3 Comfort Safety Information and Technology (CSIT)

Integration of Comfort Safety Information and Technology (CSIT) with IoV, one of which is
Vehicle  to  Network  (V2N),  which  is  a  system  of  intelligent  transportation;  this  system
provides  passenger  safety  and  comfort  in  autonomous  vehicle  applications  [17][18].  This
innovation  utilizes  sensors  and  other  intelligent  electronic  device  components,  providing
monitoring  facilities  and  the  welfare  of  drivers  and  passengers  [19].  It  is  concluded that
integrating  future  automotive  technology  will  be  very  important  if  it  encourages  user
satisfaction to facilitate several user elements  [20].

2.4 Project Based Learning (PBL) 

Project-based  Learning  (PBL) is  a  practical  pedagogical  approach  to  improving  technical
skills by providing students with hands-on experience in real-world projects [21]. Increasing
students'  psychomotor skills  allows them to form a way of thinking and to experiment in
preparing  for  innovative  and  entrepreneurial  roles  in  the  automotive  sector  [22][23].  The
implementation  of  improving  students'  skills  in  Automotive  Mechatronics  professional
competencies is carried out in a group learning environment, the process through providing
field assignments and projects in the laboratory; the planned product is the concept of CSIT
application in autonomous vehicles [24][25]. 

3 Research Design

Internet of Vehicle (IoV) technology on Comfort Safety Information and Technology (CSIT)
in vehicles as a prototype product developed by eight students in the Automotive Engineering
Education Study Program as  a  final  project  for  the Automotive Electrical  and Electronics
Engineering (AEEE) course. Teaching Automotive Mechatronics skills on the IoV Back Door
(open/close) System (BDS) prototype in Multipurpose Vehicles (MPV) to students is the goal
and learning achievement of the Automotive Electrical and Electronics Engineering (AEEE)
course according to the needs of graduates, in this case, the description of the competencies to
be achieved refers to the Decree of the Minister of Manpower Number 167 of 2019 SKKNI
for  Automotive  Engineering,  Subsector  of  the  Automotive  Engineering  Field.  The
instructional approach is used to achieve the learning objectives of making the Back Door
(open/close) System (BDS). The results of the theoretical study analysis determined that the
prototype creation method was iterative design through the stages of (1) Field Observation, (2)
Hardware Selection, (3) Software Selection, (4) BDS System Development, and (5) Product
Function Testing. 



4 Discussion

4.1 Field Observation

Data collection is obtained from field observation result sheets that are analyzed to provide
more comprehensive information, such as data on the development of technology that has
been applied to Multipurpose Vehicle (MPV) vehicles. The results of field observation data
acquisition are on the development of the Back Door (open/close) System (BDS); at this stage,
the data expansion is as follows:

a The results of the CSIT BDS technology analysis were carried out on MPV vehicles, Toyota
Innova Reborn cars, production year 2020. The findings of the CSIT technology observation
on  the  Toyota  Innova  Reborn  MPV  vehicle  show  that  the  rear  door  is  operated
mechanically, so it can be concluded that it is not equipped with BDS technology.

Fig. 1. Documentation Photos During Observation

b Report  on  the  results  of  field  observation  and  draft  layout  drawings  of  initial  product
prototypes for mechanical systems using CAD software.

  

Fig. 2. Field Observation Results Report



Fig. 3.  Draft Layout of Mechanical Design with CAD Software

4.2 Hardware Selection

The selection of the Internet of Vehicles (IoV) as the basis for determining hardware through
the identification of integration between vehicles and the Internet, which allows vehicles to
communicate with each other and the surrounding infrastructure [14]. This technology allows
various  technologies,  including  sensors  and  wireless  communication  protocols,  to  allow
vehicles to communicate with each other and the infrastructure [15][19]. This communication
will enable it to be applied to various intelligent applications, including CSIT on the Back
Door (open/close) System (BDS). IoV technology on BDS allows designing a cost-effective
system  by  considering  its  hardware.  The  following  requirements  consider:  (1)  a
microcontroller  that  can  communicate  wirelessly,  (2)  an  IoT  network  so  that  the
microcontroller can communicate (WIFI router), (3) actuators are used to move or control
mechanical devices.

The microcontroller capability is required to have a minimum data storage memory of 4 MB,
the  system  performance  speed  is  needed  to  be  at  least  80  MHz,  has  general  purpose
input/output that is not too much according to what is required, the microcontroller at least
supports WiFi 2.4 GHz, supports programming languages  used such as C ++ and Python,
allows the use of Arduino libraries and frameworks to create programs. The description of the
theoretical  study  above can  determine  the  microcontroller  device  according  to  the  needs,
namely the NodeMCU ESP8266 [6] [7].

