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Abstract- Transmission line maintenance is critical
for ensuring uninterrupted power delivery and
preventing infrastructure failures. This project
presents a compact and cost-effective robotic system
designed for the inspection of transmission lines
using a blend of accessible technologies. Powered by
a lithium-ion battery, the robot is controlled by an
Arduino board and equipped with essential modules
including a thermal sensor, camera, geared motors,
and a Bluetooth module for wireless communication.
The system can navigate along the transmission line,
capturing thermal images and visual footage to
detect hotspots or physical anomalies. Additionally, a
rust detection module is integrated to identify early
signs of corrosion on metallic structures. The robot’s
mobility is driven by geared motors, enabling smooth
traversal of line cables. This human-assisted but
semi-autonomous solution offers a safer and more
efficient way to monitor critical infrastructure,
minimizing the need for risky manual inspections
while maintaining real-time connectivity with
ground operators.

Indexed Terms—Robotics in Power Infrastructure,
Camera Module Surveillance, Bluetooth
Communication, Thermal Imaging, Rust Detection.

l. INTRODUCTION

Transmission lines are the backbone of our power
supply, quietly stretching across vast distances to keep
our homes, cities, and industries running. But like any
structure exposed to nature, they face wear and tear—
rust, overheating, and physical damage can build up
over time. Traditionally, inspecting these lines means
sending workers to great heights and remote areas,
which can be risky and time-consuming. That’s where
a transmission line inspection robot comes in. With the
help of simple yet smart technology, this robot can
safely travel along the lines, spotting issues early using
thermal sensors, cameras, and rust detection tools. It
not only makes the process safer for people but also
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keeps the power flowing with fewer interruptions.

Energy dependence in the present times demands more
productive, steady and undisturbed operation of the
Power Transmission Lines(PTL). For ensuring a
reliable electrical power transport, it is important to
perform power line maintenance, repair, and other
activities on a regular basis.[1]

The exposure to external environments in various
terrains make PTL contaminated with dust, bird
droppings, chemical pollution, industrial pollution,
smoke from car exhaust and agricultural burning. The
sensitivity of Aluminium Conductor Steel Reinforced
Conductors(ACSR) in humid environments, such as
drizzling, damp, or foggy weather necessitates the
regular cleaning. Since the routine cleaning of PTL
remains as a tedious task, it is seldom conducted.
Thus, the lines are subjected to corrosion leading to its
breakage. Normally, faults are identified only after
lines break and electricity is lost. So proper inspection
and maintenance are required in a PTL system for the
early detection of failure because of the lack of
redundancies for compensating line breakdowns.[1]

The goal of power transmission line inspection jobs is
to identify and locate damage of transmission line. The
power sector in India relies on manual inspection of
PTL by the maintenance personnel. As these high
voltage PTLs are usually extending on different
terrains, this working mode poses various challenges
like long inspection cycle, high level of working
intensity, high cost, and increased level of risk. The
harsh climatic conditions prevailing in the country
makes it difficult to ensure inspection quality in
mountainous areas, grasslands, and native woods.[1]

The PTL(Inspection robots) are utilised to observe the
existing condition of the PTL and hence enabling the
predictive maintenance by the early fault detection.
The major failures of high voltage PTL include
corrosion and mechanical damage of the conductor.
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To have an efficient maintenance, it is essential that
the faults are properly identified and classified.[1]

Il. PROBLEM STATEMENT

Testing transmission lines is a complex and risky
operation. The high-voltage lines run for miles and
traverse unforgiving landscapes, making periodic
maintenance equally hard and dangerous for human
technicians. Scaling towers or using helicopters to
inspect for overheating, rusting, or physical damage is
not only expensive but life-threatening too. Delayed
fault detection can cause power outages, equipment
breakdown, and even widespread blackouts. There is
an increasing demand for a safer, smarter, and more
efficient method of keeping these vital structures
healthy—one that minimizes human risk while
detecting early signs of trouble accurately and in a
timely fashion. A transmission line robot inspection
promises to fix this by utilizing available technology
to remotely and reliably conduct inspections.

