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Design, Integration and Implementation of an Intelligent and
Self-recharging Drone System for Autonomous Power line Inspection

Nicolai Iversen1, IEEE Member, Oscar Bowen Schofield1, Linda Cousin2, Naeem Ayoub3, Gerd vom Bögel2,
Emad Ebeid1, IEEE Senior Member

Abstract— Today, many inspection domains utilize the ben-
efits of drones to monitor and inspect infrastructure in an
efficient manner. The energy grid is challenged by frequent
and thorough inspection to stay operational. So far, drones have
already been introduced to solve this challenge. However, the
inspection drone still requires manual control and subsequent
human examination of the captured photos and videos. This
inspection process comes with a high inspection cost and is
susceptible to human errors in fault finding. The proposed
system builds on top of the authors’ previous research to
develop and verify an integrated drone system for autonomous
power line inspection, enabling functioning mechanics through
pneumatics, extension of operation time through energy har-
vesting, Artificial Intelligent (AI) fault detection, and system
autonomy using navigational algorithms. An advanced drone
system has been designed and manufactured for the mission,
with the results demonstrating the capability to perform an
autonomous inspection mission in conditions up to 30 kts wind
speeds, being additionally able to detect faults in real-time at a
high rate during drone motion. Furthermore, we demonstrate
the ability to recharge the drone battery within 2.4 hours.

I. INTRODUCTION

Autonomous power line inspection holds great poten-
tial for the distribution companies. Achieving such effec-
tive monitoring systems can be done through Unmanned
Aerial Systems (UAS) or so-called drones. Projects like
Drones4Energy [1], Aerial-Core [2], and LineDrone [3]
already achieved some successful UAS technology demon-
strations, but further research is still required to overcome
the many remaining challenges.

The task of inspecting power lines can be cost- and time-
intensive, requiring skilled helicopter pilots and operators
to work within high-risk environments, where mistakes can
have fatal consequences [4]. On the other hand, the lack
of sufficient inspections could lead a significantly greater
cost in downtime, with a worst-case scenario resulting in a
significant danger to public health [5].

Some of the drawbacks of using drones include limited
operation times and the requirement for human pilots. By
integrating key enabling technologies such as inductive har-
vesting (IH), autonomous drone navigation algorithms and
Artificially Intelligent (AI) fault detection systems, it is
possible to mitigate some of these drawbacks within a single
drone.
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Fig. 1. Left: The drone system after autonomously landing on a power
transmission line to recharge the battery. Right: DL algorithm object and
fault detection

The authors’ previous work [6], presents a novel system
that utilizes the inductive harvesting principle to power
sensor units that can be carried and deployed by a drone.
Some research activities also aim to charge drone batteries
[7][8][9], it was observed that none of the developed sys-
tems were light enough to be carried by a drone (without
demand for a much larger battery) and at the same time
able to recharge a drone battery in a reasonable amount of
time. To compare different harvesting devices, the power to
weight ratio was introduced in [10]. In the end, this should
be applied to the weight of the electronics and necessary
mechanism as well and not the only harvesting device.

Kitchen et. al. [8] proposed a proof of concept drone
system that can harvest from power lines and was validated
in a lab environment. By comparison, our work focuses
on mechanical, electrical, and computational optimizations
and encompassing in a system autonomy to achieve realistic
autonomous inspection operations.

The task of detecting power lines for alignment and
landing was previously introduced by Chang et. al [11],
where a swingable 2D rangefinder was used to land a drone
upon an overhead ground wire. Similarly, the LineDrone
technology developed by Hydro-Québec [12][13] uses a
combined sensor system consisting of a camera and Solid-
State LiDAR to detect and align with the cable to perch the
drone on the cable for line inspection. This approach can also
be seen within the AGRASP platform designed by Popek. et
al [14]

AI algorithm-based power line inspection by supervised,
semi-supervised, and un-supervised methods is one of the
main challenges to build autonomous drones. Deep Learn-
ing (DL) techniques for object detection are very popular
methods. The property of DL techniques of being able to
detect wide range components with low cost, encouraging



the power industry to replace the traditional methods with
drone-based alternatives. Previous work by the authors [15]
proposed a YOLOv3 based deep learning technique for
power line inspection and fault detection system in real-time.

