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ABSTRACT - Conveyor systems are essential to material handling and production line operations
in contemporary industrial automation. For effective operation, precise positioning, and increased
production, precise control over motor speed and direction is crucial. The project titled “Arduino
Based Speed and Direction Control of Stepper Motor for Conveyor System” focuses on designing
and implementing a cost-effective and efficient control system for a stepper motor using an
Arduino microcontroller platform. This system's primary goal is to regulate the stepper motor's
rotational direction and speed, which powers the conveyor mechanism.

The primary control unit of the system is an Arduino Nano microcontroller, which interprets
input commands and produces the proper control signals for the stepper motor. The Arduino and
the NEMA 17 stepper motor are interfaced using a stepper motor driver module, such as the
A4988 driver. The Arduino sends step and direction signals to the driver, which then regulates the
motor's motion. The motor's speed may be accurately regulated by varying the pulse frequency that
the Arduino generates. Similarly, by altering the direction signal transmitted to the driving module,
the rotational direction may be altered. This enables the conveyor belt to travel ahead or backward
in accordance with the needs of the operation.

The system may also have input devices, such push buttons or potentiometers, that let the user
adjust direction and speed in real time. Compared to traditional DC motor-based conveyors, the
stepper motor-driven conveyor system offers benefits such precise positioning, consistent motion
control, and smooth operation.
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L. INTRODUCTION

An electromechanical device called a stepper motor transforms electrical pulse impulses into
distinct mechanical motions. Stepper motors move in predetermined angular increments called
steps, in contrast to ordinary DC motors that spin continuously when power is provided. The motor
shaft precisely rotates by a predetermined angle with each electrical pulse transmitted to the motor
driver. Stepper motors offer superior control over speed, direction, and position due to its step-by-
step action, which eliminates the need for intricate feedback systems. Stepper motors are perfect
for applications that need precise positioning and consistent motion because of their special
feature. Modern automation devices including CNC machines, 3D printers, robotic arms, medical
equipment, camera positioning systems, and automated conveyor mechanisms all make extensive
use of stepper motors.

Stepper motors, in particular, aid in the precise control of material movement in conveyor
systems. Conveyor speed may be readily regulated by varying the number of pulses provided to
the motor. Similarly, the direction of rotation may be altered by reversing the pulse sequence,
enabling the conveyor to go forward or backward in accordance with operational needs. Stepper
motor control has gotten easier and more effective with the development of embedded systems and
microcontroller technology. Engineers may construct sophisticated control algorithms with the
least amount of hardware thanks to microcontrollers' programmable platforms.

II. OBJECTIVES

e To Achieve Accurate Speed Regulation
e To Enable Easy Direction Control of the Conveyor
e To Reduce Dependence on Complex Feedback Systems
e To Provide a Suitable Interface for Motor Operation.
e To Improve the Efficiency of Motor Operation
e To Provide User-Friendly Motor Control
e To Enable Real-Time Monitoring of System Operation
III. SYSTEM OVERVIEW

The system shown in the diagram uses a microcontroller to regulate the direction and speed of a
stepper motor utilized in a conveyor mechanism. An Arduino Nano, an A4988 stepper motor
driver, push buttons, a potentiometer, a 16x2 LCD display, a NEMA 17 stepper motor, and a
power supply unit are all integrated into the system. Together, these elements provide precise and
dependable conveyor movement control. In order to provide effective automation of material
movement in conveyor-based applications, the system's primary functions include controlling the
motor's speed, changing its rotational direction, and offering start and stop capabilities. The
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Arduino Nano serves as the primary control device in the system. In addition to the potentiometer
used for speed control, it accepts input signals from the CW (clockwise), CCW
(counterclockwise), and Start/Stop push buttons. The microcontroller's stored software determines
how these input signals are handled. The Arduino creates control signals based on these inputs and
transmits them to the A4988 stepper motor driver. These low-power impulses are subsequently
transformed by the driver into the higher Signals of voltage and current are needed to run the
stepper motor. The conveyor system is ultimately driven by the NEMA 17 stepper motor, which
spins in response to the step pulses and direction signals produced by the Arduino. The motor's
speed and operational condition are simultaneously shown on the LCD display, making it simple
for the user to keep an eye on the system. A 12V power adapter powers the complete circuit,
giving the motor driver and other parts electricity.

