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This paper introduces a multi-functional drone system created for the autonomous assistance
of fallen power lines and the enhancement of smart city infrastructures. The proposed
system comprises of three primary subsystems: 1) an autonomous navigation and power
line retrieval mechanism, 2) real-time data analysis and assisting in search and rescue, 3)
identifying areas of electrical failure and assisting in the situation. The main weakness of
drones is that it has a limited battery life, heavily regulated restriction, requires constant
human management and is limited by its own vision. This paper examines the drones weakness
and integrates innovative ideas to mitigate its shortcomings. A significant challenge is also
identifying pertinent issues, which is addressed through the use of Computer Vision enabling
precise, real-time responses in post-disaster scenarios. Additionally, the drone employs advanced
data analysis tools for urban monitoring, which in turn will aid in traffic management and
public communication. The system’s integral design choice incorporates power line charging
capabilities to ensure long operational periods. This is essential to maximize urban coverage
and effective emergency responses. Employing a deep learning framework for environmental
recognition and data processing, this drone system is equipped to handle complex urban and
post-disaster environments effectively. Verification of this system’s performance will be carried
out through simulated urban environment trials, showcasing its potential in contributing to
safer, more resilient urban ecosystems. Optimistically allowing for reduced regulation for drone
system autonomy.

I. Nomenclature

BMS = Battery Management Systems

CNN = Convolutional Neural Network

CSPNet = cross stage partial network

DFC = drone flock control

PANet = path aggregation network

PSO/PSOP = Particle Swarm Optimisation Pathfinding
RCD = residual current device

UAV = unmanned aerial vehicle

YOLOvS = You Only Look Once version 8

I1. Problem Statement
The susceptibility of power lines to fall in urban environments is an extreme public safety hazard, when influenced
by factors such as adverse weather, aging infrastructure, collisions by vehicles, and environmental degradation. This
fragility of urban power lines not only amplifies the risk of widespread power outages but also poses a serious threat to
public safety due to the high potential for electrocution. When important parts of a cities’ infrastructure can easily be
put at risk requires an urgent and innovative approach to monitoring, maintenance, and emergency response.|[7]

In January of 2024, a tragic event in Oregon occurred where a family was devastated by a fallen power line due to a
heavy snowstorm. This illustrates the consequences of such a fragile urban infrastructure. The incident not only resulted
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in the loss of three lives but also highlighted the critical need for immediate and effective response strategies to address
downed power lines, in order to prevent similar tragedies. The inherent delay in detecting and responding to fallen
power lines, coupled with the traditional reliance on manual intervention, significantly increases the danger to both the
public and emergency responders. [1]

In light of these challenges, there is a need for a solution that can quickly and safely address the issue of fallen power
lines in an area and assist an urban infrastructure.

Fig. 1 Downed power line in rainy weather

I1I. Introduction
N this paper, we propose an innovative solution to address key challenges preventing society from maximizing the
full potential of Unmanned Aerial Vehicle (UAV). Despite their viable capabilities across various applications, UAVs
often face limitations from regulatory constraints, technological barriers, public concerns, and insufficient training
programs. Our solution aims to overcome these challenges by integrating three primary subsystems: an autonomous
swarm navigation, a power line energy retrieval mechanism, and a well-developed computer vision based on live data
communication.

The introduction of power line charging technology within our proposed system aims to tackle the critical issue of
limited flight time due to battery capacity constraints. By enabling drones to autonomously recharge by docking with
existing powered lines, we anticipate a significant expansion in their range and duration. This capability not only
addresses current regulatory concerns regarding drone battery life and reliability but also encourages integration into
existing infrastructures.

Moreover, we introduce an advanced computer vision model designed to facilitate autonomous navigation and the
precise identification of what is deemed important per scenario, particularly in post-disaster scenarios. This model
leverages deep learning algorithms, such as YOLO v8, to enable real-time, accurate responses, which in turn enhances
safety and efficiency of UAV operations. In addition to navigational improvements, the implementation of real-time data
analysis tools aims to revolutionize urban monitoring, contributing significantly to traffic management and public safety
communications.

This proposal not only aims to clarify public and regulatory concerns but also intends for society to adopt a deeper
understanding and acceptance of UAV technology, ultimately facilitating their seamless integration into daily operations
and emergency response initiatives.

In addition to the integration of YOLO v8 into the computer vision system for identifying fallen power lines, victims in
need of assistance, and surveillance, our proposed solution encompasses several key components aimed at enhancing
the functionality and versatility of UAV.