Considering the authors’ previous work, the proposed
system presents an extension and integration of their previous
take on developing autonomous drone systems for power line
alignment and grasping, wireless battery charging, and real-
time fault detection. [16][6][17].

The main contributions of this paper are as follows:
• Efficient inductive harvesting system for drone recharg-

ing
• Machine learning algorithm running with real-time im-

age analysis and fault detection
• Autonomous power line detection, following, alignment

and grasping
• Fully integrated drone system with a pneumatic perch-

ing and split-core closing mechanism
These contributions will be outlined with the following

order: Sec. II explains the development of the drone sub-
systems, which leads to the full drone system integration
and platform design outlined in Sec. III. A validation of the
system based on various laboratory and outdoor experiments
can be seen in Sec. IV, before the conclusion in Sec. V
highlights the technologies developed and demonstrated in
this paper.

II. SYSTEM DEVELOPMENT

This section presents the key system component develop-
ments. The contribution of this sections will be highlighted
in efficient IH for recharging, autonomous mission control,
and machine learning using AI to achieve real-time image
analysis and fault detection.

A. Electrical: Energy harvesting

The inductive harvesting principle uses the alternating
magnetic field from the Power Transmission Line (PTL)
which effects a changing magnetic flux in an ‘iron’ core.
Applying Faraday’s law of induction, this changing flux
induces a voltage in an electrical conducting loop around
the core. When connecting a load to the winding, the energy
from the magnetic field is converted into usable electrical
voltage and current. An IH device is built-up like a current
transformer, with a core made of a magnetic material, which
is attached around the PTL. The conducting loop is called
‘secondary winding’, and is a copper wire wrapped around
the core. The operating conditions and basic requirements for
the inductive harvesting are given by the power transmission
line (PTL) parameters, like average current, diameter of the
conducting cable and net frequency. The charging parameters
are determined by the cell-chemistry. Within this work, a 6-
cell Lithium-Polymer (Li-Po) battery is used with a capacity
of 12000 mAh. Typical average PTL currents (for 38 mm
conductor cables) are assumed to be in the range of 400 A
to 600 A, with a maximum current up to 1400 A [10]. In the
scenario of a short circuit, PTL currents may even reach

40 kA within a period of 1 to 3 seconds. The standard
frequency for the European electricity grid is 50 Hz.

A split-core inductive harvesting device has been designed,
which fits around the PTL and has a total mass of approxi-
mately 1 kg, including the secondary coil. The geometry of
the core was determined by comparing the achievable energy
rate to the additional weight.

Furthermore, the resulting power output depends directly
on the inductance-factor of the core, and thus, an electrical
steel alloy with high saturation BSAT and low power loss
was chosen. The harvesting electronics have to meet the
challenging requirements from the high dynamic range of the
PTL currents and the harvesting device output. Otherwise,
overloads at the harvester might damage the electronics or
even the harvesting device itself. To achieve the highest pos-
sible power, impedance matching is essential. As presented
in Sec. IV-B.1, the desired average current ranges the output
power is approximately a linear function of the primary
current. Therefore, charge current regulation is used, which
reduces the current so that the input voltage is kept constant
if not enough energy is available. The electronics have been
optimized to operate in a current range of 300 A to 600 A
and an expected charge current limited to 4 A.

B. Software: Autonomous mission
The process of inspecting power transmission lines and

assets can be broken down into three categories; navigation
where the drone must fly to a pylon due for inspection,
observation in which the drone must utilize its mobility to
cover a large view of perspectives of the PTL elements and
finally, during analysis the drone sorts through the images to
obtain locations of faults.

Fig. 2. Steps within the inspection mission. Green represents the waypoint
pilot, Red is the cable inspection pilot, with blue denoting the cable landing
pilot

To encompass all three categories within a mission, Robot
Operating System (ROS), Melodic distribution, was imple-
mented as the foundation to interface between the On Board
Computer (OBC), sensors and flight controller. The control
topology proposed by the authors in [18] was used to separate
each step within the mission into an individual Operational
Node, with overall control being enacted by Mission Supervi-
sor. The stages within a mission can be seen in Fig. 2, where
navigation and observation pilots are denoted in green and
red respectively. To handle the control outputs from multiple
operational nodes, the dynamic pilot template and handler
system previously developed by the authors [17] was used
to ensure seamless handshaking between the message handler
and flight controller using MAVROS middleware package.

