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ABSTRACT

The integration of Internet of Things (IoT) with Brushless DC (BLDC) motor drives has opened
new possibilities in automation, monitoring, and smart control systems. This paper presents the
design and implementation of an 1oT-enabled BLDC motor drive system capable of operating in
all four quadrants: forward motoring, forward braking, reverse motoring, and reverse braking.
The system employs a microcontroller-based control unit interfaced with sensors and a motor
driver to achieve efficient control of speed and direction. Through loT connectivity, the
operational parameters such as current, voltage, and speed are monitored in real time using a web
dashboard or mobile application. This approach enhances energy efficiency, safety, and
flexibility in industrial and domestic applications. The proposed system aims to demonstrate how
loT can improve the functionality of traditional BLDC drives by enabling remote operation and
predictive maintenance. The prototype is currently under development, and preliminary testing
shows promising results in achieving precise motor control with reliable data transmission.

INTRODUCTION

Brushless DC (BLDC) motors are widely used in
modern electrical and electronic applications due
to their high efficiency, compact size, and reliable
performance. They are commonly found in electric
vehicles, industrial machines, robotics, and home
automation systems. However, controlling the
speed and direction of a BLDC motor efficiently
requires advanced techniques, especially when the
motor needs to operate in all four quadrants—
forward motoring, forward braking, reverse
motoring, and reverse braking.

The integration of the Internet of Things (loT)
with BLDC drives adds an extra layer of
intelligence and flexibility to the system. With loT

connectivity, users can remotely monitor motor
parameters such as speed, voltage, and current,
and control the motor operations through a mobile
app or a cloud-based platform. This reduces
manual intervention and enhances reliability.

This research focuses on designing an loT-enabled
BLDC motor drive that supports four-quadrant
operation. The main objective is to enable remote
control and real-time monitoring through IoT
modules like NodeMCU or ESP32. The system
also aims to improve energy efficiency by using
regenerative braking during deceleration. The
proposed model can be effectively used in smart
industrial ~ systems, electric  vehicles, and
automation setups where real-time control and
feedback are critical.
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In"fecent years, there has been a rapid increase in
the use of smart and automated electrical systems
that combine traditional power electronics with
modern digital technologies. Among these,
Brushless DC (BLDC) motors have become one of
the most preferred choices due to their high
torque-to-weight ratio, silent operation, and low
maintenance requirements. Unlike conventional

1. System Architecture :

Sensors: Voltage,
Current, Speed

ﬁ Motor Driver (ESC) anica
e‘_ Microcontroller (ESP32 /
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_/ | T Module (Wi-F E— H
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DC motors, BLDC motors eliminate the need for
brushes and commutators by using electronic
switching, which enhances reliability and
efficiency.
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“171 SMPS Power Supply Unit

The system is powered by a Switch Mode Power Supply (SMPS) that delivers a regulated 36V DC
output. This supply is used to power the BLDC motor, electronic speed controller (ESC), and other control
components. The SMPS is preferred over a conventional linear supply because it offers higher efficiency,
compact size, and stable voltage even under load variations.

In this project, the 36V SMPS provides the main DC bus voltage required for driving the BLDC motor
through the ESC. The input AC mains are rectified and converted into high-frequency DC using internal
switching circuits. This ensures minimal power loss and protection from short circuits or voltage
fluctuations.

The SMPS also provides separate low-voltage outputs (like 5V or 12V) through voltage regulators to power
the microcontroller, 10T module, and sensors. The use of SMPS not only enhances system efficiency but
also ensures smooth and reliable operation of the overall 10T-based BLDC motor drive.

1.2 Electronic Speed Controller (ESC)

The Electronic Speed Controller (ESC) is one of the most crucial components in the loT-enabled BLDC
motor drive system. It acts as the interface between the microcontroller and the BLDC motor, controlling
both the speed and direction of rotation by providing proper commutation signals to the motor windings.

The ESC receives low-power PWM (Pulse Width Modulation) control signals from the microcontroller
and converts them into high-power three-phase outputs to drive the motor. These switching signals energize
the stator windings in a specific sequence, which produces a rotating magnetic field that drives the rotor.

