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Design of a Complex Tethering System
A prototype of an expandable drone thethering system
Xingyuan Li
Department of Mechanics and Maritime Sciences
Chalmers University of Technology

Abstract
The dissertation aims to explore a new approach to extend the mission length and
expand the flexibility of drone applications for indoor environments where a GPS or
GNSS signal is not available. The research addresses the need for enhanced power
management and coordinated control in multi-drone systems. A tethering system
is created as a prototype to enable simultaneous power distribution and dynamic
positioning. Experimental testing was conducted in a controlled lab environment
using a linked customized quadcopter and an indoor positioning system. The system
demonstrated a complex tethering system with longer durability, higher flexibility,
and higher modularity. The prototype provides a foundation for future deployment
in a variety of areas including persistent surveillance, emergency communication,
indoor manufacturing, and so on. Future work is expected to focus on improving
control accuracy and system stability.

Keywords: tethered UAV, multi-drone system, autonomous aerial systems, indoor-
positioning
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UGV Unmanned Ground Vehicle
UAV Unmanned Aerial Vehicle
UAs Unamaned Aerial System
PDU Power Dispatch Unit
AC Alternating Current
DC Direct Current
MUAV Micro UAV
URE User Range Error
WiFi Wireless Fidelity
BLE Bluetooth Low Energy
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Nomenclature

Below is the nomenclature of indices, sets, parameters, and variables that have been
used throughout this thesis.

Indices

i,j Indices for distribution network buses
t Index for time step

Sets

D Set of distribution network buses
Ds Set of substation buses
H Set of time steps (simulation/scheduling horizon)
N Set of buses

Parameters

γ Penalty coefficient
∆t Time discretization step (time interval)
ηch

j Charging efficiency of BES
ηdis

j Discharging efficiency of BES
H Adjacency matrix
N Number of iterations
P L

j,t Active power of load demand
P P V

j,t Active power from solar generation
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Variables

pj Active power injection at bus j

pji Active power flow from bus j to bus i

vi Square of voltage magnitude at bus i
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1
Introduction

1.1 Background

General human desires give birth to more and more finely-sorted products, enabling
the industries to have increasingly dispersed types of manufacturing facilities for
distinct products, ranging from different colors and sizes of mug cups to customized
paintings on cars or houses. Nowadays, those demands for more flexibility in man-
ufacturing facilities are a large market for technology development, while due to
such indoor applications and requirements for high precision and high flexibility at
the same time, there exist limited solutions. One of the most cost-effective idea is
to use current existing infrastructures to build a mechanical layer over it to facili-
tate the functionalities of flexibly disperse manufacturing, such as UGVs equipped
with robot hands which take advantage of the flexibility in a large two-dimensional
space, or drones equipped with unsimilar end-modules for different end implemen-
tations which exploit the resilience of a broad three-dimension space. Relatively,
UGVs equipped with an industry-standard robot hand would be less cost-effective,
although it might bring higher precision in the end. Since indoor UAV implementa-
tions usually do not require any new infrastructure to be additionally constructed,
and the comparatively low-precision can be compensated by advanced algorithms
during installation, it could be a good way to meet the future needs of manufac-
turing. While considering drones to solve such problems, it is obvious that the
drone itself has several inherited problems regarding operation time, relative stabil-
ity, precise localization, and human collisions. Those are usually the main challenges
during long-term applications in real life. Then, it is not hard to consider methods
like charging the UAV continuously or using a better fuel for the UAV to provide
a longer operational time. Since current battery technologies are generally limited
due to relatively low energy density, finite cycle life, and material-related safety
constraints, it would be hardly possible to use common lithium-ion batteries which
usually have an energy density of 250 – 300 Wh/kg for long-term operation of drones
which equipped with motors that consume high power. Although it is possible to
have some weight trade-offs for increasing operation time, the system will be clumsy
and unnecessarily large, and harder to implement. Therefore, connecting a power
cable to one drone or multiple drones becomes a reasonable solution for long-term
applications like surveillance, mapping, and indoor manufacturing. In addition to a
continuous power supply, a tethered drone system connected with each other offers
potential advantages in terms of improved safety, reduced downtime, and increased
payload flexibility.
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1. Introduction

1.2 Purpose
Despite the rapid development of UAS across various sectors—including commercial,
industrial, and military applications—there remains an absence of tethered UAV sys-
tems specifically designed for indoor environments with fully autonomous operation
both vertically and horizontally. While tethered drones have demonstrated signifi-
cant potential in addressing limitations related to battery life and data latency in
outdoor settings, their adaptation for indoor autonomous applications is still un-
derexplored. Addressing this gap, the primary aim of this research is to design
and develop a functional prototype of an expandable tethered drone system tailored
for indoor deployment. In the course of system development, a novel implemen-
tation framework was introduced to support modularity and scalability, enhancing
the system’s adaptability to diverse operational scenarios. The development pro-
cess emphasizes the integration of existing commercial components and prototype
technologies, demonstrating not only the technical feasibility of such a system but
also its potential for future enhancement and deployment. This study validates the
proposed tethered UAV architecture through extensive hardware implementation
and iterative flight testing conducted over several months in a controlled laboratory
setting.

1.3 Objectives
To design and build a functional tethered drone power system, several different goals
have been set:

• Component Selection: Identify and select reliable commercial and custom
components suitable for a tethered UAV system, with a particular focus on
efficient and stable power transmission through the tethering cable.

• System Customization: Appropriately adapt or modify critical hardware
and software components to meet the unique requirements of tethered drone
operation in constrained environments.

• Implementation structure: Develop a general implementation structure for
such a tethered drone system in a controlled environment in the absence of
GPS or GNSS.

• Prototype Development and Deployment: Construct a modular and ex-
pandable tethered drone prototype and demonstrate its operational feasibility
in a controlled real-time environment. This includes the integration and vali-
dation of the following subsystems:

– Power Supply System: Choose a robust and high-capacity power de-
livery infrastructure capable of continuous operation, ensuring minimal
energy loss over the tether.

– Safety-Oriented Drone Structure: Design a mechanical frame and
enclosure that minimizes risk to humans and surroundings, particularly
by safeguarding against exposed propellers during indoor operation.

– Onboard Power Management: Implement a reliable onboard power

2



1. Introduction

distribution unit (PDU) to supply clean and consistent power to flight
controllers, sensors, and peripheral components.

– Control Software Integration: Tune and adapt flight control algo-
rithms to accommodate the physical constraints imposed by tethered
flight, ensuring stable and responsive maneuverability under variable
tether tension.

