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ABSTRACT: The inspection and maintenance of electrical distribution systems are critical for ensuring uninterrupted
power supply and operational safety. Traditional inspection methods often involve manual processes that are time-
consuming, hazardous, and limited in accessibility, especially in remote or densely populated areas. This research
presents the design and development of a flying drone system tailored for the automated inspection of electrical
distribution infrastructure. The proposed system integrates a quadcopter drone equipped with high-resolution visual and
thermal cameras, GPS navigation, and real-time data transmission capabilities.

The drone is designed to autonomously navigate along overhead distribution lines, capturing visual and thermal
imagery to detect anomalies such as damaged conductors, insulator defects, vegetation encroachment, and hotspots.
The onboard system is supported by a ground control unit that allows for live monitoring and data analysis using
computer vision algorithms. The prototype was tested in a controlled environment and demonstrated effective detection
of common faults while significantly reducing inspection time and human risk.

This study highlights the potential of Drone based inspection systems in transforming conventional grid maintenance
practices, offering a cost-effective, safer, and more efficient solution for utility companies. Future enhancements
include Al-based fault classification, obstacle avoidance, and integration with smart grid platforms.

KEYWORDS: Electrical Distribution System, Drone Inspection, Thermal Imaging, Visual Inspection, Fault Detection,
Grid Maintenance

L. INTRODUCTION

The reliability and safety of electrical distribution systems are paramount for maintaining consistent power delivery to
residential, commercial, and industrial sectors. Regular inspection and maintenance of overhead power lines and
associated infrastructure are essential to detect faults such as broken conductors, damaged insulators, vegetation
encroachment, and overheating components. However, traditional inspection methods—relying heavily on manual
patrols or helicopter surveys—are often labour-intensive, time-consuming, costly, and hazardous, particularly in hard-
to-reach or high-risk environments.

In recent years, the integration of a Flying Drone, has emerged as a promising solution for transforming inspection
practices in the power sector. It offers numerous advantages, including the ability to access difficult terrain, reduce
human risk, and capture high-resolution visual and thermal data in real time. Their application in electrical distribution
system inspection has been significantly enhanced by advances in GPS technology, onboard sensors, autonomous flight
control, and image processing techniques.

This research paper focuses on the design and development of a flying drone system specifically tailored for the
inspection of electrical distribution lines. The system combines a quadcopter platform with advanced imaging
equipment and navigation capabilities to facilitate accurate, safe, and efficient monitoring. The drone is engineered to
identify potential faults and anomalies through both visual and thermal analysis, supporting preventive maintenance
strategies and reducing unplanned outages.
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The remainder of this paper is organized as follows: Section 2 discusses related work and existing technologies; Section
3 outlines the system design and hardware architecture; Section 4 presents the implementation and testing results;
Section 5 provides performance evaluation and discussion; and Section 6 concludes with future directions for
enhancing UAV-based inspection in smart grid applications.

II. RELATED WORK AND EXISTING TECHNOLOGIES

The use of Unmanned Aerial Vehicles (UAVs) for inspecting electrical distribution systems has evolved significantly,
addressing limitations in traditional manual and helicopter-based inspection methods. Numerous studies have
contributed to advancements in drone hardware, sensor integration, autonomous navigation, image analysis, and fault
detection.

Zhang et al. [1] presented a UAV-based visual inspection system equipped with high-definition cameras to detect
structural anomalies along distribution lines. Their system achieved better maneuverability and safety in complex
terrain. Li et al. [2] proposed an autonomous UAV path planning system using GPS and IMU sensors to follow
predefined inspection routes, improving efficiency and repeatability. Liu et al. [3] developed a dual-sensor drone
system combining visual and thermal imaging for fault detection, capable of identifying hotspots, damaged insulators,
and corrosion. Gao et al. [4] enhanced defect classification using deep convolutional neural networks (CNNs) to
automate image-based fault identification. Huang et al. [5] integrated Al-driven object recognition algorithms into
drones to detect vegetation encroachment, conductor sag, and insulator cracks. Their approach achieved high accuracy
in diverse environmental conditions. Kim et al. [6] focused on improving image stability during UAV flight by
developing a gimbal-stabilized camera platform. Cai et al. [7] proposed a real-time transmission system using 5G
communication for streaming inspection data from drones to the control center, reducing latency and enabling live
analysis. Sun et al. [8] examined the use of LiDAR sensors in drone inspections to construct 3D models of overhead
lines for structural analysis and clearance checking. Santos et al. [9] explored collaborative multi-drone systems to
reduce inspection time over large-scale networks. Drones coordinated via swarm intelligence to cover different
segments simultaneously. Wang et al. [10] developed a fault localization algorithm that combines GPS data and thermal
image processing for pinpointing insulation faults. Narayan et al. [11] addressed energy efficiency by designing a
lightweight drone with optimized flight paths for longer endurance during power line inspections. Ferreira et al. [12]
applied hyperspectral imaging for material-level fault diagnosis, such as rust and moisture accumulation. Gupta et al.
[13] created a machine learning pipeline to classify captured images into fault categories including arc marks,
overheating, and broken fittings. Aydin et al. [14] studied drone-based crack detection using image segmentation and
contour extraction in crossarms and poles. Bui et al. [15] focused on deep learning approaches for corrosion detection
in tower structures using images acquired by UAVs. Zeng et al. [16] proposed a cloud-based data storage and analysis
framework for organizing inspection data collected by UAVs. Kumar et al. [17] developed a drone-mounted infrared
sensing system for early detection of hotspots in distribution lines, particularly during load variations. Li and Yang [18]
introduced a drone equipped with ultrasonic sensors to measure conductor sway and tension under wind loading.
Ramirez et al. [19] designed a semi-autonomous drone inspection platform that integrates obstacle detection using
stereo vision, enabling safer flight near energized lines. Finally, Patil et al. [20] implemented a drone with Al-assisted
voice control for use by linemen during line patrolling.

