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Abstract 
This study presents the design and implementation of an IoT-based automated conveyor system using the ESP32 
microcontroller and Telegram bot for remote control. The system integrates the L298N motor driver to precisely 
control the speed and direction of a 12V DC motor. Telegram serves as the communication platform, enabling real-
time notifications, remote monitoring, and operational control, thereby enhancing user convenience and operational 
flexibility. The experimental results demonstrate the system's stability across various operating conditions. Testing 
revealed consistent performance in controlling motor speed and direction without overheating or disruptions, even 
during extended operations. The system effectively integrates IoT and automation technologies to provide a scalable, 
cost-effective solution for modern industrial conveyor systems. This research contributes to the advancement of 
Industry 4.0 by addressing the growing demand for efficient, remote-controlled automation. The proposed system 
offers significant potential for application in industrial settings, emphasizing reliability, ease of use, and adaptability. 
Future enhancements could focus on incorporating additional sensors and advanced analytics to improve system 
intelligence and extend functionality. 
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Introduction 
The advent of Industry 4.0 has ushered in a new era of smart manufacturing and automation, leveraging advanced 
technologies such as the Internet of Things (IoT), artificial intelligence, and real-time data analytics [1], [2]. Among these 
innovations, IoT-based automation systems have gained significant traction for their ability to enhance operational 
efficiency, reduce human intervention, and enable seamless remote monitoring and control [3]. In this context, conveyor 
systems, which are integral to industrial processes such as material handling and production lines, present an ideal domain 
for IoT-driven enhancements [4], [5]. 

This study focuses on the development of an IoT-based automated conveyor system utilizing the ESP32 
microcontroller, integrated with Telegram as a remote control platform [6], [7]. The integration of Telegram, a popular 
instant messaging application, as a control interface offers several advantages, including cross-platform accessibility, real-
time communication, and ease of implementation without additional hardware requirements [8], [9]. By employing the 
ESP32, a versatile microcontroller with built-in Wi-Fi and Bluetooth capabilities, the system achieves reliable wireless 
connectivity and efficient control of the conveyor mechanism [10], [11]. 

The proposed system not only allows for remote operation of the conveyor but also incorporates features such as real-
time monitoring, status notifications, and adaptive control mechanisms [12], [13]ss. These functionalities aim to improve 
user convenience, operational flexibility, and overall system performance. Furthermore, the integration of IoT and 
Telegram bot technology provides a cost-effective and scalable solution for industries aiming to modernize their conveyor 
systems [14], [15]. 

This paper presents the design, implementation, and evaluation of the IoT-based automated conveyor system. It 
discusses the architecture of the system, the role of the ESP32 microcontroller, and the implementation of the Telegram bot 
for remote control [8]. The experimental results demonstrate the efficacy of the system in achieving seamless remote 
operation and monitoring, offering insights into its potential applications and benefits for various industrial settings [16]. 

Literature Review 
The ESP32 is a highly integrated microcontroller with built-in Wi-Fi and Bluetooth capabilities, widely recognized for its 
versatility in IoT applications [17]. It features a dual-core processor, low power consumption, and support for a wide range 
of sensors and modules [12], [18]. The ESP32 is frequently employed in automation systems due to its ability to handle 
real-time communication, process multiple tasks concurrently, and facilitate wireless control. Its compatibility with 
various programming environments, such as Arduino IDE, enhances its usability in academic and industrial projects [19], 
[20]. 

Conveyor systems are fundamental in industrial automation, enabling the seamless movement of materials between 
workstations [21] They are extensively used in industries such as manufacturing, warehousing, and logistics to improve 
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 efficiency and reduce manual labor [22]. Recent advancements have integrated smart technologies into conveyor systems, 
incorporating sensors, microcontrollers, and IoT for remote monitoring and control. Such systems improve productivity 
by providing real-time data on material flow and system performance [22]. 

The L298N motor driver is a robust and widely used component for controlling DC motors and stepper motors [23]. 
It features dual H-bridge channels, allowing it to control two motors independently or one motor bidirectionally [23]. The 
driver is compatible with a range of microcontrollers, including the ESP32, and can handle voltage inputs of up to 46V 
with a maximum current of 2A per channel. The L298N is often utilized in projects requiring precise motor speed and 
direction control, making it ideal for conveyor automation [24]. 

