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ABSTRACT

In this paper, we present an autonomous landing and recharging system with a proposed tech-
nique to electrically isolate the Unmanned Aerial Vehicle (UAV) battery during recharging while
maintaining continuity of power to the UAV avionics. This ensures that the full charging current
is directed solely to the battery - enabling safer recharging of the battery, while components such
as the flight controller, companion computer, and other peripherals are continuously powered
through a separate power path. We achieve this by developing a power distribution board (PDB)
with integrated PowerPath controllers to seamlessly switch avionic loads from the onboard battery
in the UAV to the charging source in the station without interruption upon docking. The overall
system utilizes an omnidirectional station equipped with a contact-based interface and bidirectional
communication to monitor and control the charging process. To support autonomous docking, a
vision-based detection and localization approach is employed to ensure the precise alignment nec-
essary for contact-based recharging. Experimental results have confirmed smooth power switching
and consistent battery recharging.

Keywords: UAV, Landing and Recharging Station, Autonomous Recharging, LiPo Battery, Battery Management
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Nomenclature

[tx,ty,2;] = Translation Vector
Fay = World Frame

Fe Camera Frame

T Transformation Matrix
R Rotation Matrix

A = Area
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1 Introduction

Unmanned Aerial Vehicles (UAVs) have been applied in diverse applications but are constrained by
limited battery capacity, which restricts flight duration, thus giving rise to autonomous recharging methods
[1-3]. Contemporary work surrounding autonomous recharging includes wireless power transfer [4—6],
Unmanned Ground Vehicles (UGVs) for recharging [7-9], contact-based charging [10] and battery
swapping techniques [11-13]. Studies around autonomous UAV battery recharging show promising
techniques for recharging, but do not isolate the battery from the electronic loads [14—17]. This means
that the battery pack is in use by the onboard electronics, which complicates battery monitoring and the
recharging process.

A number of studies provide evidence that charging a battery while it remains under load is com-
parable to charging under the influence of a current ripple effect [18-20]. The underlying mechanisms
discussed in the literature, such as internal potential buildup, concentration polarization, and ripple-
induced RMS current losses, indicate that these conditions reduce charging efficiency and accelerate
battery aging. Specifically, ripple-like current oscillations have been shown to increase heating, worsen
electrochemical stress, and promote chemical imbalances within the cell [20]. Since discharging and
charging occur simultaneously when a battery is kept under load, the cell undergoes additional stress,
which closely resembles the ripple charging profiles observed in prior research. These effects not only
decrease coulombic efficiency but also accelerate capacity fade, thereby reducing the overall lifetime of
the battery [21]. For this reason, our approach is focused on isolating the battery onboard the UAV while
seamlessly offloading avionic load to a secondary source.

This paper presents a novel approach towards isolating the battery of the UAV and autonomously
recharging it with a contact-based method. A custom-designed power distribution board (PDB) with a
PowerPath controller is developed and implemented onboard for UAV hardware. The PDB electrically
isolates the onboard battery of the UAV and continuously powers common components through a separate
power path during docking and recharging. To demonstrate our work, we developed an omnidirectional
docking station equipped with a passive-alignment mechanism. This system uses the UAV’s own weight
to guide it along a sliding surface, ensuring consistent and repeatable positioning for interfacing upon
landing. Our work uniquely integrates autonomous landing and recharging into one comprehensive
system, including battery isolation and routing of a separate power path, without any mechanical com-
plexity or significant addition of weight. Our experiments show that integrating the PDB into the UAV
produces similar charging curves to those obtained when the battery is directly connected to a recharger,
ensuring no interference with avionics or efficiency loss compared to reported works. Finally, we validate
the system’s performance during autonomous flight operations, including takeoff, precise landing and
recharging cycles without any power discontinuities.

The remainder of this paper is organized as follows: section 2 reviews related works on UAV charging
stations; section 3 presents the methodology and design of the recharging station; section 4 covers
controlled comparison of standalone and onboard recharging; section 5 covers flight experimentation,
analysis of results and discussion; and finally, section 6 concludes the paper and outlines the direction of
future work.

2 Related Works

This section reviews prior research on autonomous UAV battery recharging, emphasizing the various
docking mechanisms employed and the degree to which battery isolation has been implemented.
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2.1 Secondary Battery/Hot-Swapping

Hot-swapping refers to the replacement of a UAV’s battery while maintaining continuous power to
the avionics. A novel approach described in [22] employs a secondary drone to deliver a charged battery
and perform an in-flight exchange with the depleted one, offering a robust solution for autonomous battery
replacement, albeit without recharging the removed battery. In a related study [23], the authors propose
autonomous battery recharging of a primary UAV using a secondary drone equipped with charging ports
integrated into its landing gear. However, battery isolation is not implemented during the recharging
process of the primary UAV in this configuration.