The primary goal of this research is to design and develop a Drone based inspection system that enhances the
efficiency, safety, and accuracy of inspecting electrical distribution infrastructure. The specific objectives of the study
are as follows:

To design and develop a drone-based inspection platform.

To integrate high-resolution visual and thermal imaging sensors

To ensure safety and operational reliability.

To test and validate the developed system in real-time field conditions

To reduce manual inspection effort, cost, and risk.

To explore the potential of integrating Al-based fault classification algorithms.

QA=

III. RESEARCH METHODOLOGY

The design and development of a flying drone for the inspection of electrical distribution systems follow a structured
methodology to ensure efficiency, reliability, and practical application. Based on literature review, methodology use to
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select appropriate drone components, including frame structure, propulsion system, power supply, and onboard sensors
such as high-resolution cameras and thermal imaging devices. The drone's design prioritizes lightweight yet durable
materials to enhance flight efficiency and stability, ensuring it can withstand environmental factors such as wind and
varying temperatures.

The drone's navigation and control system are developed using autonomous flight programming, integrating GPS and
obstacle detection sensors for precise maneuverability around power lines and electrical infrastructure. A combination
of manual and automated control mechanisms is implemented, allowing for remote operation as well as pre-
programmed flight paths for systematic inspections. Additionally, Al-based image processing algorithms are
incorporated to analyze captured images and detect faults such as damaged conductors, overheating components, or
vegetation encroachment. The drone is also equipped with real-time data transmission capabilities, enabling remote
monitoring and quick decision-making.

Prototype development involves assembling the selected components and conducting initial ground tests to verify
stability, flight endurance, and sensor accuracy. Flight trials are performed in controlled environments before moving to
real-world testing on electrical distribution infrastructure. Performance evaluation is carried out based on parameters
such as flight duration, accuracy of fault detection, image quality, and data transmission efficiency. Fig.1 shows Design
and development of Drone for Electrical Distribution Inspection.

Distribution Infrastructure Inspection Data Processing Report Generation Maintenance Action

=

Images coplured by drones

Mantenance
instruction

Fig.1: Methodology for Design and Development of Drone for Inspection

3.1 Components of a Drone for Inspection of Electrical Distribution Systems
1. Power Supply System
e Battery: Provides energy for the drone’s operation, including motors, sensors, and cameras.

2. Flight Control System

e Microcontroller/Flight Controller: Governs the drone's stability and movement.
e  Motors and Propellers: Provide lift and control movement.

e Electronic Speed Controllers (ESC): Manage motor speed for precise control.
e  GPS Receiver: Enables location tracking and precise navigation.

IJIRSET©2025 | AnISO 9001:2008 Certified Journal | 7819



http://www.ijirset.com/

LN

ﬂ’ﬂﬁé International Journal of Innovative Research of
1JIR Science, Engineering and Technology (IJIRSET)

Impact
Factor

8.699

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 14, Issue 4, April 2025
|DOI: 10.15680/IJIRSET.2025.1404280|

3. Imaging Systems
e High-Resolution Camera: Captures detailed visuals of electrical components.
e Thermal Imaging Sensor: Identifies hotspots and potential faults in electrical equipment.

4. Data Processing Unit
e  Onboard Computer: Processes sensor data and performs real-time analysis.
e Storage Device: Stores images, videos, and data for post-inspection analysis.