In this project, the ESC is designed to handle a 36V DC input from the SMPS and supply the required
current to the BLDC motor. It also supports bidirectional control, which allows the motor to operate in
both forward and reverse directions. Additionally, the ESC plays a key role in four-quadrant operation,
enabling motoring and regenerative braking modes efficiently.

The use of ESC improves the overall system performance by ensuring smooth torque generation, faster
response, and protection against overcurrent or overheating. It serves as the backbone for precise motor
control in the loT-based BLDC system.

1.3 Microcontroller Unit (ESP32)

The ESP32 microcontroller acts as the central processing and control unit of the entire loT-enabled BLDC
motor drive system. It is a powerful, low-cost, and energy-efficient microcontroller that comes with built-in
Wi-Fi and Bluetooth capabilities, making it ideal for 10T-based motor control applications.

In this project, the ESP32 is responsible for generating PWM (Pulse Width Modulation) signals that are
sent to the Electronic Speed Controller (ESC) to regulate the speed and direction of the BLDC motor. It
reads real-time data from the sensors, such as voltage, current, and speed, and processes it for precise
control and monitoring.

The ESP32 also handles data communication with the 10T module, allowing the motor’s parameters to be
uploaded to a cloud platform or mobile app. Through this connection, users can remotely start, stop, or
change the motor direction and monitor key performance parameters from anywhere.
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1.4BLDC Motor

The Brushless DC (BLDC) Motor is the main driving element of the system, responsible for converting
electrical energy into mechanical motion. Unlike conventional brushed DC motors, the BLDC motor does
not use brushes or a mechanical commutator. Instead, it operates through electronic commutation, where
switching is done by the Electronic Speed Controller (ESC) based on signals from the microcontroller.

The BLDC motor is known for its high efficiency, low maintenance, and smooth operation. It has a
stator with three-phase windings and a rotor that contains permanent magnets. The microcontroller sends
PWM signals to the ESC, which energizes the stator windings in a particular sequence to produce a rotating
magnetic field. This field interacts with the rotor magnets and causes rotation.

In this project, the BLDC motor is designed to work on a 36V DC supply provided by the SMPS, and it
supports four-quadrant operation, which includes forward motoring, reverse motoring, forward braking,
and reverse braking. This makes it suitable for applications where both direction and braking control are
required, such as electric vehicles and automation systems.

The BLDC motor’s ability to provide precise speed control, high torque, and quiet performance makes it
ideal for loT-based smart motor control systems. Its compatibility with regenerative braking also helps in
saving energy and improving the overall system efficiency.

1.5 Sensing Unit

The Sensing Unit plays a vital role in the loT-enabled BLDC motor drive system, as it provides essential
real-time data required for accurate motor control and monitoring. This unit consists mainly of current
sensors, voltage sensors, and speed sensors, which continuously measure the operating parameters of the
BLDC motor.

The current sensor monitors the amount of current flowing through the motor and helps in detecting
overload or fault conditions. The voltage sensor measures the supply and terminal voltage levels to ensure
that the motor operates within the safe voltage range. The speed sensor (usually a Hall-effect sensor or an
encoder) detects the rotor’s position and speed, which is crucial for maintaining correct commutation and
smooth rotation.

All these sensor readings are fed to the ESP32 microcontroller, which processes the data to generate
appropriate PWM control signals for the ESC. The collected sensor data is also transmitted to the IoT cloud
platform through the Wi-Fi module for remote monitoring.

The sensing unit not only improves the accuracy and efficiency of the system but also enhances safety by
providing real-time fault detection and protection. This makes the overall system more reliable and suitable
for advanced smart motor applications.
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2. Worklng of Four Quadrant Operation
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The four-quadrant operation of a BLDC motor represents its ability to operate in both directions of
rotation (forward and reverse) and in both motoring and braking modes. This makes the system highly
flexible, efficient, and suitable for applications like electric vehicles, robotics, and industrial drives where
bidirectional motion and energy recovery are important.