To aid with navigation, a Dual-LiDAR solid-state navi-
gation system implemented in the authors’ previous work



Fig. 3. Avg. training accuracy and loss of three different classes on 12000
iterations.

[16][6] was utilized to align the drone heading and position
with the power line cables. During the cable inspection
phase, the drone uses the navigation system to align with
the cable before traversing along it at a constant speed of
0.5 m/s.

C. Machine Learning using AI: Real-time fault detection

To build an autonomous fault detection system, different
environmental aspects related to hardware and software are
taken into account such as single board devices and real-
time processing. The authors [15] proposed a power line
inspection system, in which YOLOv3 architecture based
Deep Neural Network is used to perform autonomous fault
detection. The experimental evaluation is performed on a
GPU based single board device (Nvidia AGX Xavier), which
is integrated into drone for real-time image analysis. In this
study, an autonomous fault detection algorithm based on
YOLOv4 [19] Deep Learning (DL) model is used for object
detection. The proposed autonomous algorithm consists of
the following main steps:

• Training the AI algorithm based on the specific faults
and components

• Optimization of trained weights for real-time fault de-
tection on GPU-based single board device

• Real-time On-Board processing
1) Training the AI algorithm based on the specific faults

and components: For the purpose of training the algorithm
for fault detection, 555 images are selected for labelling and
trained on Nvidia Tesla v100. The dataset1 is split into 85%
of training and 15% of validation data set and trained over
12000 epochs on three different classes (Insulator, Pylon,
Custom Faults). A custom fault was purposefully created
within our experiments, where an insulator was covered with
a red strap and trained as a separate named ”Covered Insu-
lator”. The model shows 98.5% of Mean Average Precision
(mAP) with an average loss of 0.2705% as seen in Fig. 3.
From previous research undertaken by the authors, it was

1https://doi.org/10.5281/zenodo.4573988

found that running DL algorithms on single board devices
can be computationally expensive and could cause problems
in real-time applications [15]. To optimize the model, the
weights are converted to an ONNX based frozen model
[20]. The frozen graph ensures the easy hardware access
optimization before generating the optimized engine. In this
paper, the trained weights are optimized by using TensorRT
[21] DL library to run the algorithm in real-time and detect
the components approximately 5 to 7 FPS with the frame
scale 416 (width and height). Fig. 4 shows the training and
detection phase of AI algorithm.
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Fig. 4. Illustration of AI algorithm of training and detection phases

III. DRONE INTEGRATION

This section presents how the developed harvesting sys-
tem, AI and autonomous flight algorithms were physically
integrated in the drone system as seen in Fig. 5.

Fig. 5. The integrated drone system with major hardware annotations

The contribution of this section includes drone design
with optimized stiffness and strength for perching using
sandwiched structures, as well as a pneumatic system for
grasping the cable and closing the split-core energy harvester.

A. Mechanical design of air frame

The drone frame was designed based on previous research
results and experience, with a heavy hardware payload and
a fault tolerant objective. Thus, a pusher configuration ”hex-
acopter” was determined for this task. The main differences
from a conventional hexacopter design lies in the load paths
embedded for distributing forces and minimizing stress,
when the system will be perching from the power line while
recharging. The frame was manufactured as a sandwiched
carbon fiber body, enclosing the arm connections through



TABLE I
COMPONENT LIST

Type Description Mass [g]
Flight Controller CUAV X7 18
Power Distribution Board CUAV CAN PDB Board 227
Receiver FrSky X8R 15
Telemetry HolyBro 433 MHz 20
GPS CUAV NEO V2 CAN GNSS 15
OnBoard Computer Nvidia Jetson AGX Xavier 678
Motors T-Motor MN-501-S KV360 170
ESCs T-Motor ALPHA 40A 50
Propellers T-Motor MF1503 24
Battery Tattu 12000mAh 6S 1473
Segmented LiDAR Leddartech VU48 120
Segmented LiDAR Leddartech VU100 120
Inspection Camera Intel RealSense D435i 68
Pressure Tank 25g Cartridge 25
Pressure Regulator Aircom MAR-1MR 35
Solenoid Control Valve Festo VUVG LK10-M52 42
Rotational Gripper Festo HGR-16-A 130
Linear Pneumatic Actuator SMC CJPB6-5-B 15
Harvesting Electronics Fraunhofer Hv12/20 320
Harvesting Device MLX95xx incl. copper 1100

foldable joints. The carbon fiber top and bottom plates were
manufactured using a quasi isotropic layup corresponding
to the force vector introduced by each arm (effectively
from the propeller thrust). To increase stiffness and crushing
strength in the arm assembly, a roll-wrapped carbon fiber
tube was manufactured using a [0, 45, -45, 90, 0] pre-preg
layup. Compared to a usual off-the-shelf woven tube of
same dimensions, the theoretical bending stiffness EI was
increased from 2.1 ·108N/mm2 to 4.9 ·108N/mm2.