5. Wireless Communication Module
e Transmitter and Receiver: Facilitates real-time communication between the drone and the ground station.
e Telemetry System: Transmits vital information, like battery status and flight data

3.2 Calculations of Component specifications

1. Thrust Calculation

Given:

e Drone weight =3 kg

e  Gravity = 9.81 m/s?

e Number of motors = 4

e  Required thrust per motor = (Total weight x Gravity) ~ 4

Calculation:

Total Thrust Required=3x9.81=29.43N
Thrust per Motor=29.434

Thrust per Motor=7.36N

2. Power Consumption Calculation

Power required by motors depends on voltage, current, and efficiency.
Given:

e  Motor thrust: 10N per motor

e Efficiency: 80%

e Voltage: 11.1V (3s)

e Current per motor: 30A

Calculation:
Power Consumption=11.1Vx30A=333W
For 4 motors (quad setup): P total=4x333W=1332W

3. Flight Time Estimation
Using a 10,000mAh (10Ah) 6S LiPo battery:
Flight Time=Battery Capacity (Ah) x60/Current Draw (A)= 10x60\60=10 minutes

4. Payload Capacity Calculation

Payload Capacity=Total Thrust—Drone’s Weight
=3.2kg—1.2kg=2kg

5. Battery Endurance for FPV & Thermal Camera

Assume:

e FPV System Power = 10W, Thermal Camera Power = 15W

e Total auxiliary power: 10W + 15W =25W

e At 22.2V, the additional current draw: [=25W/22.2V=1.13A

6. Propeller & Efficiency

Given Parameter
e  Motor KV Rating = 1000 KV

IJIRSET©2025 | AnISO 9001:2008 Certified Journal | 7820



http://www.ijirset.com/

Impact
Factor

8.699

ﬂ“%& International Journal of Innovative Research of
nﬁ Science, Engineering and Technology (IJIRSET)

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 14, Issue 4, April 2025
|DOI: 10.15680/IJIRSET.2025.1404280|

Battery Voltage = 3S (11.1V) or 4S (14.8V)
Propeller Size = 10-inch (10x4.5")

Air Density (p) =~ 1.225 kg/m? (at sea level)
Motor Efficiency (1) = 80% (0.8)

RPM Calculation: The approximate motor speed is given by:
RPM= KV x Voltage

For 3S (11.1V):

RPM= 1000 x 11.1 = 11,100 RPM

7. Thrust Estimation for a 10-inch Propeller:

Thrust generated by a propeller is estimated using the equation:

T=Cr p- n> D*

Where:

e T = Thrust (N); Cr = Thrust coefficient (depends on propeller; typically, 0.1 - 0.15 for a 10" propeller); p = Air
density (1.225 kg/m?®); n = Revolutions per second (RPM/60); D = Propeller diameter in meters (10 inches =
0.254m)

For 3S (11.1V), n =11,100/60=185 rev/sec

Assuming CT=0.12:

T=0.12 x 1.225 x (185)? x (0.254)*

T=7.8N~=0.8kg

3.3 Details of Drone Design, Inspection and Faults photographs

# Power System Fault Detection (Admin Server)

Fig. 3.3 Thermal Image Captured by Drone Fig. 3.4 Image Captured by Drone
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IV. IMPLEMENTATION AND TESTING RESULTS

This section presents the practical implementation of the designed Drone inspection system, followed by testing
scenarios conducted under conditions. The goal was to validate the drone’s flight stability, imaging accuracy, fault
detection capabilities, and communication effectiveness during the inspection of electrical distribution components.

Table 4.1 shows the testing results.

Table 1: Results for Drone Inspection of Electrical Distribution System—Fault Detection Parameters

Observe

rameter d Value mal Range Status Remarks

Line Voltage 11.2kV — 11.5kV Normal Voltage within acceptable
range

Current Flow 120 A 5— 125 A Normal No  abnormal current
fluctuation

Power Factor 0.92 -0.95 Normal Efficient power usage

Temperature of 58°C 0°C Normal No overheating detected

Conductors

Insulator Temperature 42°C 5°C Normal Within - safe temperature
range

Hotspot Detection No hotspots | hotspots Normal No thermal  anomalies
observed

Sag Detection 0.5 meters .7 meters Normal lsi?ngit within - permissible

Conductor Clearance 6.2 meters .5 meters Normal Sufficient clearance  from
ground

Vegetation Intrusion .1'3 meters meter distance Normal Safe . clearance  from

distance vegetation

Transformer Temperature 68°C 5°C Normal No overheating issues

Transformer Oil Level Normal rmal Normal Adequate oil level

Leakage Current 2 mA mA Normal No  significant  leakage
detected

Arcing Detection None ne Normal No arcing detected

Conductor Damage None ne Normal No  physical  damage
observed

Pole Tilt 2° ° Normal No significant pole tilting

Connection Integrity Secure cure Normal No loose connections

Fault Detection Rate 93% 0% Normal High detection accuracy

Inspection Efficiency 13 km/hour |- 15 km/hour Normal Effective coverage

Overall System Health Stable ble Normal No faults detected

*  Voltage and Current Stability: The observed line voltage is 11.2 kV, which falls within the normal operating
range of 11 — 11.5 kV. The current flow is recorded at 120 A, which is also within the acceptable range of 115 —
125 A, indicating that the system is functioning without significant overload or underload conditions.

