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Abstract—A large percentage of current overhead power
transmission infrastructure is becoming aged, raising the demand
for frequent grid inspections in an efficient, and cost-effect
manner in order to keep it functional. Autonomous drones are
a promising solution for infrastructure inspection, but require
further investigation and development to be a viable alternative.
This paper proposes a drone framework based on open-source
platforms for autonomous inspection of electrical grid infrastruc-
ture and for cable grasping. The framework incorporates a cloud
service functionality to provide geo-location data of nearby power
pylons; a localisation system for navigation near power pylons
and grasping cables; and algorithms for finding and planning
paths for navigation and grasping over cables. The proposed
framework has been tested and validated in simulation, with the
development of a UAV platform for future integration.

Index Terms—Cloud services, Detection algorithms, Au-
tonomous missions, Drones, Inspection, Framework, ROS.

I. INTRODUCTION

Electricity is an essential resource in modern-day society,
and many companies are responsible for overseeing the trans-
mission grid around the world. The importance of inspecting
and maintaining Power Transmission Assets (PTAs) is two-
fold: firstly, to minimise the risk of power outages, while addi-
tionally maximising the life of the cables before replacements
are required. Inspections of PTAs are carried out in multiple
ways - the most common the use of helicopters operating
close to the PTAs, where a photographer takes photos of both
the pylons and power lines. Recently, multi-rotor Unmanned
Aerial Vehicles (UAVs) have also been used for inspection
since they can fly within closer proximity to PTAs compared to
the helicopters, capturing high-resolution photos of the power
transmission lines (PTLs) and pylons. Using drones can be
a faster, more accurate, and cost-effective alternative, with
recent market studies estimating the drone-inspection solutions
to exceed $9 billion by 2020 [1].

While market estimations look promising, there are a num-
ber of hurdles that must be overcome before autonomous UAV
inspections can achieve maximum efficiency. One example
includes the regulations on Beyond Visual Line Of Sight
(BVLOS) operations, as enacted by the European Aviation
Safety Agency [2]. To successfully operate BVLOS, a drone
system must be able to navigate safely during an inspection,
obtaining real-time information regarding the operating envi-
ronment and adjust accordingly. Moreover, the limitation in

Fig. 1. Conceptual overview of the proposed framework

battery technologies mean the drone must be able to recharge
its batteries during operation to be capable of longer distance
inspections.

This work proposes a drone framework based on open-
source platforms to enable drone autonomy for power line
inspections. The proposed framework aims at providing pre-
processed data to the drone via the cloud, defining a flying
path among power pylons. By using on-board sensors and
computational power, the framework will locate cables and
define a path to grasp the cable for the purposes of inspection
and recharging. Figure 1 shows an overview of the framework
(numbers are used to show the used technologies): 1) cloud
services to provide the drone with the geo-location data of
nearby power pylons, which is used for navigation ); 2)
sensory data is obtained and processed to precisely detect the
power line cables; and 3) path planning to achieve grasping
of a cable. The contributions of this work are:

• A drone framework for autonomous power line inspec-
tion, covering cloud services, UAV framework and drone
platform.

• A vision and a remote sensing matching algorithm for
cable detection.

• A state estimation algorithm to determine the drones
position relative to the power line.



The rest of the paper is structured as follows: Section II
examines the services currently available for power line in-
spections, in addition to the latest research developments. The
design of a UAV Platform will be detailed in section III, along
with a simulation environment for testing. The implementation
of a Pylon Locator cloud service, cable Landing Algorithm and
Power Line localisation algorithm are outlined in section IV.
Finally, Section V shows the performance validation of the
developed UAV framework.

II. RELATED WORK

This section details the state of art for existing power
inspection services, current UAV platforms for inspection,
inspection assistance technologies and power line detection
techniques.

Numerous cloud services exist to assist with power line
inspections through analysing many inspection photos and
flight data [3, 4]. A user uploads inspection data, where
a web-based platform can analyze the photos, highlighting
a fault severity and location along the power transmission
corridor. This information can also be compiled into reports
for a more accessible overview. Some companies do extend
on image analysis services by offering fully autonomous UAV
systems, connected to the cloud to receive missions and for
control purposes. If individuals wish to pursue this route, they
can purchase custom fixed-wing aircraft for an “out of the
box” solution for inspection [5]. Alternatively, the user could
already own a fleet of UAVs and add additional hardware that
would provide cloud connectivity [6].