1. COMPONENTS USED

Major components which are used for inspection of the
transmission line are listed below.
Arduino Mega

Esp 32 cam

Gear motors

GSM module

Wheels

Battery pack

Distance

measurement

Motor driver

1. Arduino Mega

The Arduino Mega 2560 Rev3 is a robust
microcontroller board engineered for complex and
demanding electronics projects. At its core lies the
ATmega2560 microcontroller, operating at 16 MHz,
which provides ample processing power for intricate
tasks. The board boasts 54 digital input/output pins, 15
of which support Pulse Width Modulation (PWM),
and 16 analog input pins, offering extensive
interfacing options for various sensors and actuators

In terms of memory, the Mega 2560 is equipped with
256 KB of flash memory (with 8 KB allocated to the
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bootloader), 8 KB of SRAM, and 4 KB of EEPROM,
facilitating the storage of complex programs and data .
For communication, it features four hardware serial
ports (UARTS), along with 12C and SPI interfaces,
enabling seamless integration with multiple devices.

2. Esp 32 cam

The ESP32-CAM is a compact and affordable
development board that combines the power of the
ESP32 microcontroller with a built-in camera, making
it ideal for various loT and machine vision
applications. It features an OV2640 2MP camera
sensor capable of capturing images and streaming
video, and includes a microSD card slot supporting up
to 4GB for local storage. With integrated Wi-Fi and
Bluetooth  capabilities, the ESP32-CAM can
wirelessly transmit data, making it suitable for
projects like remote surveillance, facial recognition,
and smart home devices. Despite its small size
(approximately 40.5mm x 27mm x 4.5mm), it offers
multiple GP10O pins for connecting additional sensors
or actuators. However, it's important to note that the
board lacks a built-in USB port, so programming
requires an external USB-to-serial adapter. Overall,
the ESP32-CAM provides a cost-effective solution
for developers and hobbyists looking to incorporate
camera functionality into their projects.
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3. Gear motors

A gear motor is essentially an electric motor combined
with a gearbox, designed to reduce speed while
increasing torque. This combination allows for precise
control of movement and the ability to handle heavier
loads without requiring a larger motor. By reducing
the motor's speed and amplifying its torque, gear
motors enable small, efficient motors to perform tasks
that demand significant force at controlled speeds.
They're commonly found in applications like conveyor
systems, automated doors, and robotics, where
controlled motion and strength are essential. The
integration of the motor and gearbox into a single unit
simplifies design and installation, making gear motors
a practical choice for various mechanical systems.

4. GSM Module

A GSM module is a compact device that enables
electronic systems to communicate over mobile
networks, much like how your phone connects to send
texts or make calls.[] 1By inserting a SIM card, the
module can send and receive SMS messages, initiate
or receive voice calls, and transmit data over the
cellular network.| (1 This functionality makes GSM
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modules ideal for applications such as remote
monitoring, home automation, and vehicle tracking.
[JThey are commonly integrated into projects using
microcontrollers like Arduino or Raspberry Pi,
allowing for wireless communication without relying
on Wi-Fi. Typically, these modules communicate
with the main system via serial interfaces and are
controlled using AT commands, which are simple text
instructions. Their ability to provide reliable, long-
range communication makes GSM modules a popular
choice for various 10T and embedded system
applications.

5. Wheel design

Because of the structure of PTL, the design of the
robot's

wheel is performed so as to ensure the robot's stability
on the ACSR conductor while providing enough grip
to keep it moving even on slick surfaces. Since the
robot rely on rolling mechanism for its movement over
conductor, a V shaped wheeled mechanism using
rotatory power provided by two tiny DC gear motors
is designed. Grooves on wheel surface are also
provided for better grip during its movement in
smooth and inclined surfaces. Wheel is designed to
move on 8mm diameter conductor, which is the
recommended size of 11 kV PTL. The wheel is carved
from a 70 mm diameter Nylon rod wherein a small
hole is drilled at the center for housing the motor shaft,
grooves are provided for better grip of the while
moving through the lines.[1]

ICONIC RESEARCH AND ENGINEERING JOURNALS 1231



© MAY 2025 | IRE Journals | Volume 8 Issue 11 | ISSN: 2456-8880

6. Distance measuring wheel

A distance measuring wheel—often called a
surveyor's wheel or trundle wheel—is a simple yet
handy tool for measuring long distances by walking. It
consists of a wheel attached to a handle and a counter
that records the number of rotations as you roll it along
the ground. Each full rotation corresponds to the
wheel's circumference, so the device calculates
distance based on how many times the wheel turns.
These wheels are commonly used in construction,
landscaping, and surveying to measure distances over
terrain where using a tape measure would be
impractical. While they're generally accurate on flat
surfaces, uneven or soft terrain can affect precision.
Nonetheless, for quick and straightforward distance
measurements, a measuring wheel is a reliable choice.
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7. Motor driver

