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Abstract: This research presents the design, development, and implementation of a mini smart car
prototype that operates using Internet of Things (IoT) technology. The system is built around the
ESP8266 microcontroller (Amica version), which functions as the core processing unit responsible for
handling Wi-Fi communication and data processing. The motion of the car is controlled by an 1.298
motor driver module that regulates the operation of DC motors. The entire system is powered by a
3.7-volt rechargeable battery, ensuring portability and energy efficiency. The study discusses in detail
the hardware configuration, software programming, and integration of loT-based control through a
web or mobile interface. Functional testing of the prototype, named MINIOT, focuses on evaluating
the responsiveness, stability, and reliability of remote control operations. The results are expected to
show that the system can effectively receive and execute user commands while transmitting real-time
telemetry data, such as motor status and connection indicators. This project demonstrates the feasibility
of low-cost IoT-based automation for small-scale robotic applications.
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1. Introduction

The advancement of digital technology and embedded systems has driven the
development of various automated devices that are increasingly sophisticated and efficient.
One interesting implementation of this technology is in smart vehicles (smart cars), which are
capable of moving and making decisions independently based on data from their
surroundings. In educational and prototyping contexts, the Arduino Uno combined with IoT
has become a popular choice due to its ease of programming and flexibility in integrating with
various sensors and actuators, thus enabling the design of an automatic vehicle system that is
simple yet functional(Chaudry, 2020).

The Internet of Things, or 10T, is the concept in which all objects in the world can
communicate with one another as part of an integrated system that uses the internet as a
connector(Swathi et al., 2018). The rapid development of the Internet of Things (IoT) has
opened opportunities for innovation in vatious fields, including robotics. One particularly
interesting area is the development of intelligent and connected mini robotic vehicles(Adi
Winarno & Affandi, 2022).

This research focuses on the design of an IoT-based mini smart car, "MINIOT" which
utilizes the ESP8266 (Amica) microcontroller as the control center and the 1.298 motor driver
module for movement (Nuratch, 2017). The selection of the ESP8266 Amica is based on its
built-in Wi-Fi capability, which facilitates remote communication with the control device. Its
processing power and available GPIO pins make it ideal for managing the car’s control logic
and data communication (Rajunaik & Amareswer, 2023).

The 1298 module was chosen for its ability to control two DC motors independently,
enabling forward, backward, and turning movements on the MINIOT. An IoT-based mini
smart car like MINIOT has potential applications in education, allowing interactive learning
about electronics, programming, and IoT concepts. In addition, this platform is also appealing
for hobbies and experimentation, enabling users to develop personalized control and
integration with other sensors or 10T platforms (Zinkevich, 2021).
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Although previous studies have explored the use of ESP8266 and 1.298 in robotics,
research that specifically documents the design and implementation of an IoT-based mini
smart car using the combination of both, with a focus on system architecture, control
software, and functional testing, still needs to be further explored (Fransiska et al., 2013).

This research aims to present in detail the design and implementation process of the
MINIOT prototype, focusing on the integration of the ESP8266 Amica for IoT connectivity
and the L.298 for motor control. The results of this study are expected to provide a meaningful
contribution and serve as a reference for the development of IoT-based mini robotic systems
using affordable and accessible components, as well as to validate the effectiveness of
combining the ESP8266 and L.298 in creating a responsive and interconnected mini smart car
platform.

2. Proposed Method

In this research, several stages are applied to design a system based on engineering
technology. The purpose of this system is to develop a prototype of a mini smart car named
MINIOT, which can be controlled through the Internet of Things (IoT) network. The
research method is carried out in several stages as follows:

Study Literature and Identification

The initial stage involves a study of the ESP8266 microcontroller (Amica version), the
1298 motor driver, as well as the basic principles of IoT communication and DC motor
operation. In addition, an analysis of the system requirements is carried out, focusing on
movement functions and remote control.

Design System
The system design in this research includes:
Hardware Components

The system is developed using the ESP8266 Amica as the control center and Wi-Fi
connection, the 1.298 motor driver to control two DC motors for wheel movement, and
3.7-volt lithium battery as the main power source.