The diagram shown above illustrates all four quadrants, where the X-axis represents the speed (positive or
negative) and the Y-axis represents the torque (positive or negative) of the motor.
Each quadrant defines a specific mode of operation as explained below

2.1. Forward Motoring (1st Quadrant)

In this mode, both the speed and torque are positive. The BLDC motor rotates in the forward direction,
and electrical energy from the SMPS and ESC is converted into mechanical energy to drive the load.
This is the normal running condition of the motor where power flows from the source to the motor. It is
mainly used during acceleration or steady forward motion of the system.

2.2. Forward Braking (2nd Quadrant)

In the second quadrant, the speed remains positive, but the torque becomes negative. This means the
motor still rotates forward, but the torque now acts opposite to the direction of rotation, creating a braking
effect.

In this mode, the motor acts as a generator, converting mechanical energy back into electrical energy, which
can be dissipated or sent back to the power supply. This process is known as regenerative braking,
improving system efficiency and energy conservation.

2.3. Reverse Motoring (3rd Quadrant)

In this mode, both speed and torque are negative, meaning the BLDC motor rotates in the reverse
direction. Power again flows from the electrical supply to the motor, but the direction of current and
rotation are opposite to that of forward motoring.
This operation is used when the system requires the motor to reverse its motion, such as in
bidirectional conveyor systems or electric vehicles moving backward.
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2, 4R Reverse Braking (4th Quadrant)

In the fourth quadrant, the speed is negative, but torque becomes positive. Here the motor continues to
rotate in reverse, but the torque acts in the opposite direction, again resulting in braking action.
Similar to forward braking, the motor behaves like a generator and the generated energy is fed back to the
source or dissipated through resistors. This helps in controlled deceleration of the motor in the reverse
direction.

3. Regenerative Braking and Energy Feedback Mechanism

The regenerative braking feature in a BLDC motor allows it to act as a generator during deceleration or
reverse torque conditions. When the motor slows down, its rotor continues to rotate due to the inertia of the
load, and this motion induces a voltage in the stator windings as per Faraday’s law of electromagnetic
induction. This causes the BLDC motor to start generating electrical energy instead of consuming it.

In the proposed setup, this regenerated electrical energy is not wasted or dissipated through resistors.
Instead, it is utilized to light up a bulb, demonstrating the conversion of mechanical energy into useful
electrical energy. During braking, the ESC and microcontroller redirect the generated current toward the
output terminals connected to the bulb. As the motor slows down, the generated voltage powers the bulb,
causing it to glow in proportion to the braking intensity.

This practical demonstration clearly proves the energy recovery capability of the BLDC motor drive
system. The bulb acts as a visible load that converts the recovered electrical energy into light energy,
making the regenerative process easy to observe and analyze.

By integrating this feature into the loT-based BLDC system, users can monitor the voltage generated during
braking in real time via the cloud dashboard. This enhances the system’s educational and practical value,
showing how energy that would otherwise be lost can be effectively reused.

4. 10T Integration and Monitoring System

The 10T Integration and Monitoring System forms the smart layer of the BLDC motor drive, allowing
remote control, data observation, and real-time performance analysis. The ESP32 microcontroller, with its
built-in Wi-Fi connectivity, plays a crucial role in connecting the hardware to the loT platform. This
integration helps users monitor key parameters such as motor speed, voltage, current, and braking condition
directly from a mobile or web application.

4.1 10T Module Configuration

The 10T setup uses the ESP32 microcontroller, which connects to the internet through Wi-Fi. The board is
programmed to collect data from different sensors (current, voltage, and speed sensors) and send it to the
cloud using IoT platforms such as Blynk, ThingSpeak, or Arduino 10T Cloud. These platforms provide a
user-friendly dashboard that visually represents real-time values through graphs, gauges, and indicators.

The ESP32 also receives control commands from the user via the IoT platform. This allows the operator to
start, stop, or reverse the motor remotely. The data is updated continuously, enabling instant response and
control from any location with an internet connection.
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4:2Bata Transmission Process

The process begins when the sensors measure the motor’s performance parameters such as voltage, current,
and speed. These readings are sent to the ESP32, which processes the data and uploads it to the 10T server
using Wi-Fi.