The perching scenario was analyzed in one direction as
a static body, with a requirement of withstanding equilib-
rium forces when subject to gravitational pull including
a safety margin. The straight-forward design would use a
bolt connection through the carbon fiber top plate, but this
results in high normal stress and bending stress in the top
plate, which is not desired in this fiber layup. The challenge
can be solved by introducing a load distributing medium
(core material) between the top and bottom plate to increase
bending stiffness of the plate, which was expressed in Eq. 1.

EI = Ec f · (
b ·h
12

) (1)

Where:
Ec f = Modulus o f composite in loading direction
b = Plate width, h = Total thickness The normal stress was
reduced by connecting the gripper through a load distributing
plate to increase the acting area of the force, where Hooke’s
Law is applicable and the stiffer carbon fiber plates will
act as the main load carrying member in the configuration.
As described in the authors previous work [22], the flexural
rigidity of the center area of the sandwiched composite can
now be rewritten and expressed in Eq. 2.

EI =
Ec f ·b · t3

6
+2 ·Ec f ·b · t ·

(
d + t

2

)2

+
Ec ·b ·d3

12
(2)

Where:
Ec = Modulus o f the core material
t = Skin thickness, d =Core thickness

With a separation distance (core thickness) just three times
the skin thickness, the configuration yields an increase of
flexural rigidity by a factor of 37 times. This increase is due
to utilization of both the top and bottom plate, but mainly
the contribution from addition of the parallel axis theorem.

Furthermore, the air frame was developed with foldable
arms for practical reasons, as well as smart connections
to easy replace components in the case of crashes failure,
such as arm assemblies or landing gear. The frame diameter
measures 930 mm.

B. Pneumatic Mechanisms

The electrical system requires a mechanical solution to
enable perching from the power line, while also opening
and closing the split-core energy harvester around the power
line. Previous research from the authors [10][16] discuss
different methods to achieve this, but with drawbacks such
as slow closing time, low durability or low holding force.
The drawbacks were all solved and verified in a pneumatic-
mechanical system in [6], which this section builds on
top of. Fig. 6 illustrates the schematic of the system with
annotations and physical components to meet the mechanical
requirements.

Fig. 6. Pneumatic schematic with annotations

Commercial off the shelf (COTS) (5/2) solenoid valves are
controlled by the On-Board Computer TTL Logic Levels to
enable opening and closing of the relevant pressure lines,
thus actuating the two mechanisms. The first mechanism is
a strong double-acting gripper positioned in the drone center
through the sandwiched section of the air frame as described
in Sec. III-A. The gripper fingers were designed to grasp a
power line with a diameter of 25 mm. With an objective of
an inter-locking finger design to relieve the gripper while
perching, the design objectives determined in [6] for the fin-
ger design was implemented. 3D printing was previously the
preferred manufacturing method, but the drawbacks include
long manufacturing time and low strength. For this work,
laser cut aluminum sheet metal fingers were manufactured
in seconds achieving higher strength and stiffness at the same
mass as previous 3D printed fingers by the authors. The
second mechanism is responsible for opening and closing
the energy harvester core and was achieved by designing a
3D printed housing for the core halves and embedding a
sliding rail to allow low friction linear translation with high
accuracy. Two low weight dual-way actuators (15 g) drive



this motion by connecting the actuation rod to an embedded
thread bushing in the 3D printed core housing.

C. Drone system integration

The pusher configuration and top mounted gripper systems
increased the distance between power line and propellers
to 150 mm for safety reasons. Furthermore, the air frame
connects the necessary hardware as seen in Table I for an in-
tegrated drone solution. The advanced flight train uses Field
Oriented Control (FOC) for efficient, accurate and steady
motor control, with a UAVCAN-Enabled Differential-GPS
system and CUAV X7 flight controller for triple redundancy
and a higher performance processor than previously used
in the authors drone systems. The system has an integrated
Power Distribution Board (PDB), which powers necessary
peripherals and the OBC to achieve the aforementioned
functionalities in a fully integrated solution with a total mass
of 9800 g.