Firstly, the autonomous navigation and power line retrieval mechanism is designed to enable drones to intelligently
navigate urban environments while identifying and interacting with power lines for recharging purposes. The system
utilizes advanced path planning algorithms to ensure efficient and safe traversal through urban landscapes. By
autonomously using power lines as roads, drones can recharge their batteries with ease,and as a result maximizing its
operational endurance without requiring human intervention.

Furthermore, the computer vision live communication and analysis system is equipped with advanced capabilities
for processing and interpreting visual information gathered by its cameras. In addition to detecting fallen power
lines, this system is capable of identifying potential hazards, such as congested and problematic traffic areas and
potentially hazardous infrastructure, as well as search and rescue assistance during emergency situations. By leveraging
deep learning algorithms and real-time data processing techniques, our system can provide insights to operators and
emergency responders, facilitating more effective decision-making and resource allocation.

Finally, drone swarms will assist in maximizing its efficiency. One of the largest problems that exist is the lack of
information after a disaster. With the use of drone swarms it is possible to cover a large area in a matter of minutes,
which can be extremely effective while making emergency decisions.

Overall, our proposed solution provides a significant advancement in the combining unique features that are independently
existent within UAVs, and enabling them to operate autonomously and effectively in challenging urban environments.
By combining autonomous drone navigation, power line charging, and advanced computer vision technologies, this
system addresses key limitations and paves the way for the widespread adoption and integration of UAV. Through
continued research and development efforts, we envision further enhancements and applications for our innovative
solution, ultimately contributing to the advancement of UAV systems and their role in the future of urban infrastructure
and emergency response.

Fig. 2 A possible drone example (AI Generated)

IV. Current Existence of Power Line Charging
There are two notable papers that detail significant advancements in drone technology, specifically focusing on the
development of power-line-charging drones and the introduction of innovative grasping manipulators for unmanned
aerial vehicles (UAVs). These developments are poised to revolutionize the operational capabilities and applications of
drones in various fields.

Power-Line-Charging Drones:

The concept of power-line-charging drones, primarily detailed by Boaz Ben-Moshe, represents a leap in UAV technology.
These drones are designed to autonomously land on power lines, utilizing them as a platform for recharging. This



capability significantly extends their flight time and operational range, addressing one of the most pressing limitations in
current drone technology — limited battery life.[6]

Fig.3 Power line charging drone[6]

Key components of this technology include smart batteries equipped with internal Battery Management Systems (BMS).
These systems streamline the charging process and ensure safety, addressing potential hazards such as overheating and
overcharging. The drones connect to the power lines through a simplified interface involving ground and power wires,
allowing for efficient energy transfer.

The development of these drones involves adapting exist-
ing UAV platforms, such as the DJI Matrice 100, chosen
for its versatility and payload capacity. Modifications rem
include the addition of specialized equipment such as a i /—L &
charging pole, a robotic meter, and cameras, enabling the =
drones to autonomously locate and land on power lines '
for charging.
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Fig.4 Drone charging mechanism explained[10

Safety considerations are paramount, with comprehensive testing protocols in place to mitigate risks associated with
lithium batteries and high-voltage power lines. The use of Residual-Current Devices (RCDs) and stringent safety
protocols during field experiments further enhances the safety of these operations.

Performance evaluation is another critical aspect, with the researchers examining how the added weight of charging
equipment affects flight time and how the number of onboard chargers influences charging speed. Various landing
methods are also explored, with a focus on efficiency and reliability, particularly the hook landing method, which has
been identified as the fastest and most effective approach.

Innovative Grasping Manipulators for UAVs:

The research conducted by the University of Southern Denmark presents another groundbreaking development — a
grasping manipulator designed for UAVs. This manipulator is characterized by its adaptive capabilities, enabling drones
to adjust their grip and orientation in response to changing environmental conditions and object characteristics. This



adaptability not only enhances the drone’s operational versatility but also expands its application potential in areas such
as search and rescue missions.[10]

Fig.5 Drone charging mechanism explained

The manipulator incorporates fail-safe mechanisms to ensure reliability and safety, even under challenging conditions.
Redundant sensors, robust control algorithms, and real-time monitoring systems are employed to minimize the risk of
malfunctions or accidents.

One of the most innovative features of this manipulator is its ability to enable drones to perch on overhead power lines
for recharging purposes. This capability addresses the challenge of limited flight endurance, offering a sustainable and
efficient solution that leverages existing infrastructure.