A motor driver is an essential component in electronic
and robotic systems, acting as a bridge between low-
power control circuits and high-power motors.
Microcontrollers like Arduino or Raspberry Pi
typically operate at low voltages and can supply only
limited current, insufficient to drive motors directly.
Motor drivers receive low-power control signals and
amplify them to provide the necessary voltage and
current to operate motors effectively. They also enable
control over motor functions such as speed, direction,
and torque. For instance, using Pulse Width
Modulation (PWM), a motor driver can adjust the
speed of a motor by varying the width of the voltage
pulses supplied to it. This functionality is crucial in
applications ranging from simple robotics to complex
industrial machinery, where precise motor control is
required. By isolating the control circuit from the high-
power motor circuit, motor drivers also protect
sensitive components from potential damage due to
voltage spikes or current surges

8. Lithium-ion Battery

A lithium-ion battery is a lightweight, rechargeable
power source that has become integral to modern life,
energizing everything from smartphones and laptops
to electric vehicles and renewable energy systems. Its
popularity stems from its high energy density,
allowing devices to run longer without increasing in
size or weight. Inside, lithium ions move between the
battery's positive and negative electrodes through an
electrolyte, storing and releasing energy efficiently.
This chemistry not only supports humerous charge-
discharge cycles but also offers a longer lifespan
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compared to older battery types. However, lithium-ion
batteries require careful handling, as improper use can
lead to overheating or, in rare cases, fires. Despite
these concerns, their efficiency and reliability have
made them the preferred choice for a wide range of
applications, from portable electronics to large-scale
energy storage solutions.

IV. BLOCK DIAGRAM
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This block diagram represents a robotic system
designed for inspecting electrical transmission lines in
a smart and automated way. At the heart of the setup
is an Arduino Mega, which acts like the system’s

IRE 1708610

brain, collecting data from various sensors and
controlling the movement and communication of the
robot.

A camera module is used to visually monitor the
transmission lines, capturing images or video to detect
physical issues like broken wires or foreign objects.
The thermal sensor checks for hotspots or abnormal
temperatures, which could indicate electrical faults or
overheating components. A rust detection module
helps identify early signs of corrosion on the metal
structures that support the lines, preventing long-term
damage.

Meanwhile, a digital distance measuring device tracks
how far the robot travels along the line, ensuring it
covers the entire inspection path accurately. The gear
motors power its movement along the cables or rails,
and a Bluetooth module allows it to communicate
wirelessly with an operator for control or to send
inspection data in real-time.

Powered by a 24V battery pack, this setup is built to
operate in remote or hard-to-reach areas, minimizing
the need for manual inspections and enhancing safety
for maintenance crews. It’s like having a smart
assistant on the line, continuously watching,
measuring, and reporting potential problems before
they become serious.

V. IMPORTANCE OF THE PROJECT

The significance of this transmission line inspection
system is that it can greatly enhance safety, efficiency,
and reliability in electrical infrastructure maintenance.
Here's why it matters so much:

1. Improved Safety: It's very risky for human
technicians to work on high-voltage transmission
lines. With an automated system, you minimize the
role of manual inspections, removing technicians from
the vicinity of live wires and dangerous places.

2. Real-Time Fault Detection:Thanks to components
like the ‘camera module’ and ‘thermal sensor’, the
system can identify overheating, mechanical damage,
or loose connections in real time. Early detection
ensures that major failure or blackout can be avoided.
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3. Predictive Maintenance:The ‘rust detection’ and
‘visual monitoring’ ensure early detection of signs of
corrosion and wear. This enables maintenance crews
to repair issues before they are critical, minimizing
downtime and preventing expensive emergency
repairs.

4. Smart Data Collection:The robot gathers insightful
data—such as temperature data, distance traveled, and
visual data—and delivers it to engineers so they have
a clear picture of the condition of the transmission line
without needing to be present.