IV. EXPERIMENTS AND TEST-CASE

This section presents the results from test-cases in both
laboratory environments as well as an actual outdoor power
line setup.

A. Mechanical system validation

Multiple tests were carried out to validate the mechanical
performance of the integrated system. Manual test flights
verified the drone’s ability to maintain stable during various
weather conditions of up to 30 kts crosswinds.

At H.C. Andersen Airport (EKOD) in Odense, Denmark
it was possible to install a setup consisting of two power
transmission towers of 10 m in height with three PTLs
suspended over a distance of 35 m. At this setup, the drone
was manually maneuvered to the cable and triggered the
pneumatic-mechanical gripper and energy harvesting mech-
anism, before disarming the drone to a full stop. The process
was then reversed to successfully leave the PTL, verifying
the systems capability of landing for energy harvesting in an
autonomous manner, which is introduced in the following
sections.

B. Energy harvesting validation

1) Laboratory testing: To generate primary currents in
the range of a PTL in the lab, a power load resistor has
been connected with 80 turns of copper winding in series
to a variable laboratory transformer (1 kW), see Fig. 7. For
tests with power resistors around 2 kW and 3 kW a standard

Fig. 7. Test setup for measurement achievable output power

230 V plug was used instead of the variable transformer. To
measure the primary current, a current transformer was also
attached to the copper turns.

First, the harvesting device has been tested exclusively
with a load resistor. At every operating point, the load resistor
has been adjusted for impedance matching. The RMS values
of the load voltage and currents have been multiplied to get
the output power. Fig. 8, show the results with just the load
as well as with the developed electronics.

Fig. 8. Output power with just a load resistor connected to the harvesting
device, compared to output power of harvesting electronics

Fig. 9. Resulting charge current

Testing at 823 A, the electronics successfully limit the
charging current to 4 A and handles the ’overload’ at the
input as seen in Fig. 9.

2) Outdoor power line testing: With the harvesting sys-
tem integrated on the drone, it was possible to test the system
at the outdoor setup introduced in Sec. IV-A, and land on
one of the PTLs to verify charging of the drone battery as
an integrated system. The PTL was energized and supplied
a primary current of 116 A for the test. In these conditions
the drone was able to recharge the battery with 0.38 A.

C. Autonomous Mission

1) Autonomous flight control: The autonomous navigation
and flight control system was validated at the physical test
setup at H.C. Andersen Airport. The drone was manually
taken off to verify that the drone operated correctly, before
releasing control to the on-board computer to carry out an



Fig. 10. A ”Top-down” view of the mission during optimal flight
conditions. The dashed line denotes the power line, with solid lines depicting
drone motion during each stage in the mission

inspection mission. The autonomous flight sequence outlined
in Sec.IV-C was deployed for inspection and recharging
through the following tasks: aligning the drone with the head-
ing of the power corridor, inspecting the cable between the
pylons by traversing up until fixed distance from the pylon.
Next, the drone moves away from the cable and navigates
to the approximate midpoint between the two pylons where
the cable is re-approached for grasping, before leaving the
cable after recharging to continue the inspection. This flight
sequence can also be seen in the paper attachment video. The
autonomous system was tested within a range of different
weather scenarios, ranging from optimal flight conditions
(sunny with 5−7 m/s winds) to extreme conditions, where
the drone was flown at operational limit (Overcast/brief rain
with 12−16 m/s wind speeds). The system was tested a total
of ten times across both scenarios, with additional testing of
inspection and cable landing stages being carried out four
times each.

Fig. 10 shows the drone’s motion during a complete
mission. It can be seen that the drone is successfully capable
of detecting and aligning with the cable and performing an
inspection up until a four-meter radius of the target pylon.
The navigation pilot commands the drone away from the
pylon before moving parallel along cable to the midpoint,
where the drone regains contact with the cable and attempts
a cable landing.

Fig. 11. Inspection performance during a Windy inspection. The Dashed
line denotes the cable, with solid line being drone motion.