[ Trajectory controller diagnostics:
Trajectory controller state: on cable disarmed
Target cable ID: 0

Battery voltage: 2424V
Charging power: 50.86 W
Charger operating mode: Mode 2
Charger status:  Charging
Gripper status: closed

Charging power (W)

Fig. 6 Drone Practical Results[5]

The practical implications of this technology are vast, with potential applications spanning various industries. Drones
equipped with this perching capability could significantly enhance operations such as power line inspection, agricultural
monitoring, and surveillance in remote or hazardous environments.[10]

Summary and Future:

Both papers present technologies that collectively represent a significant advancement in UAV capabilities. Power-
line-charging drones extend operational time and range, overcoming one of the primary limitations of current drone
technology. Meanwhile, the innovative grasping manipulator introduces unparalleled adaptability and safety features,
expanding the utility and application range of drones.

These developments are not without their challenges. Technical hurdles such as weight optimization, safety in
high-voltage environments, and the reliability of adaptive mechanisms must be addressed. Additionally, regulatory



and ethical considerations, particularly in the context of autonomous operations in public and populated areas, require
careful deliberation.

In conclusion, the papers by Boaz Ben-Moshe and the University of Southern Denmark mark important milestones in
drone technology. Their contributions not only pave the way for enhanced performance and safety but also open new
avenues for the application of UAVs across a wide range of fields. As these technologies continue to evolve and mature,
they are set to redefine the boundaries of what is possible in the realm of unmanned aerial systems.

V. Drone Swarming
Drone swarming refers to the coordination and con-
trol of multiple drones operating as a collective unit to !
accomplish specific objectives or tasks. This concept "_-
is rooted in swarm intelligence, a field of artificial in-
telligence inspired by the natural behaviors of social
insects, such as ants, bees, and birds. Various types of

drone swarming can be distinguished based on their
function and control mechanisms, including:[12]

* Autonomous Swarms: Drones make decisions
independently based on shared objectives and real-
time data without central control.

* Controlled Swarms: A central system directs
each drone, coordinating their actions to achieve
a unified goal.

* Collaborative Swarms: Different drones carry
out specialized tasks that contribute to a common goal, similar to roles within a bee colony.

Fig.7 Drone Swarm Pack

In the article Dynamic Pathfinding for a Swarm Intelligence Based UAV Control Model Using Particle Swarm
Optimisation, by Lewis M. Pyke and Craig R. Stark, the focus is on enhancing the efficiency and effectiveness of drone
swarming, particularly through dynamic pathfinding. The study introduces the Particle Swarm Optimisation Pathfinding
(PSOP) algorithm, aiming to improve autonomous UAV navigation in unknown or changing environments. It takes a lot
of the strengths of each of the swarms denoted above. But the main strengths of PSOP lie in its memory efficiency,
scalability, and adaptability, making it particularly suitable for managing drone swarms in complex and dynamic
scenarios. The algorithm enables drones to share information and learn from each other’s experiences, optimizing
their paths and avoiding obstacles more effectively than traditional pathfinding methods. This research underscores the
potential of combining swarm intelligence principles with advanced pathfinding algorithms to enhance the operational
capabilities of UAV swarms.[11]
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Fig. 8 PSOP demonstration, The line shows the objective path planning



Drone swarming technology significantly enhances the surveying capabilities in urban landscapes, especially when the
operation is divided into specific quadrants for detailed and efficient coverage. Each drone in the swarm is assigned a
unique quadrant, allowing for simultaneous, focused data collection within predefined areas. This division maximizes
coverage efficiency and ensures detailed attention to each section of the urban environment, minimizing data overlap and
redundancy.[8] The drones collect various types of data, including visual, thermal, and spatial measurements, providing
a comprehensive overview of the urban landscape in real-time. This method drastically reduces the time required for
surveying large urban areas while ensuring high-quality data collection, making it an invaluable tool for urban planning,
development, and emergency response scenarios. The drone swarm will not only collectively work with funnelling its
information but will also incorporate an algorithm that will help assist in merging drone swarms to work as individual
or select groups.[12][3]
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{a) The topology of the drone swarm (b) The topology changing with drones lost  (c) The topology splitting with drones lost

Fig. 9 Pack Proposal[8]