2.2 Unmanned Ground Vehicles

Air-ground collaboration with UAVs and UGVs is a developing field where the UGVs are equipped
with charging interface on the roof of the vehicles. The UGVs are marked with features that can be
identified and tracked by the UAV, which allows it to land on the pad for recharging [24]. The UGVs
can be equipped with Wireless Power Transfer (WPT) pads [25, 26], contact charging pads [27] or a
robotic arm to manually replace the battery altogether [28]. Despite being a promising technique to
autonomously recharge UAV batteries, none of the studies isolate the battery prior to the commencement
of recharging.

2.3 Omnidirectional Recharging

Recharging the UAV’s battery regardless of its orientation makes the process less complicated by
removing complex alignment fixing mechanisms. AutoCharge [15] uses a circular interface pattern
to allow omnidirectional recharging functionality. To stabilize the recharging interface, AutoCharge
proposes using Electro-Magnets (EMs) to secure the interfaces together and use convex-concave features
to allow self-adjustment. Another study conducted on omnidirectional recharging used alternate polarized
square copper areas along with contact terminals attached to the UAV’s landing gear [ 14]. Omnidirectional
recharging allows the UAV to relax precision when it is landing or performing orientation correction after
landing.

2.4 Vision-based Autonomous UAV Landing

Vision-based autonomous landing for UAVs is a popular choice by mounting a downward-facing
camera to observe the surface beneath because they are lightweight and inexpensive [29]. Computer
vision strategies then enable precise touchdown on static or dynamic platforms, without the need for
GPS. This is achieved by using a fiducial marker, a visually distinct reference point that is used to develop
guidance systems to navigate the UAV towards a specific location. Many landing systems incorporate the
use of AprilTags [30] or custom visual targets, with their tradeoft and details discussed in [31]. Recent
research in this field is primarily focused on using deep learning, like the you-only-look-once (YOLO)
model, to quickly detect the marker in varying environmental conditions [32, 33] or predicting errors
from battery charge, flight path, altitude and velocity to correct the final landing position to enhance
landing precision [34]. The challenge of these markers in real-world environments is that they occupy
a large amount of space, especially when integrated within a recharge station. This often increases the
overall size of the station, where active alignment systems are needed to align the UAV for recharging
[35].

This section has highlighted different approaches to autonomous UAV battery recharging. The dis-
cussion has flying secondary battery systems, air-ground collaborations with UGV, and omnidirectional
recharging techniques. Building on this foundation, the following section delves into the methodology,
presenting the core concepts and system overview, including the design of the landing station, interface,
and onboard circuitry to further advance the proposed autonomous recharging solution.
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3 System Architecture and Design

In-flight Operation

Station

Y

Power Source

Microcontroller

BMS Onboard Battery
A
recharge 8
Control £
g
£
Power Source Power Distribution
Board
Y
Onboard
BMS NS Onboard Battery
A ° |
recharge o .
© | Disconnected
Control E -—
c

Power Distribution z

Avionics powered

by station

Onboard

Fig. 1 Power distribution onboard the UAV during in-flight operation and when docked at the station.

This section introduces the core concept and design of the recharging system. The station in this
work is developed to be compatible with a 4S LiPo battery and is detailed in the subsequent section.
Inspired by the work of [15], the interface can be adapted to any LiPo battery by increasing the number
of electrical connections and choosing the appropriate charger for balanced charging.

3.1 Electrical Design of the Power-Switching Architecture

The core framework of the power-switching and autonomous recharging is depicted in Fig. 1. A
custom-designed PDB mounted on the UAV manages the transition from battery to ground power, ensuring
uninterrupted operation of critical onboard systems such as the flight controller, onboard computer, ESCs,
and camera module. To facilitate this process, a PowerPath controller - LTC 4416 [36], is installed on the
PDB. The PDB accepts dual power inputs and distributes current through six parallel outputs, handling
up to 50A of current.
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Fig.2 An illustrative diagram of the Recharging System.
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The integrated PDB automatically prioritizes the auxiliary power supply whose voltage is higher
than the total battery pack voltage. When the auxiliary power is connected, the PDB powers the UAV
system through ground power while simultaneously isolating the onboard battery for recharging. The
working principle of the PDB achieving battery isolation is shown in Fig. 2. Vout supplies power from
either V1 or V2 to the avionics. When the PDB detects voltage input from the GS, it gives V1 priority
and no longer registers V2, thereby isolating the battery. As the UAV switches to docking mode, the
flight controller disarms the ESC by preventing the power supply to it from the battery.