1.4 Limitations
This dissertation primarily focuses on the development and evaluation of a tethered
UAV system within a controlled indoor environment. Consequently, the results and
conclusions may not be directly generalizable to outdoor or highly dynamic opera-
tional scenarios. The current system does not include autonomous tether manage-
ment or obstacle avoidance capabilities, as the primary objective was to demonstrate
the feasibility of a basic tethered UAV architecture for constrained indoor settings
such as chemical laboratories or manufacturing facilities. Human safety considera-
tions are addressed through passive design strategies, such as mechanical fail-safes,
rather than active collision avoidance systems. Besides, Aerodynamic analysis is
limited to general efficiency considerations; detailed modeling and analysis of aero-
dynamic effects, particularly those arising from interactions between multiple UAVs,
are beyond the scope of this work. Due to time and resource constraints associated
with the scope of a master’s thesis, which spans two academic semesters, aspects
such as multi-drone power distribution scalability, tether tension control, and inter-
UAV avoidance algorithms have not been explored. Also, potential power loss along
longer tethers has not been thoroughly investigated, as the system was designed
for short-range applications. The selection of tether materials was made based on
availability and pragmatic trade-offs between weight, flexibility, and electrical con-
ductivity, without extensive optimization. Moreover, the current system lacks real-
time tether tension control, relying instead on a passive tether configuration, which
may limit stability and safety in more complex environments. These constraints are
acknowledged as areas for future research and development.
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2
Literature Review

With rapid advancements of UAVs in recent years, a variety of types of UAS have
been implemented in various fields, including industrial inspection, logistics, surveil-
lance, and scientific research. While common battery-powered drones have become
increasingly capable, their operational endurance remains inherently limited by en-
ergy storage constraints, posing challenges for long-duration missions, especially in
confined indoor environments. Tethered UAS, which draw continuous power from
a ground station that could be a large PDU that transfers common AC power to
DC for the UAS or a battery-based station, provide a viable solution for extending
flight time and improving operational safety. However, most existing research and
commercial systems are optimized for outdoor, stationary applications and rarely
address the complexities of indoor deployment and modular scalability. This litera-
ture review examines the current state of tethered UAV technologies with emphasis
on power transmission, cable management, localization, and system integration.
The review establishes a foundation for the design and development of the tethered
UAV prototype presented in this thesis by identifying technological gaps in existing
approaches, particularly regarding flexible, expandable indoor systems.

Although the concept of the tethered aerial system explored in this study draws
inspiration from the researcher’s background in mechatronics engineering, the fun-
damental idea of utilizing a physical tether to connect and control a vehicle dates
back to early military innovations, notably the Brennan torpedo in the late 19th cen-
tury [1]. In this historical instance, the tether—essentially a wire—was employed
for propulsion and directional control. Over the decades, with the advancement of
robotics and control systems, tethered systems have evolved to serve a range of func-
tions across different domains. One of the earliest and most enduring applications
can be found in underwater robotics, where radio frequency (RF) communication
is severely limited. Consequently, tethers have been extensively used for both data
communication and power supply in underwater vehicles. For example, a lightweight
tether system was demonstrated in [3] to enable extended-range communication and
control, while [2] presented a fiber-optic tethered autonomous underwater vehicle for
real-time surveillance and data transmission. Beyond underwater domains, tethered
systems have also been applied in aerial contexts. In [4], a tether was utilized to
enhance the stability of airships by providing mechanical anchoring and control. Fur-
thermore, the use of tethered connections for data monitoring and communication
in aerial vehicles has been investigated in studies such as [8] and [9], highlighting
the growing interest in persistent and reliable links between ground stations and
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2. Literature Review

flying platforms. In the realm of vertical take-off and landing (VTOL) unmanned
aerial vehicles (UAVs), tethered systems have primarily been explored for continuous
power delivery, as demonstrated in works such as [5], [6], and [7]. However, most
of these implementations are constrained to micro-UAVs or mini-UAVs, delivering
power levels typically below 200W. As a result, such systems are not equipped to
carry significant payloads—often limited to less than the equivalent of a 500 mL wa-
ter bottle—thereby restricting their utility in more demanding operational scenarios.

While much of the prior work emphasizes power delivery and data transmission
via tethered cable, these solutions often assume outdoor environments where GPS
or GNSS are available. However, in indoor settings like the Chalmers Wind-tunnel
or any underground laboratories, GPS or GNSS signals are usually unavailable or
unreliable, making precise localization and navigation for UAV operations difficult.
Therefore, indoor positioning plays a very important role in it. Indoor positioning
technologies can be separated into seven main categories.

1. Satellite-based positioning system
GPS is the most common satellite-based positioning system in people’s daily
lives, providing users with an approximately average URE of less than 7.8
meters 95 percent of the time, anywhere on or near the surface of the earth
[10]. Despite the ease of the implementation of GPS, it is hard to get a
centimeter-level accuracy for indoor applications.

2. Magnetic-based positioning system
Magnetic-based positioning system can either make use of anomalies induced
by disruptions in the earth’s magnetic field to give the position of a thing,
or it can use certain artificially generated magnetic fields in which coils of
current-carrying wire are installed in strategic areas throughout the structure
[11]. Magnetic-based system usually requires relatively complex infrastructure
work before the system can be calibrated and used smoothly.

3. Inertial sensor-based positioning system
Sensor-based positioning system depends on one or multiple inertial sensors
to detect the relevant movement of the object from the start. Those sensors
mainly include accelerometers and gyroscopes. However, to get very accu-
rate readings from the sensor requires a certain trade-off in cost and internal
algorithms of the embedded system.

4. Sound-based positioning system
There are three types of sound-based positioning systems which are audi-
ble sound-based, ultrasonic sound-based, and acoustic sound-based. Audible
sound-based systems use frequencies within the human hearing range and are
relatively easy to implement, but are vulnerable to ambient noise and interfer-
ence [12]. Ultrasound-based systems, which operate above 20 kHz, offer higher
accuracy due to slower sound speed in air and are widely used for indoor local-
ization, though they suffer from short range and line-of-sight constraints [13].
Acoustic methods at lower frequencies are mainly employed in underwater or
underground environments, where radio signals fail [14]. Such technology is
quite sensitive to environmental changes and noises, and in lack of certain
accuracy regarding our applications.
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5. Optical-based
Optical-Based positioning used for localization is normally in the form of an
Electro-Magnetic (EM) spectrum. One of the cost-effective and extensively
used options is an infrared-based positioning system [15]. There are also ex-
isting products like SteamVR that implement infrared positioning technology
to improve the interactions between machines and humans.