In Fig. 11, the drone can be seen to successfully align
with the cable and perform an inspection by following the
curvature of the cable at a target separation around one
meter under high wind disturbance, where the drone deviated
from this target separation due to gusts but was able to
withstand and avoid collision with the cable. During the
return navigation phase, the drone first ascends to an altitude
of around 5 meters during traversal before lowering above
the target location. A landing was attempted in final stage of
the mission; however, the drone power capacity was too low
to overcome the weather conditions, resulting in the attempt
being abandoned.

To verify the performance of both the landing and in-
spection alignment phase, both pilots were operated four
times each separately under the windy and ideal weather
conditions. A comparison of the drone motion during both
calm and windy conditions can be seen in Fig. 12, where
the drone aligns close enough for the mechanical-pneumatic
gripper can grasp the cable. The benefit of using a 48◦

and 100◦ LiDAR for alignment can be seen during the
windy ascent, where the drone deviates over 50 centimetres
from the cable due to a wind gust. However, the VU100
is still able to detect the cable and counteracts the wind
to realign the drone. The landing process is intended to be
undertaken when the battery is becoming depleted and must
be recharged, therefore it is important that the alignment
process is undertaken in a timely fashion. The average time
perform the alignment was determined to be around 20.4
seconds for the ideal wind conditions. By comparison, the
windy scenario took an average of 35 seconds, but should
be noted that the dynamic weather conditions caused a wide
variance in times.

Fig. 12. Comparison of drone alignment during landing in windy and calm
conditions. Blue marker denotes the position of the cable.

2) AI: Real-time fault detection: During the autonomous
sequence outlined in Sec. IV-C, the fault detection algorithm
was enabled to perform image analysis in real-time. The
optimization explained in Sec. II-C.1 enabled the model to
exploit the GPU power of the OBC, resulting in a higher
FPS compared to using a non-optimized approach. From
the results shown in Fig. 13, the detection algorithm can
be seen to successfully detect power transmission assets and



Fig. 13. On-Board Fault detection results during real-time processing. The algorithm can detect and distinguish between the covered and non-covered
insulators.

faults within 92 to 360 milliseconds per frame. By decreasing
the image scale, the system is capable of detecting the
components with a faster response time as shown in Table II.
However, by decreasing the scale the system accuracy is also
decreased by up to 4%, therefore, the scale was determined
based on response time and accuracy. In our experiments, the
image scale of 416 was chosen for running the DL algorithm.

TABLE II
REAL-TIME RESULTS

Scale [px] Detection-time [ms] Latency [ms]
608 340 - 360 0.36
416 160 - 174 0.42
288 92 - 100 0.40

V. CONCLUSION

In this paper, an autonomous drone mission was suc-
cessfully demonstrated at a real-life, outdoor test environ-
ment, where we have shown the applicability of autonomous
PTL inspection, followed by an autonomous approach and
alignment for landing. The mechanical system was proved
to be capable of bringing the drone to a perching state
before enabling the system to close the split-core energy
harvester to recharge the battery. The system was tested in
different wind speeds and weather conditions, successfully
finishing the mission even when exposed to 30 kts gusts.
We have demonstrated energy harvesting results in the lab,
with matching functionality at the outdoor test facility. The
harvesting system will be able to recharge the drone battery
from 20% to 100% in 2.4 hours at the 4 A charging limit.

Furthermore, the integrated drone system was equipped
with a camera, connected to the OBC running a DL algorithm
for real-time object classification and fault detection. The
system is capable of detecting and distinguishing between
regular and faulty components within a fast response time
compared to the inspection speed, thus enabling the drone
to take action before losing track from the cameras field
of view. By combining AI with the multi-piloted inspection
framework, an integrated system has been created for au-
tonomous PTL inspection.

Future work will integrate decision making into the inspec-
tion process, based on faults detected by the DL algorithm.
For example, in the scenario when a fault is detected, the
system can assess the severity of the fault and choose to
obtain more pictures. Alternatively, if the fault is determined
to be critical, the drone can notify the power transmission
company immediately. Moreover, the DL algorithm will be
expanded to detect a wider range of power transmission com-
ponents and faults, thus providing more extensive of inspec-
tion missions. Finally, the framework will be developed and
integrated to operate within a drone swarm, utilizing drone-
to-drone and drone-to-ground communication and obstacle
avoidance technologies. Cloud services and extended cloud
functionality will be integrated to provide mission planning,
GPS-waypoint navigation and cohesive image analysis.
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