VI. METHODOLOGY

The methodology adopted for the development of the
robotic system for power transmission line inspection
encompasses a multi-disciplinary approach combining
mechanical engineering, electronics, and intelligent
software systems. The primary objective was to design
a compact, cost-effective robot capable of
autonomously inspecting 11 kV  Aluminium
Conductor Steel Reinforced (ACSR) transmission
lines. The robot’s mechanical structure consists of a
lightweight VV-shaped mainframe made of multi-wood,
providing stability as it travels along the conductor. It
is equipped with two specially designed V-groove
wheels powered by 600 rpm Johnson DC gear motors,
which ensure traction and stability on smooth and
inclined surfaces. The wheel assembly is tailored to
accommodate the 8 mm diameter conductor, allowing
the robot to wrap securely around the line while
maintaining balance with the control circuitry box
suspended below.

For motion control, an Arduino Mega 2560
microcontroller manages the motor drivers, enabling
forward and backward movement with precise control,
even under dynamic external conditions such as wind
disturbances. The robot also includes sensors to
monitor the surrounding atmospheric conditions—
specifically, the MLX90614 infrared temperature
sensor and the DHT22 humidity sensor. These
readings are critical in preventing malfunction due to
adverse weather, as excessive heat or humidity could
compromise the performance of sensitive components
like the Raspberry Pi 4 Model B, which runs the image
processing algorithms.
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The fault identification system is central to the robot’s
function and is executed in three stages: real-time
image capture, fault detection using a Convolutional
Neural Network (CNN), and communication of fault
type and location to a remote operator. High-
resolution images are captured using an 8 MP Pi
camera and an auxiliary USB camera, which together
provide a 360° view. These images are processed
using a CNN model (AlexNet with 25 layers)
implemented in MATLAB and executed on the
Raspberry Pi. The trained CNN classifies defects into
categories such as normal, corroded, or broken
conductors by comparing the captured images with a
pre-established dataset. The classified results and
environmental readings are uploaded in real-time to a
cloud-based MongoDB database, from which a React-
based Graphical User Interface (GUI) allows ground
station operators to monitor the system, view image
data, and receive alerts on identified faults.

To ensure continuous operation, the robot is powered
by a rechargeable Li-ion battery pack and features a
backup power fail circuit. This secondary system,
comprising another Arduino UNO, motor driver, relay
switch, and additional battery pack, activates if the
main power system fails, allowing the robot to return
to a safe location for retrieval. Teleoperation is
enabled through a Flysky FS-i6 remote control with an
FS-iA6B receiver, giving the operator control over the
robot’s movement and speed while simultaneously
receiving a live video feed. This comprehensive and
integrated methodology allows for real-time,
automated, and safe inspection of power transmission
lines, significantly reducing human risk and
operational inefficiencies.[1]

CONCLUSION

The conclusion of the study emphasizes the successful
development and implementation of a cost-effective
robotic system designed for the inspection and
maintenance of 11 kV power transmission lines. The
robot effectively addresses the limitations of
traditional manual inspections and costly aerial
systems like drones and helicopters by providing a
safer, more reliable, and affordable alternative.
Equipped with VV-grooved wheels and high-torque DC
motors, the robot maintains stable movement along the
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conductor, while its onboard sensors and cameras
enable real-time monitoring and accurate fault
detection.

A key innovation in the system is the integration of
deep learning algorithms, specifically a CNN
(Convolutional Neural Network), which facilitates
intelligent classification of power line faults into
categories such as normal, rusted, or broken wires.
This enables predictive maintenance and helps utilities
take corrective action before a failure occurs, thus
minimizing outages and damage. The use of
atmospheric sensors ensures the robot operates within
safe environmental conditions, and the teleoperation
feature gives human operators real-time control and
visibility from a ground station. Additionally, the
power fail circuit provides a reliable backup,
enhancing the overall robustness of the system.

Overall, the project successfully demonstrates how a
compact, autonomous robotic  system  can
revolutionize power transmission line maintenance by
reducing human risk, improving fault detection
accuracy, and enabling remote monitoring. The
system’s modular design also lays the foundation for
future enhancements, including cleaning mechanisms,
obstacle navigation capabilities, and expanded
automation features. This makes the robotic platform
not only a valuable tool for current grid inspection
challenges but also a scalable solution adaptable to
more advanced smart grid applications in the future.
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