The cloud platform stores and analyzes this data, converting it into easy-to-understand visual readings. The
loT dashboard displays parameters like:

e Motor Speed (RPM)

e Supply Voltage (V)

e Current Draw (A)

o Power Regenerated during Braking (W)

The data transmission is bidirectional, meaning users can not only view live readings but also send control
commands (for example, turning the motor ON/OFF or changing direction).

4.3 Remote Monitoring and Control

Through the 10T dashboard or mobile app, users can monitor the real-time performance of the motor from
anywhere. Alerts can also be set up for abnormal conditions like overcurrent, overheating, or voltage drops.

This smart control feature helps in preventive maintenance and energy management. During regenerative
braking, the system also displays the voltage generated and the bulb’s glow intensity, showing how energy
is recovered and utilized.

The 10T integration not only adds intelligence and automation to the BLDC motor drive system but also

improves safety, convenience, and efficiency. It transforms a conventional motor control setup into a
smart, connected, and data-driven system suitable for future industrial and educational applications.

5. Advantages and Applications

5.1 Advantages
1. High Efficiency:

The BLDC motor drive provides high efficiency because of electronic commutation and minimum
energy losses during operation.

2. Regenerative Energy Utilization:

During braking, the motor acts as a generator and the recovered electrical energy is used to glow a bulb,
demonstrating real-time energy regeneration.

3. Smart loT Monitoring:

With loT integration, key parameters such as voltage, current, and speed can be observed and controlled
remotely through a mobile or web dashboard.

4. Low Maintenance and Longer Life:

As BLDC motors are brushless, they eliminate mechanical wear, ensuring longer life and minimal
maintenance.

[J]NRD2512010 IJNRD - International Journal of Novel Research and Development (Www.ijnrd.ormg)



http://www.ijnrd.org/

S 4 © 2025 JNRD | Volume 10, Issue 12, December 2025| ISSN: 2456-4184 | JNRD.ORG
5. "Compact and Cost-Effective Design:

The project uses simple and affordable components like ESP32, ESC, and SMPS, making it easy to
assemble and budget-friendly.

6. Bidirectional and Smooth Control:

The system supports four-quadrant operation, enabling forward, reverse, and braking control with
smooth transition between modes.

7. Educational and Demonstrative Value:

The model provides a visual and practical understanding of 10T -based control and regenerative braking,
making it excellent for academic use.

5.2 Applications
1. Electric Vehicles (EVs):

Used for traction and regenerative braking to improve energy utilization and vehicle efficiency.
2. Industrial Automation:

Suitable for robotic systems, conveyor belts, and industrial machines that require accurate and flexible
motion control.

3. Home Automation:

Can be implemented in smart appliances such as fans, pumps, and HVAC systems with l0T-based
control and monitoring.

4. Renewable Energy Systems:
Helpful in hybrid setups where recovered braking energy can be redirected or reused efficiently.
5. Educational and Research Projects:

Ideal for academic demonstrations and research work to understand loT-enabled control systems and
energy feedback mechanisms.

6. Conclusion and Future Scope

The proposed loT-enabled BLDC motor drive system successfully demonstrates the combination of
modern control technology with intelligent monitoring. The system efficiently operates in all four quadrants
— forward motoring, reverse motoring, forward braking, and reverse braking — using an electronic speed
controller (ESC) and a microcontroller (ESP32). The integration of loT connectivity allows real-time
monitoring of speed, voltage, and current, while the use of regenerative braking highlights the system’s
capability to convert mechanical energy back into electrical energy, which is utilized to glow a bulb as a
practical indicator of energy recovery.

This project not only proves the efficiency and flexibility of BLDC motor control but also emphasizes the
importance of 10T in modern automation and energy management. The experimental results show that the
setup can be further optimized for greater efficiency, smoother speed control, and improved loT data
analytics.
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The system can be expanded to include battery storage, so that the regenerated energy can be stored
instead of being dissipated through a load.

Implementation of Al-based data analytics can help predict motor faults and improve performance
through predictive maintenance.

The control system can be upgraded to support multiple motors or industrial-scale applications.
Integration with renewable energy sources like solar panels can make the system more sustainable
and self-powered.

Development of a custom 10T dashboard or mobile app can enhance user interaction and real-time
data visualization.
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