There are some drawbacks to using the inspection services
offered by the current providers. For example, the web-based
analysis services require the user to operate a UAV and
perform the real-world inspection phase; if the pilot does
not perform a PTA inspection sufficiently well (e.g. limited
coverage or lack of photos) the analyses provided by the web-
system would be limited. In the case of the “command and
control” inspection services, the pre-configured solutions pro-
vided by [5] are only available in a fixed-wing configuration.
The constant motion of the UAV to stay airborne could be
problematic for pinpoint inspections, where the aircraft may
have to take multiple attempts to gather enough information.
With regards to [6], the inspection procedures offered tender
towards large, free-standing static structures such as wind
turbines and cellphone towers; continuous structures such
as power lines are not supported. Additionally, the service
requires the user or company to own an existing fleet of UAVs,
for which their system mounts to directly.

During inspection and landing, a vision-based system will
need to be used to determine the position of the power
line relative to the drone. The task of detecting power lines
and pylons has been a topic of interest within the research
community, with a variety of methods being proposed [7]. A
common method is to use the Hough Transform to detect edges
within an image and use a clustering algorithm to identify
lines ([8, 9, 10]). Additionally, a state estimation filter can be
used to reduce disturbances from camera shake [8, 11] or to

estimate the movement of an edge based on IMU information
[9]. However, a downside to the Hough Transform is through
the high demand of computation resources to analyse an entire
picture; in the case of companion computers, this could take
a long time.

In this work, we propose an autonomous framework for a
multi-rotor drone platform to conduct autonomous inspection
missions. The following section explains the technologies
used, including developed algorithms.

III. SYSTEM ARCHITECTURE

This section presents the overall system architecture of the
proposed framework that was briefly outlined in figure 1.

A. Hardware Platform

A UAV platform was designed and built to test the software
framework using Hardware-In-The-Loop (HITL simulation),
as well as future testing and verification in a real-life scenario,
as shown in figure 2. A carbon-fibre based quadcopter frame
was used with the DJI E310 propulsion system and four-cell
Lithium-Polymer battery, providing enough thrust for a one-
kilogram payload excluding sensors. A Pixhawk 2.1 Cube
flight controller with the PX4 autopilot firmware [12] was
mounted to the frame, with a Raspberry Pi 3B+ acting as
the companion computer. The connection between companion
computer and flight controller was done via UART using
the MAVROS package [13] within ROS, which parses the
MAVLink protocol [14] messages and converts them into
numerous ROS topics for control and feedback telemetry.
An eight-segment solid-state LiDAR from LeddarTech [15]
was used to detect the distance between the UAV and power
line, offering a reduction in weight and power consumption
compared to a traditional rotating LiDARs. A development
gripper [16] was also mounted to the top of the frame, and
configured to receive commands from the flight controller via
MAVLink.

Fig. 2. UAV Platform with prototype gripper mounted



A simulation environment has been set up to verify the
correct operation of the system before testing on a real-life
UAV platform. A workspace was set up within the Gazebo
simulator, consisting of an Iris UAV and PTL model. A virtual
camera and LiDAR were attached to the UAV and positioned
to reflect the physical platform, including the sensor properties.
The location of the UAV and PTL were configured to reflect
a real-life location, which would enable the testing of the
OpenStreetMaps parser.

B. Software Architecture

During operation, the UAV will go through a number of
different states in the process of power line inspection. This
includes navigating close to the nearest pylon, performing a
power line inspection, and finally attempting to land on the
line to recharge. During each of these stages, the onboard
companion computer will rely on different sensor inputs to
control the UAV. Robot Operating System (ROS) [17] was
employed to interface all the components of the UAV and
compile the data in a single location, making it easily be
accessible by the various nodes within the system.

Fig. 3. Overview of the developed drone framework.

Figure 3 shows the topology of the drone control framework
where the nodes can be separated into two types: core nodes
and pilot nodes. A set of “core nodes” (blue) are employed to
handle communications between the flight controller and the
“Pilot Nodes” (red) are responsible for controlling the UAV
through a specific task.

There are two control nodes within the system: a Control
Master Node (CMN) and the Message Handler Node (MHN).
The CMN is responsible for keeping track of the state of
the system and broadcasting this to the Message handler and
other nodes; the purpose of which is to ensure that all the
prerequisites have been met prior to performing an operation.
For example, the CMN ensures that the UAV is airborne and

is within proximity of a pylon before an inspection can be
performed. During the initial stages of development, the CMN
is also capable of listening for keypress instructions from the
user to activate the desired mode for testing.

The MHN is the gateway between the pilots and MAVROS,
the package responsible for parsing information between the
flight controller and ROS. The primary purpose of the MHN
is to limit the setpoint message stream to the flight controller,
ensuring that multiple pilots do not try to commandeer the
UAV, resulting in a crash. On receiving a message, the
MHN converts the message into a format compatible with the
MAVROS package, only sending the message to the flight
controller when instructed by the CMN. The pilot nodes
are responsible for overseeing specific task, such as takeoff,
mission navigation, inspection or landing. To operate, the
pilots may depend on information from MAVROS topics,
cloud services or sensor topics (yellow).