A stable power supply is essential for the reliable operation of motor drivers and actuators in automation systems [25]. 
A 12V power supply is commonly used in small-to medium-scale applications for its compatibility with motor drivers like 
the L298N and 12V DC motors [26], [27]. It ensures consistent voltage delivery, thereby preventing system malfunctions 
and enhancing the durability of electronic components [25], [28]. 

The 12V DC motor is a widely used actuator in conveyor systems due to its durability, efficiency, and simplicity [29]. 
It provides sufficient torque and speed for a variety of industrial applications, including material handling [21]. When 
paired with a motor driver such as the L298N, it offers precise control over the speed and direction of the conveyor belt. 
Its affordability and adaptability make it a popular choice in automation projects [22], [30]. 

Telegram bots have emerged as a popular tool for integrating communication with automation systems [31]. They 
enable users to interact with devices and receive real-time updates via a user-friendly messaging platform [32]. Telegram 
bots support various functionalities, including command-based control, data visualization, and notifications, making them 
highly suitable for IoT applications [33], [34]. With features such as secure communication, API support, and cross-
platform compatibility, Telegram bots simplify remote monitoring and control of automation systems [34], [35]. 

Materials & Methods  
Research Procedure 

The research procedure is illustrated in flowcharts designed to make the research process more effective. Two 
flowcharts are required: the first is for prototype development and the second is the block diagram of the fresh fruit bunch 
filling system prototype, as shown in the following figures. 

 

 
Figure 1. Research Flow Diagram 

 
The flowchart below illustrates the step-by-step process of developing a conveyor prototype system. The process 

begins with a literature study to gather relevant theoretical foundations and understand existing technologies. It continues 
with simulation development to visualize the working mechanism of the system. Once the simulation is deemed 
successful, the prototype design phase is carried out, followed by the physical fabrication of the prototype. Afterward, the 
prototype undergoes testing and performance evaluation to ensure functionality. A decision point determines whether the 
prototype operates as expected. If so, data collection and analysis of the prototype results are conducted. Finally, the 
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process ends with drawing conclusions based on the outcomes. This structured approach ensures a systematic and 
effective development of the conveyor prototype. 

 

 
Figure 1. System Flow Diagram 

 
Data Collection Method 

Data collection in this study was carried out through several stages. (1) A literature review was conducted to gather 
relevant literature and references as a strong theoretical foundation. (2) Prototype simulation was performed to test and 
optimize the design in a simulation environment before being physically implemented, in order to ensure its feasibility 
and functionality. (3) Prototype design includes planning the shape, materials, and integration of components such as 
ESP32, L298N motor driver, 12V DC motor, and other supporting hardware. 

In the (4) prototype construction stage, components such as the ESP32, L298N motor driver, 12V DC motor, power 
supply, and control system through a Telegram bot were assembled into a unified system according to the design. (5) 
Testing and evaluation of the prototype's performance were conducted to assess the system's performance under various 
conditions, such as conveyor speed, accuracy, and response to Telegram bot commands. 

The data generated from the testing was recorded in the (6) data recording stage, including performance metrics such 
as power consumption, motor efficiency, and system response time. The data was then analyzed in the (7) data analysis 
and prototype evaluation stage to identify the system's strengths and aspects that require improvement. The data collection 
process was concluded with the drawing of (8) conclusions, summarizing the analysis results, and providing 
recommendations for future system development. 

 
Design of the Conveyor Prototype 

4 mm thick plywood is used as the primary material for the conveyor structure. This material is chosen for its 
lightweight, sturdy, and easy-to-shape properties, providing excellent stability while supporting other components in the 
conveyor system. 

 
Table 1. Plywood Specification 

Feature Specification 

Material Plywood 
Thickness 4 mm 

Length 100 cm 
Width 50 cm 

 
The L298N motor driver functions as the controller for the DC motor in the conveyor system. This component enables 

the motor to move forward, backward, and adjust its speed as required. Its compact size makes it easy to install within the 
system structure. 