6. Radio frequency-based
Radio frequency-based positioning systems can be separated into four cate-
gories: WiFi-based, BLE-based, RFID-based, and UWB-based systems. Wi-Fi
is commonly used for indoor positioning due to its widespread infrastructure.
However, its performance suffers from fluctuating signal strengths and multi-
path interference, typically providing room-level accuracy ( 5–15 m) [16]. BLE
is cost-effective and energy-efficient, offering moderate accuracy (1–5 m). It
is suitable for proximity-based applications, though its performance is sensi-
tive to obstructions and device placement [17]. RFID is often used in logistics
and asset tracking. Passive RFID is inexpensive but limited in range and
granularity, while active RFID systems offer better performance at a higher
cost [18].UWB provides high-resolution positioning (10–30 cm), excellent per-
formance in non-line-of-sight conditions, and low interference. However, it
requires specialized infrastructure and is relatively costly [19].

7. Vision-based
Vision-based system depends on multiple cameras in an indoor environment,
and usually those cameras are fixed in certain corners inside a room although
there were implementations with multiple movable cameras[20]. However, the
accuracy of such system is highly based on the pixel resolution of the camera,
meaning a cost trade-off in our application for small-sized drones in low speed.

The absence of reliable satellite signals in indoor environments necessitates the adop-
tion of specialized positioning technologies tailored to these conditions. Each indoor
positioning system category offers distinct advantages and challenges concerning ac-
curacy, infrastructure requirements, cost, and robustness to environmental factors.
Consequently, careful evaluation and selection of the most suitable positioning solu-
tion are imperative to ensure precise and reliable UAV localization and navigation
within GPS-denied indoor settings such as wind tunnels and underground laborato-
ries.

In summary, tethered UAV systems offer a viable approach to overcoming the
intrinsic limitations of battery-powered drones by enabling continuous power supply
and enhanced operational endurance, which are particularly critical for prolonged
indoor missions. However, extant research predominantly focuses on outdoor or sta-
tionary applications, where reliable satellite-based positioning systems such as GPS
or GNSS are available. The indoor environment, characterized by the absence or
degradation of such satellite signals, introduces significant challenges for UAV local-
ization and navigation, necessitating the deployment of alternative indoor position-
ing technologies. This review has systematically examined seven principal categories
of indoor positioning systems each presenting unique advantages and inherent limi-
tations with respect to accuracy, infrastructure complexity, cost, and environmental

7



2. Literature Review

susceptibility. Despite the breadth of existing approaches, there remains a conspic-
uous gap in the integration and scalability of these systems tailored specifically for
tethered UASs within confined or complex indoor spaces such as underground labo-
ratories and manufacturing facilities. Therefore, further research is to have modular
and cost-effective positioning solutions that can be seamlessly integrated with teth-
ered power delivery mechanisms. This foundational understanding will inform and
guide the design and implementation of the tethered UAS prototype explored in this
thesis.
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3
Design of the tethering system

3.1 Overview

This prototype design of the complex tethering system was mainly to prove the fea-
sibility of a solution that is inspired by the relevant market needs in the industry,
including a continuous power supply for long-duration missions and a precise posi-
tioning system in GPS-limited or GNSS-limited areas. Thus, the prototype system
consists of three main components: a good PDU for power transmission from the
AC civil power supply or the industry three-phase AC power supply, a cable that is
good enough to sustain the heat and with low power-lost, a drone or multiple drones
that are small but big enough to lift a reasonable payload. The framework of the
tethering system should be designed as the picture below:

Figure 3.1: General Framework

However, due to the limitation of time and resources during the master’s thesis, a
simplified framework is created:

9



3. Design of the tethering system

Figure 3.2: Simplified Framework

The tethering control system is not the main area of this dissertation, but the system
integration of the complex tethering system, of which the PDU can be paralleled
according to power requirements and the number of drones, and the drones can be
connected one to another according to the requirements of the mission.

Along the development of the tethering system, several key subsystems were either
designed from scratch or carefully integrated to achieve a functional and modu-
lar architecture. These include the ground-based power supply unit, the onboard
power conversion and regulation module, the selection of the tethering cable, the
mechanical structure and safety design of the drone, as well as the control and
communication frameworks required for stable operation. Each subsystem was de-
veloped with the overarching goal of system modularity and user flexibility in mind.
The architecture allows end-users to easily modify or scale the system by selecting
an appropriate number of drones or customizing the onboard power distribution
units (PDUs) according to specific mission requirements. This modular approach
not only facilitates future expansion and maintenance but also enables adaptation
to various operational scenarios, such as indoor inspection, monitoring, or research
activities in constrained environments.

3.2 Components selection

3.2.1 Requirements
The primary functional requirement of the tethered UAV system is to transport
a payload of moderate mass—approximately 500 grams—between two locations
within an indoor environment. This scenario imposes specific design constraints
related to lift capacity, spatial maneuverability, and power efficiency. Given that
the estimated mass of the drone platform itself is approximately 350 grams, the
total takeoff weight becomes roughly 850 grams. In typical multirotor UAV design,
a maximum thrust-to-weight ratio of 4:1 to 5:1 is generally recommended to en-
sure sufficient control authority, maneuverability, and flight stability, especially in
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confined or obstacle-rich environments. Accordingly, the system must be capable
of generating a maximum thrust in the range of 3.5 to 4.5 kilograms. At the same
time, the compact nature of indoor spaces—such as laboratory or manufacturing en-
vironments, necessitates a minimized drone footprint. This constraint requires the
use of smaller propellers, which in turn affects propulsion efficiency and demands
higher motor rotational speeds to achieve the necessary lift. Moreover, to optimize
the efficiency of electrical power delivery through the tether, a higher voltage power
transmission scheme is preferred. Operating at elevated voltages reduces the current
draw, thereby minimizing resistive losses along the tether and enhancing the overall
stability and reliability of the power supply to the onboard systems. These interde-
pendent design considerations form the foundation for the selection and integration
of mechanical, electrical, and control subsystems within the proposed tethered UAV
architecture. Therefore, the sequence selection should be from propeller and propul-
sion, to electrical components and power supply.