Software Components

Programming is carried out using the Arduino IDE with a Blynk-base application
interface, which enables users to control the car via the internet.

Prototype Design

After the design phase is completed, all components are assembled into a mini car
prototype. Integration is catried out between the ESP8266, motor driver, DC motors, wheels,
and battery, in accordance with the system’s functional design.

Prototype System Testing

Testing is conducted to evaluate the system’s performance in responding to movement
commands from the application, the stability of the network connection, and the efficiency
of power consumption. The car’s response to directional commands (forward, backward,
turn) is directly observed.

Prototype Evaluation and Analysis

The test results are analyzed to assess the feasibility of the system from both technical and
operational aspects. The evaluation includes response speed, connection stability, and battery
endurance during operation.
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3. Results and Discussion
Integration of ESP8266 Microcontroller & Blynk

The design results of the MINIOT smart car using the ESP8266 microcontroller require
integration with the Blynk software to control the movement of the MINIOT smart car,
allowing it to be operated via a mobile phone.

#define BLYNK TEMPLATE ID "TMPL6EerbseSu”
#define BLYNK TEMPLATE_NAME “Mobil keren"
#define BLYNK PRINT Serial

#include <ESP8266WiFi.h>

#include <BlynkSimpleEsp8266.h>

(Source: Personal Documentation, 2025)
Figure 1. Initialization of Blynk Template and ESP8266 Library

Figure 1 explains BLYNK_TEMPLATE_ID & BLYNK_TEMPLATE_NAME: These are
the Blynk template ID and name used to connect the Blynk application with the device
(ESP8266). BLYNK_PRINT Serial: Specifies that Blynk output will be displayed through the
Serial Monitor. #include <ESP8266WilFi.h> & #include <BlynkSimpleEsp8266.h>. Import
the libraries required for Wi-Fi connection and communication with the Blynk platform via
ESP8266.
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(Source: Personal Documentation, 2025)

Figure 2. Motor Control Pin Definition Commands on ESP8266

Figure 2 explains the ESP8266 microcontroller pins used to control the motors through a
motor driver (such as L298N). The ENA and ENB pins are used to control motor speed
using PWM signals, while pins IN1 through IN4 are used to set the rotation direction of the
two motors, with two pins assigned to each motor. This combination allows the
microcontroller to control both the direction and speed of the motors independently, which
is essential for controlling the movement of robotic vehicles.

int x = 56;
int y = 50;
int Speed;

(Source: Personal Documentation, 2025)

Figure 3. Joystick Variable Definition Commands and Blynk Connection Parameters

The code section in Figure 3 defines variables to store the values from the joystick widget in
Blynk, namely x and y for movement direction and Speed for motor speed.
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char auth[] = "hIkVaUuUfENoC9IBbIXnK4JEJYZNMiMR";
char ssid[] = "Aldi Firdaus"; : I
ar pass[] = "11111111";

Figure 4. Blynk and Wi-Fi Connection Variables

The code section in Figure 4 contains three important variables for connecting the
microcontroller to the Blynk platform via a Wi-Fi network. The auth variable stores the
authentication token obtained from the Blynk application, while ssid and pass are used to
store the Wi-Fi network name and password, respectively. These three variables enable the
ESP8266 device to connect to the internet and communicate with the Blynk server to perform
remote control functions.

ode(IN1, OUTPUT);
inMode(IN2, OUTPUT);
pinMode(IN3, OUTPUT);
pinMode (IN4, OUTPUT);
pinMode (ENB, OUTPUT);

(Source: Personal Documentation, 2025)

Figure 5. Serial Initialization and Motor Pin Configuration

Figure 5 explains the part of the setup() function used to initialize serial communication and
set pin modes as outputs. The command Serial.begin(9600); is used to start serial
communication at a baud rate of 9600, which is useful for debugging purposes. Meanwhile,
the pinMode() command is used to configure all motor control pins (ENA, ENB, IN1-IN4)
as outputs, allowing these pins to control the motors according to the program commands.