3.2 Interface and Recharge Control

Fig.3 Component layout of the ground station and PDB connection

The interface of the docking station sits at the center of the recharging station. The UAV and the
ground station are both equipped with similar circular interfaces with 9 contact instances as shown in
Fig. 3 with the wiring schematic in Fig. 2. Spring-loaded Pogo pins are used on the ground station as
an interface to account for any possible discontinuity between the interfaces. The number of contact
instances can be increased depending on the number of cells in the battery onboard the UAV. This work
utilizes a 4-cell battery and hence, 9 instances are used: 2 pins for power transfer from the ground, 2 pins
for UART communication and 5 pins for recharging.

When the UAV lands on the recharging station, a two-way serial communication link is established
between the UAV and the ground station via UART to control the recharging process. After a successful
docking, the MCU from the UAV communicates with the Arduino on the ground to activate the relays in a
sequential manner. First, the ground power is connected to the PDB, which transitions the UAV avionics
from battery power to ground power - which isolates the battery. Then, the relays associated with balance
charging are activated, thus initiating the recharging process for an isolated battery. A dedicated 50 W
LiPo balance charger - BGUAD E4 is used to recharge the battery. A parallel connection from the balance
leads is pulled to monitor the individual voltages. A voltage divider between the Arduino and the balance
leads is used to reduce the magnitude of the voltage safe enough to be read by the Arduino. Conversely,
to initiate a remote takeoff, the UAV’s onboard computer commands the Arduino to deactivate the relays,
switching the system back to battery power for continuous flight operations.

3.3 Recharge Station Design

The recharging station is developed with a catch bin, using a V-shaped cross-section that functions
as a passive alignment mechanism with compatible landing gear. This unique shape will gently slide
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Fig.4 Recharge station design and layout.

the UAV down the inclined surface under its own weight to the minimum point as illustrated in Fig.
4. By revolving the cross-section around the central axis, the catch bin can easily align with the UAV
independent of its orientation. This is beneficial as it removes the need for precise orientation for contact-
based charging. Fig. 5 shows the type-designed landing gear of the UAV, which matches the contours of
the minimum point of the revolved cross-section and ensures proper alignment. A high-contrast red ring
is embedded in the bottom of the catch bin. The colour red was chosen as it is easier to visually detect
in different lighting conditions. We prototyped the station with a 3D printer using PLA as our choice
of material since it generally has a low coefficient of friction [37]. Our design of the station included a
catch bin with a slope of 20 °, capable of accommodating a landing error of +10 cm from the center line.
The V-shaped catch bin cross-section of the landing station is shown below.

[ 1

Fig.5 Layout and cross-section of station design.

4 Comparison of Standalone and PDB Recharging
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Fig. 6 A) Setup configuration for simple UAV battery recharging. B) Configuration for UAV battery
recharging with UAV avionics active via PDB.
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To validate the performance of the PDB, we conducted two sets of controlled experiments using a
4-cell LiPo battery with a capacity of 3700 mAh. Two tests were performed by standalone charging of
the battery connected directly to the charger and compared with recharging via the the PDB with battery
isolation at a) 3A and b) SA with full UAV avionics active. The setup of this test is shown in Fig. 6. Prior
to both tests, the LiPo battery was discharged at a constant rate of 1C until all individual cells reached
a nominal voltage of 3.9 V. Since the balance charger used in this work does not output the charging
curve of individual cells, we used an Arduino Micro-controller with a voltage divider circuit to sample
and log the voltage of each individual cell every 0.5 seconds. We first gather a reference charging curve
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Fig.7 Individual cell voltages during recharging - standalone vs PDB with battery isolation at 3A.

for both the tests, 3A and 5A, by directly charging the battery with the balance interface connected to the
recharger, the voltage of individual cells in Fig. 7 and 9 obtained from standalone recharging is shown
by the dashed lines.

Then we again discharged the same battery to a nominal cell voltage of 3.9 V and configured the
components as illustrated in Fig. 6 B). The XT60 connector of the battery was connected to the PDB
onboard the UAV, which powered the avionics of the UAV. The flight computer was used to sense the
output voltage from the PDB and log it at a frequency of 1 Hz. We note that from the input-to-output
voltage across the PDB, there is a drop of 1.4 V due to the high forward voltage introduced by the selected
components for the PowerPath controller. The graph in Fig. 8 demonstrates the switching of the input
voltage to the avionics once interfaced with the station.