3.2.2 Motor selection
Several brands of motor have been selected:

1. RCinpower SmooX1507 plus 2680kv

Figure 3.3: Rcinpower SmooX1507

• Motor weight: 16.8 g
• Max current rating: 19A
• Voltage: 6s Lipo
• Max static thrust with four-inch (QF4030-3) propeller: 1101 g
• Current at maximum thrust: 18.9 A
• Thrust at half-throttle: 458 g
• Current at half-throttle: 4.4 A
• Average efficiency: 3.6 g/w
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2. T-motor F1507 2700kv

Figure 3.4: T-motor F1507

• Motor weight: 15.2 g
• Max current rating: 22 A
• Voltage: 6s Lipo
• Max static thrust with three-inch (T3140-3) propeller: 838.7 g
• Current at maximum thrust: 23.34 A
• Thrust at half-throttle: 286.38g
• Current at half-throttle: 5.12 A
• Average efficiency: 2.1 g/w

3. AMAX 2005 2500kv

Figure 3.5: AMAX 2005
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• Motor weight: 21 g
• Max current rating: 30 A
• Voltage: 6s Lipo
• Max static thrust with four-inch (T4025-3) propeller: 1152 g
• Current at maximum thrust: 16 A
• Thrust at half-throttle: 638 g
• Current at half-throttle: 7 A
• Average efficiency: 3.2 g/w

Those three motors all satisfied the initial requirements for this prototype. However,
it is obvious that they have quite different throttle curves, thus, we need some later
test to know which one will sustain us to the last.

3.2.3 ESC selection

After selecting three candidate motor types, the next step involves identifying com-
patible Electronic Speed Controllers (ESCs) that align with the operational require-
ments of the system. The chosen ESCs must support a 6S LiPo battery configuration
and be compatible with flight controllers that operate at high main clock speeds,
ensuring fast and reliable signal processing. One of the critical considerations in
ESC selection is the current handling capacity. Since the burst current during mo-
tor operation—particularly under high-load or locked-rotor conditions—can exceed
the nominal current rating by up to two times, it is essential to choose ESCs with
sufficient current tolerance and thermal protection mechanisms. ESCs are generally
considered consumable components in UAV systems, as they are more likely to fail
than motors under fault conditions. This is especially relevant during the prototyp-
ing and tuning phases, where frequent changes in parameters or control logic may
cause unexpected behavior. For example, if a quadcopter crashes or a rotor becomes
locked, the motor may draw excessive current, leading to ESC burnout. Therefore,
considering the cost-effectiveness, the following ESCs are selected:

1. Speedybee 35A 4-in-1 ESC
2. Speedybee 55A 4-in-1 ESC
3. XRotor Micro 40A 4-in-1 ESC

All three ESC options satisfy the predefined selection criteria, including compati-
bility with the power system and flight controller, as well as appropriate current
ratings. However, similar to motor specifications, the manufacturer-provided per-
formance parameters may not fully reflect real-world behavior under the specific
operating conditions of this system. Therefore, empirical testing and comparative
evaluation are necessary to assess their actual performance in practice. Through
iterative testing and integration within the prototype, the final ESC will be chosen
during the testing process.
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3.2.4 Flight controlling system selection
As discussed in the preceding chapter, satellite-based positioning systems such as
GPS are unsuitable for indoor environments due to significant signal attenuation
and unavailability within enclosed spaces. Similarly, sound-based localization meth-
ods—including ultrasound and acoustic techniques—are not ideal for this applica-
tion, given the shared nature of the laboratory environment, which introduces high
levels of acoustic interference from human activity and machinery. Considering
these constraints, along with the available resources and budgetary limitations of
the project, an optical positioning approach is deemed more appropriate. In partic-
ular, infrared-based positioning systems present a viable and cost-effective solution
for reliable indoor localization in this context. According to personal experience,
there are two types of infrared-based positioning system we can choose. One is a
motion-caption system. The other one is an indoor infrared scanning system. The
first one usually requires more infrastructure then the second one, so it is quite
costly. Therefore, the Bitcraze lighthouse positioning system is chosen. It includes
two parts: the base station, and the lighthouse positioning deck that is installed on
the quadcopter, combined with the Crazyflie Bolt flight controller. The system uses
infrared laser sweeps emitted by the Lighthouse Base Stations (v1 or v2). These
sweeps are received by an array of light sensors mounted on the Crazyflie, which
measure the timing and angle of the incoming signals. Using time difference of ar-
rival (TDoA) and angle data, the onboard algorithm computes the drone’s precise
3D position and orientation in space. Compared to traditional UWB systems like
Bitcraze’s Loco Positioning System, the Lighthouse system is more compact with
no additional anchors or infrastructures beyond the base stations, highly accurate
for millimeter-level precision, and scalable for larger areas[21].

3.2.4.1 Bitcraze Lighthouse positioning system

Here is a concept piture of the positioning system.

Figure 3.6: Lighthouse positioning system

It simply consists of two or multiple base stations which emit a stable frequency of
infrared light sweep, and the deck onboard with 4 sensors (photodiode) will calculate
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the positions relevant to the pre-calibrated area. Each lighthouse base station emits a
synchronization flash (broad IR pulse), followed by laser sweeps in two perpendicular
directions (horizontal and vertical). Each sensor (photodiode) on the deck will record
the timestamp of the sync pulse, and wait for the timestampe of the sweep crossing.
From those data, the angular position of each sensor with respect to the base station
is calculated as:

θ = (tsweep − tsync) · ω (3.1)

where:
• tsync is the timestamp of the synchronization pulse,
• tsweep is the timestamp when the laser sweep hits the sensor,
• ω is the angular velocity of the lighthouse laser (in radians per second),
• θ is the resulting angular position of the sensor relative to the base station.

After each base station gives two angles for every photodiode. These angles define
the direction vectors from the base station toward each sensor on the drone. Through
the pre-calibration process, the base stations’ positions are known.

Figure 3.7: Lighthouse positioning deck

The Bitcraze’s firmware then uses a nonlinear least-squares optimization approach
to minimize the angular error between expected and observed beam directions. The
optimization estimates the drone’s pose by solving:

min
R,t

∑
i

∥∥∥∥∥ Rpi + t
∥Rpi + t∥

− d̂i

∥∥∥∥∥
2

(3.2)

where:
• pi is the known position of sensor i in the drone’s body frame,
• d̂i is the unit vector direction from the base station to the sensor (measured),
• R is the rotation matrix representing the drone’s orientation,
• t is the translation vector representing the drone’s position,
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• Rpi + t transforms the sensor’s local position into the world frame.
This kind of optimization is usually solved using methods like Levenberg-Marquardt,
which are effective for pose refinement in rigid-body transformations [22]. The
estimated pose is then fused over time using an Extended Kalman Filter, which
integrates IMU data to smooth noise and improve robustness under occlusion or
temporary signal loss.