A16x2 LCD Display

Status = Speed

CCwW Button (A2)
Start/Stop Sutton (AZ)

Potentiometer (A0) ——

SND S

FPower Adapter

Fig.1- Proposed System

HARDWARE COMPONENTS
Arduino Nano

The Arduino-Based Speed and Direction Control System for a Stepper Motor Used in a Conveyor
project uses the Arduino Nano as its primary control unit. Because of its tiny size, low power
consumption, and simple programming capabilities, this mini microcontroller board—which is
based on the ATmega328P Microcontroller—is frequently used in embedded systems. The
Arduino Nano board is designed on a small printed circuit board (PCB) that contains all the
essential components required for microcontroller operation. The core component of the board is
theATmega328P Microcontroller, which performs all processing and control tasks. The board
includes 14digital input/output pins, out of which several pins can generate PWM signals. It also
has 8 analog input pins that allow the board to read analog voltage signals from sensors or control
devices. The Arduino Nano is equipped with a USB Mini-B port, which is used to upload
programs and provide power to the board. A voltage regulator is included on the board so it can
operate with external power supplies ranging from about 7V to 12V.
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Fig.2- Arduino Nano(Microcontroller)

16x2 LCD Display with 12C Adaptor

The Arduino-Based Speed and Direction Control System for a Stepper Motor Used in a Conveyor
project uses a 16x2 LCD display with an 12C adapter to provide crucial data including motor
speed, rotational direction, and system status. It gives the user and the control system a
straightforward and understandable interface. The 16x2 LCD Display Module is a liquid crystal
display module capable of showing 16 characters per line and 2 lines, allowing a total of 32
characters to be displayed at a time. The LCD consists of several internal parts such as the liquid
crystal panel, controller IC, character generator, and backlight system.

Fig.3- 16x2 LCD Display with 12C Adaptor

A4988 Stepper Motor Driver

An essential part of the Arduino-Based Speed and Direction Control System for a Stepper Motor
Used in a Conveyor project is the A4988 Stepper Motor Driver Module. It serves as a conduit
between the stepper motor and the microprocessor.. Since a microcontroller cannot supply the high
current required by a stepper motor directly, the driver module is used to control and power the
motor safely and efficiently. The A4988 driver module is built around the A4988 Micro stepping
Driver IC, which is designed for controlling bipolar stepper motors. The module is mounted on a
compact printed circuit board (PCB) and contains several supporting components required for
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proper operation. The driver board includes power input terminals, motor output pins, logic control
pins, and micro stepping configuration pins..

Fig.4- A4988 Stepper Motor Driver
e NEMAI17 Stepper Motor

The primary mechanical actuator utilized in the Arduino-Based Speed and Direction Control
System for a Stepper Motor Used in a Conveyor project is the NEMA 17 Stepper Motor. It drives
the conveyor belt by converting electrical pulses into accurate mechanical rotation. Because they
offer precise position control, consistent torque, and dependable performance, stepper motors are
frequently utilized in automation systems. The stator, rotor, shaft, windings, and housing are some
of the key internal components of the NEMA 17 stepper motor. The motor's fixed outer
component, known as the stator, is made up of many electromagnetic coils, or windings, organized
in phases. A revolving magnetic field is produced by energizing these windings in a certain order.
The rotor, which is the motor's spinning component, is usually composed of a toothed iron core or
permanent magnet. The conveyor mechanism receives the rotating motion from the central metal
shaft on which it is attached.
e Tactile Push Buttons

The Arduino-Based Speed and Direction Control System for a Stepper Motor Used in a Conveyor
project uses a straightforward input device called a tactile push button switch. It enables the user to
manually operate system features including turning on the conveyor, turning off the motor, altering
the speed, or reversing the stepper motor's orientation. Because they are small, dependable, and
react quickly when touched, tactile push buttons are frequently utilized in electrical circuits.
Several tiny mechanical and electrical components are integrated inside a small plastic body to
create a tactile push button. The button's outside is composed of a sturdy plastic shell that shields
the inside parts.

e 10k Potentiometer

The Arduino-Based Speed and Direction Control System for a Stepper Motor Used in a Conveyor
project makes use of the 10kQ Potentiometer, an adjustable variable resistor. It functions as an
input control device that lets the user manually change the stepper motor's speed. The user may
alter the resistance value by turning the potentiometer knob, which modifies the voltage signal that
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is transmitted to the microcontroller. A 10k potentiometer is constructed using a resistive track,
movable wiper, three terminals, and a rotating shaft. The resistive track is usually made of carbon
or conductive plastic material and is arranged in a circular path inside the component. This track
provides a fixed total resistance of 10 kilo-ohms (10kQ) between the two outer terminals. The
Arduino Nano's analog input pin is linked to the potentiometer in the conveyor motor control
system. The potentiometer's central terminal (wiper) produces a variable voltage output, while its
two outside terminals are coupled to a 5V supply and ground.