A simulation environment was developed in Gazebo sim-
ulator. It consists of an Iris UAV and PTL model. A virtual
camera and LiDAR were attached to the UAV and positioned
to reflect the physical platform, including the sensor properties.
The location of the UAV and PTL were configured to reflect
a real-life location, which would enable the testing of the
OpenStreetMaps parser.

IV. CLOUD INTEGRATION AND POWER LINE
LOCALISATION

This section presents the developed cloud service for pylon
localisation and algorithms for cable detection and alignment.

A. Cloud Services: Pylon Locator

Cloud Services can be used to extend the autonomy of
the UAV by providing reports of current weather conditions,
mission plans, and diagnostic information. However, the first
mission of the drone in power line inspection operation is to
locate the nearest power pylons using the publicly available
geodata and generate a waypoint list for navigation. In this
paper, the OpenStreetMaps (OSM) [18] API was utilised
to obtain the locations of power pylons before executing a
mission. The GPS position of the UAV, along with a bounding
box around its position, was sent to the OSM servers via a
REST request; the response from the server provides an XML
file, where the contents are split into nodes, ways and features
describing the mapping data within the bounding box. Listing
1 shows an example of OpenStreetMaps node.

Listing 1. An example of an OpenStreetMaps node with pylon data
<node id="831315489" visible="true"

lat="55.3774139" lon="10.5134344">
<tag k="design" v="y-frame"/>
<tag k="power" v="tower"/>

</node>

The response from the server contains more information
than is required to locate pylons within the environment.
The ElementTree package within Python [19] can filter for



entries based on the tags “power” and “tower”, resulting in
the latitude and longitude of the discovered structures. The
pylon coordinates were compared to the UAVs position to find
the closest structure. The orientation of the PTL corridor had
to be determined to ensure the UAV did not collide with the
structures during navigation. This was achieved by observing
the position of three neighbouring pylons to determine the
direction of the power line corridor. A safety radius of 25
metres was applied to the position of the desired pylon,
where the drone could navigate with reduced effects of EMI,
using the calculated heading to ensure the drone is positioned
perpendicularly to the pylon.

To navigate the drones from a ground location to the mission
start point, a waypoint list is generated to minimise the risk
of collisions. The drone takes off and ascends to the same
altitude as the waypoint before undertaking the navigation.

B. Power Line Landing
The power line landing pilot is responsible for moving the

drone to align with a power cable, with the intent of grasping
for recharging when the drones battery is depleted.

Fig. 4. Landing operation stages

The landing operation is carried out in three steps, as seen
in figure 4. Firstly, the drone advances towards the power line
in small incremental steps until the cable is detected within the
cameras field of view. Once present, the second ”alignment”
phase uses information from the localisation algorithms to
align the yaw and lateral position of the drone to be centred
beneath the cable. Finally, the ”ascent” stage increases the al-
titude of the drone while maintaining alignment, commanding
gripping mechanism grasp the cable when within proximity.

The power line landing pilot uses closed-loop controllers
during the second and third stages of the operation to maintain
alignment with the power cable; The yaw feedback is governed
by a P controller, while the roll (lateral) position of the drone
is regulated by a PI controller. Furthermore, the ascent phase
uses two sets of PI gains depending on the estimated distance
relative to the power line. At closer proximities, smaller gains
are used on the lateral axes to avoid the risk of overshoot,
causing the camera and LiDAR to lose contact with the cable.

C. Power Line Localisation: Cable Detection

The second mission of the drone in power line inspection
operation is to identify the cables and perform an autonomous
recharge landing on it. In order to do that, the drone needs to
filter the data coming from the camera and LiDAR to precisely
locate the cables. Therefore, the works of [20] were used as a
basis for image processing in this paper; however, no source
code was available for the works, and therefore the authors
implemented the algorithm from scratch. During development,
the authors made a few adjustments based on experience:

• Replacement of EDLines: the proposed EDLines [21]
edge detector within PLineD did not perform as fast as
the OpenCV Canny Edge detector during tests. A cause
was most likely due to inefficient code implementation of
EDLines compared to the heavily optimised Canny Edge
detector.

• Parallel Step removal: In [20], photos that taken from
a short distance from the PTL are applied with the
algorithm, where the presented PTL did not present any
curvature or crossing points. When the algorithm was
subjected to PTLs containing crossing point, PTLs were
filtered out. Therefore, the decision was made to disable
this step and viewing PTLs from a close proximity.