In reality, the base stations are initially installed in my garage and the base stations
look like as the follow:

Figure 3.8: SteamVR base station

Figure 3.9: Installed base station
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3.2.4.2 Bitcraze CrazyBolt Flight Controller

Because of the convenience of the CrazyFlie eco-system, the CrazyBolt flight con-
troller is chosen for the custmized quadcopter. The Crazyflie Bolt 1.1 is an open-
source, brushless flight controller developed by Bitcraze, designed to bring the flex-
ibility and modularity of the Crazyflie 2.X ecosystem to larger and more powerful
drones. It supports 1–4S LiPo batteries and features integrated ESC connectors
for brushless motors, allowing for high-thrust applications but based on our motor
choices, some minor change with it will be needed.

Figure 3.10: CrazyBolt Flight Controller

3.2.5 Cable selection

For the main power transmission line of the tethered UAV system, a high-temperature
silicone-insulated 12 AWG high temperature silicone cable has been selected. This
choice is grounded in the need to balance current-carrying capacity, thermal stability,
mechanical flexibility, and weight. The 12 AWG cable offers a practical compromise,
capable of safely carrying continuous currents in the range of 50–60A with minimal
voltage drop over moderate lengths, which aligns with the system’s 24V supply and
peak load demands. According to the manufacturer, a table of different size of
silicone cables and the respectively current and power ratings are shown.
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Cable
Number

Diameter
(mm)

Resistance
(ohms/km)

Cross-section
area (mm^2)

Nominal
Current (A)

6 AWG 8.5 1.21 16.08 300
8 AWG 6.3 4.1 8.29 190
10 AWG 5.5 6.3 5.3 140
12 AWG 4.5 9.8 3.4 132
14 AWG 3.5 15.6 2.07 82.5
16 AWG 3.0 24.4 1.27 55.6
18 AWG 2.3 39.5 0.75 22
20 AWG 1.8 62.5 0.5 13.87
22 AWG 1.7 88.6 0.33 8.73
24 AWG 1.6 97.6 0.2 5

Based on the power requirements for the dual-drone configuration, the maximum
nominal current for the tethered power supply is estimated by assuming two-thirds
of the full-throttle current, to ensure sufficient power delivery under typical high-
load conditions without significant voltage drop. Each quadcopter is equipped with
four motors, each drawing a peak current of approximately 20A. Therefore, the com-
bined nominal current for both drones is calculated to be around 106A. To maintain
a balance between electrical performance and mechanical feasibility, a lightweight
cable solution is preferred. Under this constraint, 12 AWG wire is considered ade-
quate for this application, as it provides acceptable current-carrying capacity over
short distances typical of indoor use, while minimizing added weight and drag.
Additionally, silicone-insulated multi-strand wires were selected over standard single-
core or thermoplastic-insulated alternatives. Silicone offers superior thermal resis-
tance, typically up to 200°C, and maintains its structural integrity under elevated
temperatures where conventional plastic insulation may degrade, melt, or burn and
causing fire. Given the experimental nature of the prototype and the potential for
momentary current surges beyond nominal ratings, the use of silicone-insulated wire
enhances system safety and reliability during prolonged testing or fault conditions.

3.2.6 PDU selection

In the design of a tethered UAV system, the Power Distribution Unit (PDU) plays
a critical role in delivering continuous and stable power from the ground to the air-
borne platform. For this project, a parallelable 4kW DC power supply was selected,
operating at approximately 24V to match the UAV’s 6S LiPo-equivalent voltage
level. In order to deliver stable power to two drones in parallel, 4kw of power will be
initially estimated to be needed becasue one motor usually have a maximum power
of about 500w or even more, then, two drones with eight motors will need at least
4kw of power. While with the increase of need of the number of drones, the power
supply can be paralleled, this can satisfy later integration requirements. Therefore,
a power supply with a stable of 4kw output at 24v will be needed, and MeanWell
RST-5000-24 PDU will be chosen.
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Figure 3.11: PDU specifications

Figure 3.12: PDU selection
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3.3 Drone design
To develop a customized UAV platform tailored for a tethered indoor drone system,
several key design considerations were prioritized. First, the UAV must be compact
enough to operate safely within constrained indoor environments. Second, the struc-
tural configuration should be designed to minimize the risk of injury in the event
of a collision, making safety in human-drone interaction a primary concern. Third,
the frame should be sufficiently robust to withstand frequent low-altitude crashes
that may occur during development and testing. Compatibility with commonly used
flight controllers and electronic speed controllers (ESCs) was also ensured by adher-
ing to industry-standard mounting dimensions (20mm × 20mm with M2.5 screws
or 30.5mm × 30.5mm with M3 screws).
In terms of safety and aerodynamic efficiency, ducted propeller guards were inte-
grated into the drone frame. These ducts serve not only to shield users from potential
injuries caused by exposed rotating propellers but also to enhance airflow control and
thrust efficiency in close-proximity environments. Design guidelines were referenced
from established works, including [25] and [26], which suggest that duct geometry,
clearance, and length significantly influence aerodynamic performance and propeller
wash characteristics [23] and [24].
Additionally, to support indoor localization using a Lighthouse tracking system,
the lighthour positioning deck was placed on top of the frame to ensure optimal
line-of-sight visibility. Unlike conventional FPV drone configurations, this design is
purposefully modified to accommodate both the localization system and the control
system. To facilitate rapid prototyping and structural integrity, the drone frame
was fabricated using polycarbonate (PC) filament with in-house FDM 3D printing,
offering a favorable balance between durability, weight, and ease of manufacturing.
This is a decision during the relatively long lead time of the carbon fiber board
cutting. The inital design looks like the following:

Figure 3.13: 3D-printed version

The drawing of the upper part is shown as the following:
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Figure 3.14: The upper part drawing

The initial assembly of the drone is shown as the following:

Figure 3.15: Initial Assembly

Subsequently, a carbon fiber variant of the drone was developed, maintaining the
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original dimensional specifications. In this revised design, the duct structure was
modularized, and a protective landing gear was designed to be broken first in crashes,
which will protect the sensors on board. This enhancement aims to reduce the risk
of processor malfunction during high-G impact events, such as crashes.