 
Table 2. Motor Driver L298N Specification 

Feature Specification 

Input Voltage 5V - 35V 
Maximum Current 2A per channel 

Dimensions 43 mm x 43 mm x 27 mm 

 
The 12 Volt DC motor serves as the primary driving component of the conveyor. It is selected for its adequate torque 

capability, which is suitable for moving light to medium loads. Its reliability makes it ideal for small to medium-sized 
conveyor applications. 
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 Table 3. 12 Volt DC Motor Specification 

Feature Specification 

Voltage 12 Volt 
Speed 150 RPM 

Maximum Torque 3.5 kg.cm 

 

The ESP32 is used as the main microcontroller in the conveyor system. Supporting Wi-Fi and Bluetooth connectivity, 
the ESP32 allows remote operation and integration with various sensors, making it a flexible and efficient choice for 
automated system control. 

 
Table 4. ESP32 Specification 

Feature Specification 

Input Voltage 3.3V 
Protocol Wi-Fi, Bluetooth 

CPU Dual-core 240 MHz 
Flash Memory 4 MB 

 
The 12 Volt power supply provides stable and consistent power to the motor and other components within the system. 

This ensures that all devices operate optimally without interruptions in power delivery. 
 

Table 5. 12 Volt Power Supply Specification 

Feature Specification 

Output Voltage 12 Volt 
Maximum Current 5A 

Type Switching 

 
The buzzer is used as an audio notification device in the conveyor system. It emits sound signals to alert users of 

events such as operational errors or the completion of processes, aiding operators in monitoring the system more 
effectively. 
 

Table 6. Buzzer Specification 

Feature Specification 

Operating Voltage 3.3V - 5V 
Sound Frequency 2 kHz 

Sound Level 85 dB 
Dimensions 12 mm x 12 mm 

 
The LCD I2C 16x2 serves as a display device to provide real-time information about the conveyor's status. It can 

show data such as error messages, sensor readings, or operational status, making it easier for users to monitor the system's 
performance. 

 
Table 7. LCD I2C 16x2 Specification 

Feature Specification 

Display Size 16x2 characters 
Interface I2C 
Voltage 5V 

Backlight Yes 

 
Prototype Frame Diagram 
 

 
Figure 2. Design and Prototype 

Figure 3. Design and Prototype presents the physical frame design of the developed conveyor prototype. The frame 
is constructed using 3 mm thick plywood (triplex), which offers a lightweight yet sufficiently sturdy structure for 
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prototype-level experimentation. The overall base dimensions are 26.5 cm in width and 58.5 cm in length, providing stable 
support for the entire system. The conveyor mechanism is powered by a 12V DC motor, which is mounted at the rear end 
of the frame. The motor is connected to a roller system that drives the conveyor belt. To control the motor, an L298N motor 
driver module is installed nearby, ensuring reliable operation and speed control. The vertical component of the frame, 
where the motor is enclosed, has a height of 29.5 cm, while the motor housing has a width of 8.5 cm and depth of 8 cm. 
The conveyor belt is positioned at a height of approximately 11.5 cm above the base platform, with a belt width of 10.5 cm. 
The use of plywood material allows for easy customization and precise dimensioning using standard cutting tools, which 
is suitable for rapid prototyping. The design is modular and compact, allowing for potential expansion with additional 
components such as sensors or controllers in future developments. 

 
An Electronic Circuit in a Conveyor Prototype 
 

 
Figure 3. Electronic Circuit 

 
Figure 4 illustrates the electronic circuit designed for the conveyor prototype. The system utilizes an ESP32 

microcontroller as the main control unit, which offers built-in Wi-Fi and Bluetooth capability, making it ideal for IoT-
related applications and future enhancements. The conveyor motor is powered and controlled using an L298N motor 
driver module, which receives 12V from the power supply and is connected to the ESP32 through its input pins. The 12V 
DC motor is directly linked to the L298N’s output terminals, enabling smooth start-stop and direction control based on 
the programmed logic. A 16x2 I2C LCD display is connected to the ESP32 to provide real-time information such as system 
status or motor activity. The use of I2C communication minimizes pin usage, making the system more efficient and 
modular. Additionally, a buzzer is included in the circuit as an alert mechanism. It is connected through a digital pin on 
the ESP32 and is programmed to activate under specific conditions, such as errors or user notifications. The entire system 
is powered by a 12V power supply, which feeds both the motor driver and the ESP32 (via step-down or voltage regulation 
as needed). Ground connections are properly shared to ensure circuit stability. This configuration creates a compact, 
responsive, and easily programmable control system for the prototype conveyor, with the potential to scale or integrate 
with sensors or wireless interfaces for further functionality. 