IV.  WORKING PRINCIPLE

Circuit Diagram:-

L avent

o USROS COIONEL = o

Fig.5- Circuit Diagram of the System

The circuit diagram shows a stepper motor control system that uses an Arduino Nano to control a
stepper motor's speed, direction, and operation for industrial automation and conveyor systems.
The Arduino Nano microcontroller, A4988 stepper motor driver, NEMA 17 stepper motor, push
buttons, potentiometer, 16x2 LCD display, and a 12V DC power source are some of the system's
key electronic components.. For precise motor control and system monitoring, all of these parts are
connected in a coordinated way. The circuit's core processing unit is the Arduino Nano. After
receiving input signals from the potentiometer and push buttons, it processes them in accordance
with the microcontroller's stored software. The Arduino creates control signals for the motor driver
based on the input circumstances. Therefore, the driver receives the low-power control signals
from the Arduino and converts them into higher current signals suitable for the motor. The output
terminals of the driver labeled 1A, 1B, 2A, and 2B are connected to the four wires of the NEMA
17 stepper motor. These connections supply current to the motor coils in a sequential pattern,
which allows the motor shaft to rotate step by step. In addition, the driver module receives 12V
power through the VMOT pin while the GND pin is connected to the ground line, ensuring proper
power delivery to the motor.

Flow Chart of the System
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Fig.6- Flowchart of System

Using Yes/No decision logic, the flowchart illustrates how the Arduino-Based Speed and Direction
Control System for a Stepper Motor Used in a Conveyor operates. The procedure starts with the
Start phase, which gives the system electricity. The Arduino Nano initializes all attached parts,
including the A4988 Stepper Motor Driver Module, control buttons, potentiometer, and 16x2 LCD
Display Module, once the device boots up.This initialization ensures that all hardware modules are
ready for operation and communication with the controller. After initialization, the system checks
the first decision point: “Start Button Pressed?”. If the answer is No, the system remains in a
waiting state and continuously checks the start button until the user presses it. If the answer is Yes,
the system proceeds to the next decision stage where the direction of motor rotation is selected.
The next decision block checks “CW Button Pressed?” (Clockwise button). If the answer is Yes,
the system again verifies “Start Button Pressed?”” to ensure that the motor should begin operation.
If the answer to this second condition is Yes, the motor begins to rotate clockwise. At this stage,
the system reads the speed control value from the potentiometer. The Arduino Nano converts this
analog value into digital form and generates the required step pulses to control the motor speed
through the driver. After the motor rotates in the selected direction, the system moves to the Stop

Motor stage when the stop condition occurs.
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Fig.7- Experimental Set up

To achieve accurate motion control, a number of hardware components and control strategies are
integrated in the creation of the Arduino-Based Speed and Direction Control System for a Stepper
Motor utilized in a Conveyor System. The system is designed to regulate the speed, direction, and
operational status of a stepper motor that drives a conveyor mechanism. Each component in the
system performs a specific function and works together to ensure reliable and efficient operation.
The Arduino Nano serves as the main controller of the system. It is responsible for processing
input signals from the control devices and generating appropriate output signals for the motor
driver. The microcontroller reads the inputs from the push buttons and the potentiometer through
its analog and digital input pins. Based on the programmed instructions stored in its memory, the
Arduino generates control pulses that determine the speed and direction of the stepper motor. The
Arduino also communicates with the LCD display using the [2C communication interface through
pins A4 (SDA) and A5 (SCL), allowing it to display system information such as speed and
operational status.