Station Voltage Power Switch

———Power Switch

Battery Voltage (V)

Battery Voltage

" L " L " L L i
o 05 1 15 2 25 3 35 4 45 i 74 75 76 77 78 79

Time (min)

Fig. 8 Voltage output from the PDB circuit as measured directly by the flight computer.

At the beginning, the battery is the primary source for the avionics as seen by the 13.4 V. Once
interfaced with the ground connector, the PowerPath controller in the PDB detects a higher input voltage
to switch the voltage of the avionics to the station source of 18.2 V. The voltage change at the PDB’s
output indicates that the onboard electrical loads is seamlessly transitioned from battery power to the
external supply. After isolating the battery, we activated the balanced charger via relays, and obtain the
charging curves as shown in Fig. 9. By direct comparison to our reference charging curve, we notice
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that the recharging is comparable from a nominal cell voltage of 3.7 V up to 4.2 V for both scenarios.
The total duration for the recharging process is 76.5 minutes with the PDB, a 30 second difference to our
reference test. This demonstrates that the PDB effectively isolates the battery and directs all charging
current to it, while the UAV avionics is powered by a secondary path and does not interfere.
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Fig. 9 Individual cell voltages during recharging - standlone vs PDB with battery isolation at SA.

S Autonomous Landing and Recharging Experiment

We validate our landing and recharge system with real-world indoor flight experiments in our flight
laboratory. Our flight environment is 5 m X 5 m X 3 m and equipped with the OptiTrack system,
which provides localization information with an error 0.2 mm. This is used to describe the rigid-body
transformation Tgv from the UAV body frame Fg, centred at the vehicle’s IMU, to the world frame. We
developed all algorithms in C + + and used the robotic operating system (ROS) for our implementation.
Our flight tests are automated by a navigation script that will take off from the landing station, hover,
and autonomously land on the station for recharging and subsequent takeoff. We detail the detection,
localization and landing control in the subsequent sections.

5.1 Station Detection and Localization

The UAV detects the station by using a simple vision-based algorithm to recognize the red ring of the
station using the OpenCV library [38]. The RGB image is converted into the hue-saturation-value (HSV)
colour space, and pixels within the red hue range are isolated while applying lower bounds on saturation
and value to reduce noise from low-intensity regions. The goal of the HSV model is to select the set of red
pixels, then apply adaptive thresholding on their value component to enhance contour detection against
varying illumination conditions. We utilize a hierarchy representation of the contours to find a pair that
represents a ring feature. Each ring set is represented as a parent-child relationship, with the parent being
the outer edge and the child being the inner edge. This effectively reduces the number of detected edges
that can corresponding to the station. Each contour is then filtered based on its circularity, where a value
of 1 represents a perfect circle, and as the value approaches 0, it represents irregular shapes:

4 A
circularity = ik (D)

P2
where A is the area of the contour and P is the perimeter. If both outer and inner edges of the ring satisfy a
circularity value of 0.9, the ring is detected and fitted with a bounding box. With the assumption that the
camera is parallel to the station, the corner points of the box are used with the efficient Perspective-n-Point
(EPNP) to estimate the translation vector € = [, ty, t;], where the superscript C indicates the onboard
UAV camera frame F¢. Since our station does not resolve its orientation, the rotation vectors remain
ambiguous and unused in this work.
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Fig. 10 A flow chart of the Station Detection Pipeline.

We leverage the transformation T = T}'TZ, describing the rigid-body transformation from the
onboard camera frame to the world frame %y,. Where Tg is determined by using Kalibr, a camera-IMU
calibration toolbox [39]. The transformation Tg’ is composed of a rotation matrix Rg/ € SO(3) and a
translation vector tg/ € R3, representing its position. This easily allows us to transform the stations point

t€ into the corresponding location in the world frame 1" = [/, 1, 12].

1 1
’ w w
gl [ REY TY| |y )
][00 1| |z,
1 1

The benefit of this approach is that regardless of how the UAV maneuvers, based on its observation of
the station, its location in the world frame remains fixed.