ot
-

,
4]
5]

h, ssid, pass, "blynk.cloud”, 8@);

o
w
e

(Source: Personal Documentation, 2025)

Figure 6. Initialization of Connection to Blynk via Wi-Fi

Figure 6 shows the command Blynk.begin(auth, ssid, pass, "blynk.cloud", 80); which
functions to connect the ESP8266 microcontroller to the Wi-Fi network and the Blynk
platform. This function uses the authentication token (auth), Wi-Fi name (ssid), and Wi-Fi
password (pass) to establish the connection. With this initialization, the device can connect
to the Blynk server, allowing it to be controlled remotely through the Blynk application.
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y = param[@].asInt();
BLYNI ‘.'.Hl'i(l'vz::
Speed = param.asint()

(Source: Personal Documentation, 2025)

Figure 7. Input Function Initialization

Figure 7 shows the functions BLYNK_WRITE(V0),

BLYNK_WRITE(V1), and

BLYNK_WRITE(V2), which are used to handle input from widgets in the Blynk application.
Each function captures the values sent by the user through the application and stores them

into variables:

VO retrieves the horizontal joystick value and stores it in the variable x.
V1 retrieves the vertical joystick value and stores it in the variable y.

V2 retrieves the value from the slider widget to set the motor speed and stores it in the variable

Speed.

(Source: Personal Documentation, 2025)

Figure 8. Loop Function for Running Blynk Connection and Car Control

Figure 8 explains two main function lines:

Blynk.run() is maintains the active connection with the Blynk platform and handles incoming

events from the application.

Smartcar() is calls the main function to read joystick input and move the car according to the

input conditions.
Hardware Testing

After all the circuits were integrated into the MINIOT IoT-based mini smart car using
ESP8266 and L.298, the next step was the assembly of all the completed circuits. Below is an
image of the finished IoT-based mini smart car built with ESP8266 and L1298, as shown in

Figure 9.
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(Source: Personal Documentation, 2025)
Figure 9. MINIOT System Design Results

Programmer Downloader Testing

Testing of the downloader system was carried out by transferring program data from the
computer to the NodeMCU ESP8266 microcontroller. The downloader was first connected
to the laptop via the USB port. The program, which had been written using the Arduino
software, was then compiled and uploaded to the microcontroller. If the downloading process
runs without errors, it indicates that both the downloader and the microcontroller are
functioning propetly.

Hardware Testing Results

After the hardware has been programmed into the microcontroller and executed using the
downloader, the program will be automatically integrated into the microcontroller. The result
of this process can be seen in Figure 10.

(Source: Personal Documentation, 2025)

Figure 10. Design Hardware MINIOT

From Figure 10 regarding the MINIOT hardware design, it can be explained that the first
stage is controlling the car using a mobile phone with the Blynk Android application. The
second stage is moving the car forward, backward, turning right, and turning left using the
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joystick feature configured in Blynk, and the final stage is turning the car on and off, which is
done using a switch located at the back of the car.
Software Testing Results

To obtain the results of testing the MINIOT: Mini Smart Car Design based on 10T, the
Blynk application was used as a medium to monitor control remotely. The results of this
testing can be seen in Figure 11.

Mobil Keren «

(Source: Personal Documentation, 2025)

Figure 11. Car Testing Results Using Blynk

4. Conclusion

This research successfully designed and implemented a prototype of a mini smart car based
on the Internet of Things (IoT), named MINIOT. The system uses the ESP8266 (Amica)
microcontroller as the control center, handling Wi-Fi connectivity and command processing,
and the L298N module as the DC motor driver for car maneuvers. The prototype was
successfully controlled remotely through the Blynk application, featuring full movement
capabilities (forward, backward, turn right, turn left) and good responsiveness to user input.
The test results showed that the system operates stably, is efficient in terms of power
consumption, and is easy to operate. This platform has high potential as an educational tool
in the STEM field, as well as being suitable for experimentation and technology hobbies.
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