The Drone Flock Control (DFC) model, as described in the study, supports this approach by facilitating the cooperative
motion of a multi-agent system within a three-dimensional environment. The DFC model, designed to run locally
on each drone, integrates a combination of flocking, path finding, and obstacle avoidance modules. By calculating a
velocity vector at each time step, which considers the collective information from all modules, DFC ensures efficient,
collision-free navigation through the assigned quadrants. The model dynamically adjusts to real-time environmental
changes and drone interactions, enhancing the precision and speed of urban landscape surveying. The integration of
DFC with quadrant-based operations exemplifies the potential of advanced swarm intelligence in practical, real-world
applications, streamlining the process of urban surveying with remarkable efficiency and accuracy.[11]

<class> ; <interface>

DFCImp M IDynamicPathfinding
-id :int + Init(DFCModelSettingsScriptableObject) : void
- dynamicPathfinding : IDynamicPathfinding + Heading() : Vector3
- flockingBehaviour : IFlockingBehaviour L
- obstacleAvoidance : I0bstacleAvoidance R ITace
- droneSettings : DFCModelSettingsScriptableObject
- target : Vector3 Vol

- speed : Veclor3 + Init{DFCModelSettingsScriptableObject) : void

+ IsHeadingForCollision() : bool
+ Init() : void + Heading(out bool) : Vector3

+ Update() : void

+ LateUpdate() : void
- FindNeighbourhood() : void <interface>

- UpdateDroneForward() : void IFlockingBehaviour

+ Init{DFCModelSettingsScriptableObject) ; void
+ FlockingHeadings(in List<Drone=>) : FlockingHeadings

Y

<class>
DFCModelSettingsScriptableObject :

ScriptableObject [static] <structure>
FlockingHeadings
- neighbourhoodRadius : float
- viewingAngle : float - cohesion ; Vector3
- safeOperatingRadius : float - alignment : Vector3
- inertia : float - separation : Vector3
- cohesionFactor : float
- alignmentFactor : float + Normalise() : void
- separationFactor : float + Zerof) : void

- pathfindingFactor : float

Fig. 10 DFC UML Diagram



VI. Computer Vision: You Only Look Once version 8 (YOLOVS)

& uitralytics

YOLOvE

Fig. 11 Yolo

The YOLOVS algorithm, an advanced version in the "You Only Look Once" series, is a state-of-the-art object detection
model that significantly impacts real-time computer vision, particularly in emergency response scenarios. This
convolutional neural network is divided into two main components: the backbone, responsible for feature extraction,
and the head, which generates the actual outputs like bounding boxes and confidence scores. In its operation, YOLOv8
divides an input image into a grid, with each cell tasked to detect objects within its confines using deep CNNs. It
employs sophisticated network architectures, such as the CSPNet for the backbone and the PANet for the head, enhancing
its ability to detect and classify objects accurately.[15]

The model’s predictive capabilities include outlining potential objects with bounding boxes, classifying these objects
(e.g., person, car), and assigning a likelihood score that an object is present. YOLOVS leverages non-maxima suppression
to remove redundant overlapping boxes, ensuring clear and concise object detection. Innovations like anchor-free
detection and hybrid training methods have further improved its accuracy and adaptability, making it an invaluable tool
in various applications, especially in critical, time-sensitive situations like emergency response.[4]

In the aftermath of natural disasters, for example, YOLOVS can
analyze aerial imagery to swiftly identify critical situations such

. 1 Cloud Services
as damaged infrastructure or hazardous obstacles, providing first 1 (pylon locator)
responders with actionable insights to prioritize recovery efforts
effectively. Additionally, its ability to monitor crowd movements in

real-time can greatly enhance evacuation management, identifying
potential bottlenecks and improving the safety and efficiency of
emergency evacuations.[14] e

In summary, YOLOvVS8 embodies a powerful combination of real-time

accuracy and efficiency, fortified by the latest advancements in CNN

technology. Its application in emergency response not only exem- =
plifies its capability to improve situational awareness dramatically
but also highlights its potential to save lives and resources. This ulti-
mately contributing to the development of more resilient communities,
effective in emergency management.[15]

Fig. 12 Yolo v8 will identify power lines [14]
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Fig. 13 Yolo v8 CNN explanation model



VIIL. Problem Statement: Proposed Solution

The proposed drone technology, is characterized by its use of sophisticated algorithms such as PSOP and drone swarm
merging. This solution proposes an innovative and groundbreaking solution that addresses the basic weaknesses of drone
and amplifies it as a strength. By deploying swarms of drones equipped with recharging clamps, this innovative system
is adept at swiftly identifying, isolating, and managing such hazards, markedly diminishing the risk of electrocution and
significantly enhancing the efficiency of emergency responses. These drones are designed for autonomous operation,
enabling them to navigate complex urban landscapes with unmatched precision and efficiency. The ability of these
drones to perch on existing power lines for recharging ensures their continuous operation, even in prolonged emergency
situations. This self-sustaining feature adeptly addresses one of the primary challenges in emergency power line
management: sustaining an uninterrupted response in the aftermath of incidents. Consequently, this technology not only
facilitates a rapid and safe response to emergencies involving downed power lines but also marks a significant leap
forward in the management of urban infrastructure.