5.2 Landing Control

Our subsystem for landing control leverages the stable world location of the station to ensure accurate
positioning during the alignment and descent phase of the UAV. In case there are periodic failures in the
detection, the control loop will utilize the last known world location, providing a steadier descent. The

desired t'y t'y
Y i Yz 4 VxoV
TV L Landing p Y
B parameters response
v . UAV >
A PID >

Station detector

Fig. 11 Structure of the landing controller.

control loop employs a proportional controller to minimize the positional error and ensure the vehicle
aligns with the target point 7, and 7y, as shown in Fig. 11. The internal control architecture of the PX4
is used to generate velocity commands that guide the UAV towards the landing site. When the x-y error
between the UAV and station is less than +5 c¢m, the UAV will descend with a velocity of 0.2% until
touchdown.

5.3 Result and Discussion

In the conducted flight experiment shown in Fig. 12, the UAV initially rests on the ground station,
drawing power from the ground supply through the station-UAV interface. With a remote command
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Fig. 12 Flight test demonstration with take-off, landing, battery isolation and recharging. a) UAV is on
the ground station with avionics powered on by the 18V power supply. b) UAV in flight, avionics powered
by the onboard LiPo battery.

to activate the takeoff, the onboard PDB transitions from ground power to the UAV’s internal battery.
Following a short-duration flight, the UAV returns to the docking station and autonomously lands based
on the details in section 5.2. Post-landing, the UAV continues to operate on battery power until the
docking procedure described in section 3.2 is fully completed. In this test, the battery was charged for a
short duration (4 minutes) and the rise in the battery voltage is illustrated in Fig. 12. A remote command
then re-initiates takeoff, which transitions the avionics back to the UAV’s internal battery for the next
flight cycle. This experiment validates the system’s capability for applications that require continuous
UAV operation across a repeated cycle of takeoff, flight, landing and recharging without operational
interruptions or the need for human intervention.

While the proposed contact-based, battery-isolating recharging system demonstrated reliable opera-
tion in controlled indoor environments, several limitations remain. The conductive interface’s reliance on
spring-loaded pogo pins and exposed pads makes it sensitive to dust, debris, oxidation, and mechanical
wear, which can increase contact resistance and intermittently disrupt charging or communication, neces-
sitating periodic maintenance or replacement. The V-shaped passive catch bin also imposes minimum
mass and geometry constraints, as lighter airframes or unconventional landing-gear designs may not
generate sufficient normal force for firm electrical engagement, potentially reducing docking reliability
without added compliance or active latching. Furthermore, the system’s vision-based detection of the red
landing ring is affected by lighting variations such as glare, shadows, or saturation, which can compromise
perception robustness and landing precision despite short-term compensation through last-known pose
estimates. Finally, scaling the PDB to support higher charge currents introduces thermal management
challenges in the PCB, connectors, and charger circuitry, requiring enhanced cooling or heavier materials
that could increase system size, weight, and cost.

Despite these limitations, the proposed system’s architecture which features omnidirectional docking,
battery isolation, and balance charging with cell-level monitoring enables several high-impact applica-
tions. In persistent indoor inspection and inventory tasks within warehouses, manufacturing floors, or
research facilities, the system allows scheduled autonomous flights for sensing, or equipment checks.
For security and safety patrols in environments such as data centers and transit hubs, the reliable power
handover during docking ensures uninterrupted avionics operation for health diagnostics, log uploads,
and software updates. The platform also serves as a valuable autonomous testbed for long-duration
experiments in educational or research settings, supporting repeatable landings, consistent charge states,
and minimal human supervision. Furthermore, in multi-robot operations, the station can function as a
shared service node for staggered docking, data exchange and coordinated redeployment.
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6 Conclusion

This paper presented the design and experimental validation of an autonomous landing and recharging
system capable of electrically isolating the UAV battery during docking and recharging while maintaining
continuous power to the avionics. The proposed architecture ensures that the full charging current is
directed exclusively to the battery. A custom PDB with integrated PowerPath controllers was developed
to seamlessly transfer the avionic load from the onboard battery to an auxiliary ground supply without
interruption once docking occurs. The system incorporates an omnidirectional station with a contact-
based electrical interface, providing reliable power transfer and real-time monitoring of the charging
process. Experimental results verified smooth power switching, uninterrupted avionics operation during
transition, and consistent battery recharging performance, confirming the effectiveness of the proposed
isolation and power management technique. Collectively, these outcomes demonstrate a robust and
efficient foundation for autonomous UAV recharging in indoor operational environments.

Declaration of Use of Artificial Intelligence

Artificial intelligence (Al) tools were used solely for proofreading and language refinement purposes.
Specifically - Grammarly, ChatGPT and Microsoft Editor were used to check grammar, sentence structure
and vocabulary consistency.
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