V. RESULT AND DISCUSSION

The system's testing findings demonstrate that the conveyor control system was effectively
developed and operated with accuracy and stability. The Arduino Nano, A4988 Stepper Motor
Driver Module, and NEMA 17 Stepper Motor were used to create the control system. Performance
was assessed utilizing motor speed control, direction switching, system reaction time, and display
accuracy The potentiometer allowed for speed control between 0% and 100% during testing,
which translated into a stepper motor speed range of around 0 to 300 RPM. The Arduino
transformed the potentiometer's analog readings, which ranged from 0 to 1023, into step pulse
frequencies for the motor driver. For example, an analog input value of 0—200 produced a motor
speed of around 0-60 RPM, 200-600 produced approximately 60-180 RPM, and 600-1023
produced speeds up to 300 RPM. This proved that the potentiometer could be used to smoothly
and proportionately change the motor speed. The reaction time of the direction control buttons was
between 0.2 and 0.3 seconds. The motor rotated in a clockwise manner when the clockwise (CW)
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button was pressed, but it quickly reversed direction when the counterclockwise (CCW) button
was pressed. The system maintained stable direction switching without mechanical vibration or
sudden jerks. The start/stop push button was tested multiple times and showed 100% reliable
operation due to the implemented debounce logic. This prevented false triggering and ensured that
the motor started or stopped only when the button was intentionally pressed. The LCD display
module successfully updated system information such as motor direction, speed percentage, and
running status in real time.

VI. CONCLUSION

The Arduino-Based Speed and Direction Control System for a Stepper Motor Used in a Conveyor
project effectively demonstrated accurate motor control with embedded system technology.. The
system effectively controlled the movement of a conveyor belt by adjusting the speed and direction
of a stepper motor through a microcontroller-based approach. The Arduino Nano served as the
main controller, generating the required control signals for the A4988 Stepper Motor Driver
Module, which in turn drove the NEMA 17 Stepper Motor. The implementation of a potentiometer
allowed smooth and accurate speed control, while push buttons provided easy selection of motor
direction and start/stop functionality. The integration of the 16x2 LCD Display Module with an
I2C interface enabled real-time monitoring of motor speed, direction, and system status, making
the system user-friendly and easy to operate. The motor driver ensured stable current control and
efficient operation of the stepper motor. The developed system demonstrated reliable performance,
accurate response to user inputs, and smooth motor operation suitable for conveyor-based
applications. Additionally, the study demonstrated how microcontroller-based automation may
enhance system efficiency, flexibility, and precision. All things considered, the system may be
used in automation systems, small-scale industrial conveyors, and educational labs to research
motor control and embedded system applications.

REFERENCES
1. K. J. Astrdm and R. M. Murray, Feedback Systems: An Introduction for Scientists and
Engineers, IEEE Control Systems Magazine, 2008.

2. S. Niku, Stepper Motor Control Using Microcontrollers for Industrial Automation, International
Journal of Control and Automation, 2012.

3. M. A. Mazidi, J. G. Mazidi, and R. D. McKinlay, The 8051 Microcontroller and Embedded
Systems: Using Assembly and C, Pearson Education Journal of Embedded Systems, 2011.

4. P. Vas, Sensorless Vector and Direct Torque Control, IEEE Transactions on Industrial
Electronics, 2009.

5. A. R. Al-Ali and M. Al-Rousan, Java-Based Home Automation System, IEEE Transactions on

Consumer Electronics, 2004.



Innovative Journal for Opportunities and Development in Science & Technology,
Volume 6, Issue 4, March. 2026

Paper Id: —1J2025V614 -10 A-E

ISSN 2582-6026

6. T. Kenjo and A. Sugawara, Stepping Motors and Their Microprocessor Controls, Oxford Journal
of Electrical Engineering, 2003.

7. S. M. Metev and V. P. Veiko, Laser-Assisted Microtechnology, Journal of Automation and
Control Engineering, 2008.

8. R. P. Jain, Modern Digital Electronics and Microcontroller Applications, International Journal of
Electronics and Communication Engineering, 2010.

9. B. K. Bose, Modern Power Electronics and AC Drives, IEEE Industrial Electronics Journal,
2002.

10. D. Ibrahim, Microcontroller Based Applied Digital Control, International Journal of Embedded
Systems, 2014.

11. R. S. Sedha, Principles of Microprocessor and Microcontroller Systems, Journal of Electrical
and Computer Engineering, 2013.

12. J. Fraden, Handbook of Modern Sensors: Physics, Designs, and Applications, Sensors and

Actuators Journal, 2010.