Results and Discussion  
The testing of the L298N motor driver demonstrated optimal performance in controlling the 12-volt DC motor for various 
PWM value configurations. The test results show that the motor can operate stably at different speed levels, both in 
forward and reverse directions. The output voltage of the motor driver follows a linear relationship with the provided 
PWM values. At a PWM value of 200, the maximum voltage reached was 9.5 volts, while at a lower PWM value (PWM = 
100), the voltage was recorded at 4.5 volts. This indicates that the motor driver can provide precise and accurate speed 
control according to the application's requirements. 

During long-duration tests (10 minutes for each motor rotation direction), the system remained stable without 
experiencing overheating or operational disruptions, both in the motor and the driver. The maximum motor speed 
recorded was 1200 RPM at a PWM value of 250. Based on these results, the combination of the ESP32 as the main controller 
and the L298N motor driver proves to work reliably in driving the 12-volt DC motor, especially in applications such as 
conveyors that require direction and speed control. 

Furthermore, the graphs and tables from the tests show a clear relationship between the PWM values, motor speed 
(RPM), and the operational condition of the motor. This relationship is consistent with the following equation: 

 𝑆𝑝𝑒𝑒𝑑 (𝑅𝑃𝑀) ∝ 𝑃𝑊𝑀  (1) 

Automation System Integration to address the automation aspect of the system, the ESP32 microcontroller plays a 
critical role. The ESP32 was programmed to automatically adjust the PWM values based on sensor inputs or predefined 
conditions, such as load detection or required operational timing. For example, using feedback from an encoder or current 
sensor, the system can dynamically regulate motor speed and direction without manual intervention. This enables real-
time automated control, which is essential for applications requiring adaptive behavior—such as smart conveyor systems 
or automated material handling. 

The automation framework also allows for remote monitoring and control via Wi-Fi, a feature enabled by the built-in 
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 wireless capability of the ESP32. This integration makes the system more flexible, scalable, and suitable for IoT-based 
industrial or laboratory environments. The output voltage of the motor driver can be calculated using the following 
formula: 

 

 𝑉𝑂𝑢𝑡𝑝𝑢𝑡 =  𝑃𝑊𝑀

𝑅𝑒𝑠𝑜𝑙𝑢𝑠𝑖 𝑀𝑎𝑘𝑠𝑖𝑚𝑢𝑚 
 × 𝑉𝐼𝑛𝑝𝑢𝑡 𝑀𝑎𝑘𝑠  (2) 

 
Table 8. L298N Driver Motor Test Results 

No PWM Value Motor Speed (RPM) Motor Condition Notes 

1 0 0 Motor stopped No movement 
2 25 100 Very slow motion Motor starts to spin slowly 
3 50 200 Slow motion Stable with slight vibration 
4 75 325 Stable Motor spins more smoothly 
5 100 450 Stable Speed starts to feel optimal 
6 125 575 Stable Motor performance improves 
7 150 700 Stable Motor operates well 
8 175 825 Stable and fast Motor speed increases 
9 200 950 Stable and fast Significant motor speed 

10 250 1200 Maximum 
Motor reaches maximum 

speed 

 

 
Figure 4. L298N Motor Driver Test Score Chart 

Conclusions  
This study successfully demonstrates the design and implementation of an IoT-based automated conveyor system utilizing 
the ESP32 microcontroller and Telegram bot for remote control. The system exhibited reliable performance in controlling 
the speed and direction of a 12V DC motor using the L298N motor driver, as supported by stable connectivity and seamless 
integration with the Telegram platform. The experimental results showed a strong linear relationship between PWM 
values and motor speed, with the maximum motor speed reaching 1200 RPM at a PWM value of 250. This finding is 
consistent with the theoretical formula used to determine the output voltage, confirming the system’s ability to provide 
precise and responsive control. The Telegram bot enhanced system usability by enabling real-time remote monitoring and 
control. However, further study is required to evaluate its effectiveness compared to other communication platforms, such 
as LINE or WeChat, especially in industrial settings where communication reliability is critical. Overall, the developed 
system offers a cost-effective, scalable, and stable solution for conveyor automation, aligning with the demands of Industry 
4.0. Future work may focus on integrating additional sensors and advanced data analytics to improve system intelligence 
and adaptability in more complex industrial scenarios. 
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