Figure 3.16: Carbon-fiber version of the tethering drone-3D CAD

Figure 3.17: Main board drawing
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Figure 3.18: Second board drawing

The duct and the gear is separately designed as the following:

Figure 3.19: Duct–3D model
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Figure 3.20: Duct–2D drawing
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Figure 3.21: Gear–3D model

Figure 3.22: Gear–2D drawing
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3.4 Power conversion design
The onboard power conversion subsystem in the tethered UAV architecture plays
a critical role in ensuring stable and reliable power delivery to essential electronic
components. To accommodate the varying voltage requirements of the onboard
systems, two dedicated power conversion circuits were designed. The first circuit
provides a regulated 5V output, primarily intended for the flight controller and the
infrared-based lighthouse positioning system. The second circuit outputs 12V and is
reserved for powering additional sensors or peripherals, thereby supporting potential
future system expansions. Thus, the design flow is shown as the following:

Figure 3.23: PCB design flow
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3.4.1 5V output board

3.4.1.1 Requirements

1. Input:
• Voltage Nominal: 24v
• Voltage Range: 12v to 60v
• Current: 3A maximum

2. Output:
• Voltage: 5v
• Maximum Current: 5A in total
• LDO output: 2A maximum

3. Size:
• Mounting points: 30.5mm x 30.5mm; M3
• Area: ≤ 35mm x 35mm

3.4.1.2 PMIC selection

Based on the design considerations and power requirements outlined previously, the
LM76005-Q1 was selected as the primary integrated circuit for voltage regulation.
This device is a 5A synchronous step-down voltage regulator featuring integrated
MOSFETs, which offers high efficiency, compact size, and robust performance. Its
automotive-grade qualification and wide input voltage range make it well-suited for
the stable power delivery required in the tethered UAV system.

3.4.1.3 Design and simulation

Figure 3.24: Schematic – 5v regulator module
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The simulation was ran in PSPICE software for the main regulation part without
the LDO part, as the rest should work well, and it will be known later after tests.
Here is the simulation results:

Figure 3.25: General simulation result – 5v regulator module

Figure 3.26: Detailed simulation result – 5v regulator module

The simulation is obvious that it satisfy the requirements, but in reality the output
ripple could be bigger or smaller due to different reasons. The ripple is about 10mv
at last with an input ripple of 1v. The input is set like this due to the reason that
the input is actually an output from PDU which usually have a frequency of larger
than 400khz with about 250mv ripple on the output side.
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3.4.1.4 Board

Figure 3.27: PCB1

Figure 3.28: 5V regulation board
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3.4.1.5 Circuit Test

• Input: PDU 24v output;
• Output voltage with no load: 5.12V ± 0.01V with 8mV of ripple;
• Output voltage with stable maximum load (4.5A ± 0.1A) (tested for 12 hours):

5.06V ± 0.02V with about 35mV ± 2V of ripple;
• Output voltage with maximum load (5.5A ± 0.1A) without LDO (can sustain

maximum 17 seconds until automatical shutdown, can re-start): 5.04v ± 0.02v
with 25mV of ripple;

• Ouput voltage with maximum load (1.5A ± 0.2A on the LDO side, 3.5A
± 0.2A on the common output side, can sustain about 30 seconds before
automatically shutdown, can re-start): 4.97V ± 0.02V with 25mV ± 1mV of
ripple and on the LDO output side; 5.01V ± 0.04V on the common output
with 150mV ± 10mV;

3.4.1.6 Summary

After all, the LDO output is deleted because it seems not necessary after several
long-term test. The LDO brought more ripples to the original output due to the
inherited problems from the LDO IC’s topology which affect the main frequency in
bad way. Also, the fuse was changed to a smaller one, a 2A one in order to shutdown
the circuit before the main IC fails.

3.4.2 12V output board

3.4.2.1 Requirements

1. Input:
• Voltage Nominal: 24v
• Voltage Range: 12v to 60v
• Current: 3A maximum

2. Output:
• Voltage: 12v
• Maximum Current: 5A in total
• LDO output: 1A maximum

3. Size:
• Mounting points: 30.5mm x 30.5mm; M3
• Area: ≤ 35mm x 35mm

3.4.2.2 PMIC selection

To shorten the period of development, the PMIC is chosen as the same as the
previous one.
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3.4.2.3 Design and simulation

Figure 3.29: 12V board schematic

Figure 3.30: General simulation result – 12v regulator module

Figure 3.31: Detailed simulation result – 12v regulator module

The simulation obviously satisfy the requirements but certain changes may be made
later after tests.
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3.4.2.4 Board

Figure 3.32: PCB1

Figure 3.33: 5V regulation board
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3.4.2.5 Circuit Test

• Input: PDU 24V output;
• Output voltage with no load: 12.13V ± 0.01V with 12mV of ripple;
• Output voltage with stable maximum load (4.7A ± 0.1A) (tested for 12 hours)

without LDO output: 12.01V ± 0.02V with about 55mV ± 4mV of ripple;
• Output voltage with stable maximum load (3.3A ± 0.1A on the main output;

1A ± 0.1A on the LDO output side): 11.95V ± 0.01V with 5mV ± 1mV of
ripple on the LDO output side; 12.02V ± 0.01V with 75mV ± 3mV on the
common output side;

• Output voltage with maximum load (5.3A ± 0.1A) without LDO (can sustain
27 seconds until automatical shutdown, can re-start): 11.94V ± 0.03V with
115mV of ripple;

• Output voltage with maximum load (4.4A ± 0.1A on the common output side;
1.2A ± 0.05A on the LDO output side): can sustain 9 seconds, fuse burned,
cannot re-start.

3.4.2.6 Summary

In summary, the LDO output is retained despite its minor influence on the main
power output. This influence is minimal and does not significantly degrade perfor-
mance, as the system continues to deliver a stable output with an acceptably low
voltage ripple. Additionally, the fuse has been replaced with a 2.5A variant to ensure
it activates prior to any automatic restart or sleep events caused by overcurrent or
thermal protection mechanisms.

3.5 Final Assembly view
• Tethering drone No. 1:

Figure 3.34: Tethering Drone No. 1
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Figure 3.35: Tethering Drone No. 2

Figure 3.36: Tethering system with tube connected

Two drones have been successfully assembled with fully functional systems, although
one currently lacks two duct components due to damage sustained during crash test-
ing. The third image depicts the fully assembled tethered drone, where a power and
data cable is connected via a protective tube. This configuration is specifically de-
signed for upcoming liquid transfer experiments, ensuring stable communication and
power delivery while minimizing mechanical interference. The tethered setup also
enhances operational safety and control during extended indoor testing scenarios.
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3.6 Flight test and tuning

Flight testing and control tuning represent the most critical and time-intensive
phases of the drone design process. These evaluations are conducted within a con-
fined laboratory environment equipped with three infrared lighthouse base stations,
which provide high-precision spatial tracking to facilitate accurate performance as-
sessment and system calibration.