*  Power Factor Efficiency: The measured power factor is 0.92, which is within the optimal range (0.9 — 0.95). This

indicates efficient power usage with minimal reactive power losses.

*  Temperature Monitoring: Conductor temperature is recorded at 58°C, well below the critical threshold of 60°C,
indicating no risk of overheating. The insulator temperature is 42°C, which is also within the safe range (< 45°C),
confirming no thermal stress on the insulation material. Transformer temperature is measured at 68°C, safely
below the 75°C limit, ensuring stable operation without overheating risks.
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*  Hotspot and Fault Detection: No hotspots or thermal anomalies were detected, indicating no localized heating
issues. The drone’s thermal imaging confirmed that the distribution system is free from abnormal heating patterns,
which are often indicative of faulty connections or failing components.

* Sag and Clearance Assessment: The drone detected a sag of 0.5 meters, which is well within the permissible limit
of < 0.7 meters, indicating proper tension and no excessive slack in the conductors. The conductor-to-ground
clearance is measured at 6.2 meters, comfortably exceeding the minimum required clearance of 5.5 meters,
ensuring safety compliance.

*  Vegetation Intrusion: The drone identified vegetation at a safe distance of 1.3 meters from the lines, which is
above the critical threshold of > 1 meter, ensuring no immediate risk of line interference.

*  Connection Integrity and Physical Condition: No arcing or sparking was detected, indicating no faulty or loose
connections. The system exhibited no conductor damage or physical wear, confirming good infrastructure health.
Pole tilt was minimal (2°), far below the critical limit of 5°, confirming structural stability.

*  Transformer Health: Oil levels were found to be normal, indicating no leaks or loss of insulation medium. No
leakage currents were detected (2 mA, safely below the 5-mA threshold), indicating no insulation failure.

* Efficiency and Performance: The fault detection rate achieved was 93%, indicating high reliability in identifying
potential issues. The drone covered 13 km/hour, demonstrating efficient inspection coverage within the typical
range of 10 — 15 km/hour.

*  Overall System Health: The inspection results indicate that the distribution system is in stable condition with no
critical faults detected.

4.4 Performance Evaluation

e Flight Endurance: Approximately 20—22 minutes with full payload

Maximum Visual Inspection Range: Up to 30 meters linearly along conductors

Fault Detection Accuracy: Visual faults (cracks, corrosion): ~94% & Thermal faults (overheating): ~92%
Operator Feedback: The GCS interface was rated user-friendly with minimal training required.

Safety Performance: All failsafe mechanisms operated correctly, including return-to-home and emergency
landing.

V. CONCLUSION AND FUTURE SCOPE

The research successfully demonstrates the design, development, and field validation of a drone-based system for the
inspection of electrical distribution infrastructure. The developed quadcopter platform, equipped with high-resolution
visual and thermal imaging sensors, proved effective in identifying physical defects and thermal anomalies on poles,
insulators, and conductors. The system offers significant advantages over traditional manual inspection methods in
terms of safety, accessibility, time efficiency, and cost-effectiveness. Key achievements include stable autonomous
flight with GPS waypoint navigation, high-quality image and thermal data acquisition, real-time video transmission to a
ground control station, accurate fault detection under varying environmental conditions, successful implementation of
return-to-home and failsafe features. The results validate the feasibility of using Drone for regular and emergency
inspections in electrical distribution systems, particularly in areas that are remote, hazardous, or difficult to access.

While the prototype meets core functional requirements, further enhancements can elevate the system's performance

and utility in real-time power grid maintenance. Future scope includes:

e Al-Powered Fault Detection by integrating machine learning algorithms for automated image and thermal analysis
to classify faults (e.g., cracked insulators, loose connections, overheating) in real time.

e Swarm Drone Coordination by developing multi-drone systems for large-scale inspection of entire distribution
networks, enabling parallel inspection and reduced downtime.

e C(Cloud-Based Data Management for archiving inspection data, generating maintenance reports, and supporting
predictive maintenance strategies.

e Enhanced Obstacle Avoidance using LiDAR sensors for dynamic obstacle detection and avoidance, especially in
dense urban or forested areas.

e Extended Flight Time using tethered Drone systems to increase flight endurance for longer missions.

e Integration with Smart Grid Infrastructure with real-time synchronization with utility SCADA systems to allow
live fault mapping and automated dispatch of maintenance crews.
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This research lays the foundation for intelligent, drone-based maintenance systems in the power distribution sector
and offers a scalable, efficient alternative to traditional inspection methods.
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