Next,  ensure  wireless  communication  with  the  WiFi  router  that  has  been  appropriately
configured so that it can be connected with the microcontroller to the WiFi router using a
WiFi connection  [8].  Ensure that  the IP address  configuration on the microcontroller  can
communicate with the WiFi router or in another way using the Dynamic Host Configuration
Protocol (DHCP) is obtained automatically [7].

The  selection  of  the  actuator  type  as  a  BDS  prototype  configuration  ensures  optimal
performance  and  efficiency,  in  this  case,  the  control  of  mechanical  devices  through
consideration of the kind of movement, torque, speed and accuracy, size and weight, power,
and efficiency [6]. The results of the analysis the type of actuator according by the needs of



the mechanical  device;  the movement is  rotation as  the optimal one,  then the appropriate
actuator is a DC motor or stepper motor [26].

4.3 Software Selection

The selection of software applications as an operating system, its function is as an electronic
control  controller  through  the  input/output  device  process  by  considering  the  operating
systems that are frequently used by most people, namely Windows, macOS, Android, and iOS
[27]. 

The  results  of  selecting  the  most  appropriate  software  to  meet  the  operating  needs  of
hardware, in this process through a comparison of several software options according to the
technical calculations of use [28][29], the stages of software selection include (1) determining
the  technical  specifications  needed  that  can  communicate  long  distances  equipped  with
intuitive  interface  devices  for  users  and  compatible  with  vehicle  systems,  (2)  exploring
available  hardware  that  is  predominantly  used,  namely  Windows  and  Android  operating
systems, but must be open source considering cost efficiency, (3) comparing several software
applications according to hardware needs. The analysis results are determined for the Android
operating system using the Blynk application, while additional options outside the software
use Google Cloud Speech-to-Text.

4.4 BDS System Development

After the specifications for the hardware and software devices were determined, the next step
was to create the Back Door (open/close) System (BDS) by 8 (eight) students. This process
was carried out outside face-to-face class hours for 40 assignments by the lecturer for 21 days.
The method of creating the Back Door (open/close) System (BDS) product can be seen in
Figure 4 and the video link below.

   
Video Link: https://drive.google.com/file/d/1IIK_bu9-hP1tug822YPy69JEO5YWsbm9/view?

usp=sharing
Fig. 4. Back Door (open/close) System (BDS) Creation Process

https://drive.google.com/file/d/1IIK_bu9-hP1tug822YPy69JEO5YWsbm9/view?usp=sharing
https://drive.google.com/file/d/1IIK_bu9-hP1tug822YPy69JEO5YWsbm9/view?usp=sharing


4.5 Product Function Test 

At this stage, it is essential to do so because in the product manufacturing process, especially
in the results you want to see, it  is the connectivity between hardware and software. This
action mainly intends to ensure that the developed product meets quality standards and is as
expected. The results of the function test show that the prototype product is functioning well,
but there are weaknesses in the internet connectivity network because the hardware device
only supports 2.4 GHz WiFi; for the following action, consider a microcontroller that supports
WiFi more than 2.4 GHz because of  the unstable connection problem. The results of  the
product function test can be seen in Figure 5 and the video link below.

Video Link: https://drive.google.com/file/d/1RZBPRSTQbGuHrywxmPyH9JOGsbtBQraP/view?
usp=sharing

Fig. 5. Back Door (open/close) System (BDS) Function Test

5 Conclusion

The main objective of this study is to see how the outcome-based learning mechanism by
utilizing the NodeMCU ESP8266 media board as a hardware device to improve Automotive
Mechatronics skills applied to group project assignments for 21 days (40 hours) to create a
prototype  product  of  the  IoV  Back  Door  (open/close)  System  (BDS)  in  vehicles.  The
estimated completion time and estimated cost usage are shown in Table 1.

 Table 1. Time and Cost Estimates

Estimated Implementation Time (hours) Estimated Costs
Field Observation 4 IDR  30,000
Hardware Selection 5 Free
Software Selection 2 Open Source
BDS System Development Materials 9 IDR 120,000
Product Manufacturing and 
Functional Testing

20 Free

Total Estimate 40 IDR 150,000

The process of selecting hardware component materials is complicated by the need to wait
days for  materials  to  be purchased online,  which makes ship.  The follow-up to the  BDS
system produced is quite long and will be developed for direct application in actual vehicles.
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