Figure 3.37: Testing environment

3.6.1 Environment Calibration

The first step to tune a precise indoor positioning system is to have a good calibration
of it. The three base station is place in a way that they are compensate each other,
as each of them covers a horizontal field of view of approximately 150 degrees and
a vertical field of view of about 110 degree. And, according to the datasheet of
the base station, it can have a range up to 10 meters, although during specific
test, I discovered that it can maximum have an effective range to the drone at
approximately 6 meters. Therefore, in a lab area of about 3m x 4m, those three
base stations can be put like the following in order to get no dead area in the lab
area.
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Figure 3.38: Base station positions

After the right placement of the base stations, the positioning deck installed on
the UAV needs to be tested and calibrated, which will have a three-dimensional
estimation of the lab area. Here is the result from the calibration:

Base station
No. X Y Z

1 1.05 0.22 2.98
2 -0.34 -2.94 2.97
3 -1.75 1.85 2.88

The estimation of the position of the base stations is quite reasonable, Therefore,
further experiments can be started.

3.6.2 PID control loop
By default, the Crazyflie firmware implements a cascaded control architecture based
on proportional-integral-derivative (PID) regulators to govern the drone’s dynamic
behavior. This architecture comprises a hierarchy of PID controllers, each responsi-
ble for a specific control domain: position, velocity, attitude, and angular rate. The
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output of each higher-level controller serves as the reference input for the subsequent
lower-level controller, thereby enabling precise and stable flight through a structured
cascade of feedback loops [27].

Figure 3.39: PID control of crazyflie firmware

Each loop computes control commands based on the error between desired setpoints
and estimated states, with the output of each higher-level controller serving as the
input for the subsequent lower-level controller.

• Position Control
The position controller computes the desired velocity vset based on the error
between the desired position pset and the estimated position pest:

vset = Kpos
p (pset − pest) + Kpos

i

∫
(pset − pest)dt + Kpos

d

d

dt
(pset − pest) (3.3)

• Velocity Control
The velocity controller determines the desired attitude angles θset using the
velocity error:

θset = Kvel
p (vset − vest) + Kvel

i

∫
(vset − vest)dt + Kvel

d

d

dt
(vset − vest) (3.4)

• Attitude Control
This controller computes the desired angular rate ωset based on the attitude
error:

ωset = Katt
p (θset − θest) + Katt

i

∫
(θset − θest)dt + Katt

d

d

dt
(θset − θest) (3.5)

• Angular Rate Control
The final control loop calculates the control signal u (typically converted to
PWM signals) to drive the motors:

u = Krate
p (ωset − ωest) + Krate

i

∫
(ωset − ωest)dt + Krate

d

d

dt
(ωset − ωest) (3.6)

In summary, those controller enables the drone to possibly have a good flying pattern
in a dynamic environment, but certain tuning process is needed.
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3.6.3 Flight Tests

Figure 3.40: Flight test with pay-
load

Figure 3.41: Flight test without
payload

The primary objective of the manual flight tests was to fine-tune the UAV’s flight
characteristics to achieve a response that aligns intuitively with pilot inputs—a pro-
cess often described as enabling the drone to “follow the hand.” This subjective
measure of controllability serves as an initial reference for tuning the flight control
loop. The flight controller used in this project, based on the Bitcraze Crazyflie
2.1 architecture, utilizes a cascaded PID control structure. In this configuration,
outer-loop attitude controllers compute desired angular velocities, which are then
passed to inner-loop rate controllers. Each axis (roll, pitch, yaw) is governed by a
proportional–integral–derivative (PID) controller, with gains empirically tuned to
optimize responsiveness and stability. The control mode was initially set to “angle”
mode but was quickly switched to “rate” mode (also known as “ACRO” mode),
disabling auto-leveling and enabling more precise tuning of angular rate response
based on the pilot’s perception of agility and damping.

Tuning was conducted over multiple test flights, relying on empirical adjustments
due to the absence of a physics-based simulation environment for this custom, teth-
ered system. The gains were iteratively adjusted to minimize overshoot, reduce
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oscillations, and ensure responsive but stable maneuvering. For instance, increasing
the derivative term on the pitch axis helped dampen fast oscillations during aggres-
sive forward tilts, while moderate integral gains on roll ensured stability against
drift without introducing windup effects. Such tuning is very customized to the
ESC and the motors’ current performance, it might requires changes for a different
drone with the same size.

The original PID values are shown as the following:

Controller Type P I D FF(Feed-Forward gain)
Rate Roll 500 500 5 No FF option

Pitch 500 500 5
Yaw 100 50 5

Attitude Roll 5 5 5 No FF option
Pitch 5 5 5
Yaw 5 5 5

Velocity X 25 25 5 5
Y 25 25 5 5
Z 25 25 5 No FF option

Position
Control X 5 5 5 No FF option

Y 5 5 5
Z 5 5 5

Hover
Thrust 32768

After many iterations of tuning, I got the following:

Controller Type P I D FF(Feed-Forward gain)
Rate Roll 150 100 3 No FF option

Pitch 150 100 3
Yaw 50 15 1.5

Attitude Roll 4 1.2 1.1 No FF option
Pitch 4 1.2 1.1
Yaw 2 0.7 0.25

Velocity X 15 8 6 2.5
Y 15 8 6 2.5
Z 12 7 3 No FF option

Position
Control X 5 5 5 No FF option

Y 5 5 5
Z 5 5 5

Hover
Thrust 2000

A major technical challenge was scaling the control system from the original 50g
Crazyflie micro-UAV to a significantly larger and heavier tethered prototype ( 800
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g), equipped with high-thrust brushless motors and larger propellers. This 16-
fold increase in mass required not only recalibration of control parameters but also
reevaluation of the component endurance under real-world conditions. Motor selec-
tion was particularly critical; two candidate motors failed during testing—likely due
to thermal overload or sustained high torque at low throttle conditions. Similarly,
four ESCs were damaged, with root causes including overcurrent during locked-rotor
scenarios and possible signal integrity issues between the flight controller and ESC
pulse-width modulation (PWM) interface.

After many iterations, the AMAX 2005 brushless motor and SpeedyBee 55A BLHeli-
32 ESC combination proved to be the most reliable. The ESC, rated for a burst
current of 75 A and continuous 55 A, showed resilience under dynamic loads. Ther-
mal monitoring confirmed that the selected ESC remained within safe operating
limits during aggressive flight maneuvers, suggesting effective power delivery and
MOSFET cooling design. This combination formed a robust foundation for further
testing and long-term operation within the tethered UAV system. While a detailed
root-cause analysis of failed components was not feasible due to project constraints,
the empirical approach adopted here successfully identified a viable and durable
propulsion configuration for indoor tethered flight operations.