By implementing such drone technology, urban areas can significantly mitigate the risks associated with the frequent
falling of power lines. This approach not only ensures a rapid and safe response to such emergencies but also represents
a significant advancement in urban infrastructure management. The integration of these drones into emergency response
frameworks has the potential to transform the current paradigms of urban safety, significantly reducing the hazards
associated with downed power lines and thereby safeguarding communities from the catastrophic consequences of these
all-too-common incidents.

Most importantly with the use of drone swarms with power line recharging capabilities along with computer vision. The
drone will provide a maximized field of view and autonomous decision making. That can assist any civilian to the best
of its abilities.

VIII. Concept of Operation Proposal
The operation of this advanced drone swarm system is designed around three pivotal concepts to address urban
emergencies effectively.

Fig. 14 Proposed Concept of Operation



1) Management of Fallen Power Lines

* Objective: To locate and manage downed power lines, preventing further accidents.

* Operation: Drones navigate in coordinated packs using sophisticated algorithms. Upon detecting a fallen power
line, they collaboratively lift and secure the hazardous wire in a suspended state. This action prevents it from
causing additional accidents or damages.

e Sustainability: These drones are capable of charging themselves from operational power lines, ensuring they
remain operational until emergency personnel can address the issue safely.

2) Identification of Electrical Failures

* Objective: To identify areas suffering from electrical failures, such as malfunctioning traffic signals or damaged
infrastructure.

* Operation: Drones use their perching mechanism to attach to nearby functioning power lines. They utilize onboard
cameras to provide live feedback on the affected areas. This real-time data aids in the prioritization of repair efforts
and enhances the efficiency of addressing these failures.

* Support: By providing accurate and immediate information on electrical failures, drones help in faster restoration
of services, mitigating the impact on urban life.

3) Search and Rescue Operations

* Objective: To assist in search and rescue operations following disasters.

* Operation: Drones fly at strategic vantage points, employing advanced imaging technologies to locate and identify
victims trapped or injured in inaccessible areas.

* Coordination: The drones flag these locations in real-time to a human controller, who then coordinates with
emergency responders to expedite assistance.

* Sustainability: These drones are capable of charging themselves from operational power lines, ensuring they will
perpetually be able to charge and repeat the mission.This approach significantly enhances the speed and safety of
emergency responses, ensuring a more effective allocation of resources during critical incidents and saving lives.

IX. Conclusion and Future
In conclusion, the multi functional drone system presented in this paper offers a comprehensive and innovative
solution to the critical problem of managing fallen power lines and enhancing urban infrastructure resilience. By
integrating advanced technologies such as autonomous navigation, power line charging, and sophisticated computer
vision capabilities, the proposed system significantly improves the speed, safety, and efficiency of urban emergency
responses.

The autonomous nature of the drones, coupled with their ability to operate as a coordinated swarm, addresses the
immediate dangers presented by downed power lines while minimizing the risk to human responders. The drones’
advanced detection and communication systems facilitate rapid identification and management of urban infrastructure
issues, thereby reducing the likelihood of accidents and power outages.

Furthermore, the system’s application extends beyond emergency response to include urban monitoring and management,
thereby contributing to the broader goal of creating smarter, safer cities. The integration of such technology into urban
planning and emergency management frameworks represents a significant step forward in our ability to respond to and
mitigate the effects of urban infrastructure failures and natural disasters.

As this technology continues to evolve and be refined through ongoing research and real-world testing, it is poised to
revolutionize the field of emergency response and urban management. Companies like OPTELOS, Drone DJ, and
CHCNav are companies that would all be interested in pursuing development of the drone. There is further testing
required for such an innovative drone systems that will undoubtedly contribute to the advancement of safer, more
resilient urban ecosystems, ultimately enhancing the quality of life for city inhabitants worldwide.
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