3.6.4 Automatic control tuning

The process of automatic flight control tuning proved to be both time-consuming
and technically demanding throughout the course of this project. This complex-
ity may stem from several contributing factors, including the prototype nature of
the UAV platform and the inherent difficulty in achieving a well-balanced control
response across multiple axes. The absence of a high-fidelity simulation environ-
ment also meant that tuning had to be performed entirely through real-world flight
tests, further increasing the time and resources required. Nevertheless, through sys-
tematic experimentation and empirical tuning, a relatively stable configuration was
eventually achieved, enabling the UAV to maintain autonomous hover and basic
maneuvering with acceptable precision.

The original maneuvering, with default PID values looks looks like the following:
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Figure 3.42: One of the single drone tests plot in 2D

Figure 3.43: One of the single drone tests plot in 3D

It is obvious that there are lots of combined problems such as PID overshooting,
actuator saturation, and so on. During the test different kinds of values have been
tried but the progress is little in the final output. Nevertheless, after weeks of tuning,
the single tethered drone can successfully flying in an acceptable stability although
the position PID values are still need more fine tuning. The tuned PID values are
shown below:
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Controller Type P I D FF(Feed-Forward gain)
Rate Roll 150 100 8 No FF option

Pitch 150 100 8
Yaw 50 15 4

Attitude Roll 4 2.5 1.7 No FF option
Pitch 4 2.5 1.7
Yaw 2 0.7 0.25

Velocity X 21 12 7 4
Y 21 14 5 2.5
Z 12 7 3 No FF option

Position
Control X 5 2.3 1.5 No FF option

Y 5 2.3 1.5
Z 3 2 1.5

Hover
Thrust 2500

The flying pattern is shown as the below:

Figure 3.44: One of the final single drone tests plot in 2D
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Figure 3.45: One of the final single drone tests plot in 3D

The above plots illustrate the UAV’s performance during autonomous flight with
PID control. The 3D trajectory plot shows a significant deviation between the tar-
get and actual paths, particularly at the beginning, indicating instability and high-
frequency oscillations—likely due to aggressive proportional or insufficient derivative
gains. The 2D position-over-time plot reveals that altitude control (Z-axis) is rela-
tively stable with minimal error after initial transients, suggesting effective vertical
PID tuning. In contrast, lateral motion (X and Y axes) exhibits persistent oscil-
lations and overshooting, highlighting tuning imbalances, possible signal noise, or
dynamic coupling effects such as tether interference. Overall, while the vertical con-
trol loop is well-tuned, the horizontal position control requires further optimization,
possibly through reduced P gain, increased D gain, and the addition of filtering or
adaptive tuning strategies.
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4
Conclusions

4.1 Conclusions
This project successfully established a functional indoor tethering system integrated
with a precise optical-based positioning infrastructure, tailored for indoor multi-UAV
applications. Although the current implementation supports only a single drone, the
system architecture was deliberately designed for scalability, and extending it to ac-
commodate additional UAVs requires only minor material augmentations without
substantial modifications to the core infrastructure. In parallel, a customized UAV
platform was developed, incorporating a robust onboard power supply and distri-
bution circuit. The structural design of the drone, alongside the reliability of the
onboard electronics, played a crucial role in ensuring stable and safe operation under
tethered power. Furthermore, a fundamental control loop was successfully tuned to
achieve a relatively stable flight performance. While the current positioning control
still exhibits room for improvement in terms of precision, the results demonstrate
a solid foundation for further refinement. With continued development, the con-
trol accuracy and system resilience are expected to improve, supporting broader
deployment in indoor robotic applications.

4.2 Discussion
The developed tethering system, with its stable indoor positioning, continuous power
supply, and modular design, opens a wide array of application possibilities beyond
simple UAV operation. Its long-term operational capability, safety-focused design,
and ability to support high-power consumption make it particularly suited for in-
dustrial, laboratory, and inspection environments where traditional battery-powered
drones are limited by flight time and operational stability.

• Robotic manipulation for Manufacturing Environments:
The tethered UAV system can be adapted as a free-moving robotic manipulator
in advanced manufacturing processes, effectively acting as a robotic "hand" or
mobile tool carrier. For example, in a car assembly line, such a system can
carry tools or sensors to hard-to-reach areas of a vehicle’s chassis, performing
tasks like spot welding, component inspection, or even real-time calibration.
Unlike fixed-arm robots, the tethered UAV offers flexible reach within a large
workspace, while the power tether ensures uninterrupted operation and high
payload capacity.

• Liquid Transfer and Sampling in Chemical Laboratories:
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In sensitive chemical laboratory environments, where human interaction may
be hazardous or contamination-prone, a tethered UAV can be employed to
perform tasks such as liquid sampling, transfer between stations, or mixing
operations. The UAV’s capacity for precise localization and extended opera-
tional time makes it suitable for tasks requiring careful handling. For instance,
in a bio-lab, it could transfer microfluidic samples between PCR machines and
imaging stations without requiring physical transport by personnel, thus re-
ducing risk and improving throughput.

• Long-term surveillance and monitoring:
The tethering system is inherently advantageous for persistent surveillance
and environmental monitoring tasks. With its unlimited power supply and
stable indoor or semi-outdoor flight, it can remain airborne for extended pe-
riods—hours or even days—unlike conventional drones. Applications include
monitoring security-sensitive zones such as data centers, airports, or museums.
Additionally, in scenarios such as underground infrastructure or warehouse
automation, the tethered UAV can provide persistent visual or sensor-based
feedback without interruption.

• Structural Inspection for Aircraft and Civil Infrastructure:
The tethering system is inherently advantageous for persistent surveillance
and environmental monitoring tasks. With its unlimited power supply and
stable indoor or semi-outdoor flight, it can remain airborne for extended pe-
riods—hours or even days—unlike conventional drones. Applications include
monitoring security-sensitive zones such as data centers, airports, or museums.
Additionally, in scenarios such as underground infrastructure or warehouse
automation, the tethered UAV can provide persistent visual or sensor-based
feedback without interruption.

• Marine Applications and Remote Sensor Deployment:
Beyond terrestrial use, the tethering system can be mounted on vessels to
enable sensor deployment in marine environments. A drone, powered via tether
from a ship, could carry sensors to specific locations in the sea for water
quality monitoring, sonar scanning, or equipment placement. This approach
could eliminate the need for robotic arms or divers in certain use cases. The
modular nature of the UAV also allows it to return, swap tools, and redeploy
with different sensors or payloads as needed.

In essence, the tethering system designed in this project has demonstrated not
only immediate applicability for UAV power and positioning, but also broader rel-
evance across multiple industries. Its scalable architecture, continuous power deliv-
ery, and flexible deployment capabilities position it as a promising platform for a
new class of long-duration, semi-autonomous aerial robots in both structured and
semi-structured environments.
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