Fig. 5. Flow diagram showing the process of the obtaining matched PTL

Figure 5 shows the steps taken after PLineD to obtain a
PTL matcher. Three additional steps are implemented which
provide the system with continuous PTLs:

1) Proximity Filter: Responsible for finding and combin-
ing edges from the same PTL. The combination process
involves generating bounding boxes of minimum area through
analysing the start, end and midpoint pixels of a line; The
bounding box is defined by the size, orientation, and centre
point. By extrapolating the bounding box information, the
filter is capable of finding where bounding boxes overlap and
comparing the orientations. If two overlapping boxes have
the same orientation, the system assumes the two lines are
connected.

2) Vanishing Point Filter: The vanishing point filter has
been implemented to replace the disabled parallel lines step
from PLineD. By locating points where lines intersect, the
system uses a fundamental clustering approach to obtain the
centre of the intersection. A thresholding value is used to
create a circular boundary around the centre point, where it is
assumed that a vanishing point may be present. Any line that
does not intersect within this boundary area is removed.

3) Line Matching: The geometry of a PTL can be con-
sidered a parabola between two power pylons due to sag.
However, at close distances, the curvature of the PTL is less



prominent and could be considered straight. For this reason,
lines are modelled using a 3D line equation.

D. Power Line Localisation: Sensor Fusion

The purpose of the PTL localisation is to provide the 3D
pose of the PTL relative to the UAV position. By using the
algorithm outlined in IV-C, the system generates a set of 2-
dimensional lines which are combined with multiple sensor
inputs to determine the 3-dimensional pose (Xk) of a detected
PTL.

An Extended Kalman filter (EKF) is implemented to provide
an estimation of the PTL pose, as the UAV motion will
influence the input image data during flight. The camera
is oriented to point upwards and aid with landing, where
a transformation matrix was implemented to represent the
motions of the UAV within the image plane and state space,
as shown in equation 1

F (u) Xk−1

X̂k =



rot11 rot12 rot13 movex 0 0 0
rot21 rot22 rot23 movey 0 0 0
rot31 rot32 rot33 movez 0 0 0
0 0 0 1 0 0 0
0 0 0 0 rot11 rot12 rot13
0 0 0 0 rot21 rot22 rot23
0 0 0 0 rot31 rot32 rot33


·



x0

y0
z0
1
dx
dy
dz


(1)

For the integration of image data into the EKF, the 3D for-
mat of the lines must first be converted into a two-dimensional
format using the pinhole camera model. However, this can be
applied to positional properties of the pose, but a derivation
must be defined for the orientation before the pinhole model
and be used. In equation 2, a secondary connected point
(x1, y1) can be used to determine the gradient of the line,
where d represents the focal length of the camera.

x1(2D) =
(x0(3D) + dx(3D)) · d

z0 + dz

y1(2D) =
(y0(3D) + dy(3D)) · d

z0 + dz

dx2D =
d · (dx(3D) · z0 − x0(3D) · dz)

z0 · (z0 + dz)

dy2D =
d · (dy(3D) · z0(3D) − y0(3D) · dz)

z0 · (z0 + dz)

(2)

Finally, equation 2 is combined with the pinhole camera
model to provide the necessary conversions for the Jacobian.
The pixel distance is denoted as Xs and Ys,

x0(2D) =
x0(3D) · d

z0
·Xs

y0(2D) =
y0(3D) · d

z0
· Ys

dx2D =
d · (dx(3D) · z0(3D) − x0(3D) · dz(3D))

z0(3D) · (z0(3D) + dz(3D))
·Xs

dy2D =
d · (dy(3D) · z0(3D) − y0(3D) · dz(3D))

z0(3D) · (z0(3D) + dz(3D))
· YS

(3)

A Jacobian matrix is formulated by combining equation 1
with equation 3. The resultant matrix can be seen in equation
4. The full expansion and solving of the above equations can
be found in Chapter 6.1 of the accompanying Master Thesis
[22]

1) LiDAR Data integration: The LiDAR data has to be
converted into the same state-space as the image data before it
can be utilised by the EKF. Due to the 8-segment measurement
output of the VU8, the detected distance within a segment can
be derived into horizontal and vertical components. Firstly, the
Roll can be calculated using equation 5, where Ahorizontal is
the angle covered by one segment of the LiDAR, segi is the
segment where the distance is detected, and segmax is the total
number of segments.

Roll = Ahorizontal · segi −Ahorizontal ·
segmax

2
+

Ahorizontal

2
(5)

A transformation is applied to the LiDAR data to convert
it into the image space (LiDARTpointi) using equation 6,
where disti is the measurement within a segment, and Pcam

is the point as seen within the camera frame

Pcam = camTLiDAR · LiDARTpointi ·

 0
0

disti

 (6)

V. EXPERIMENTAL RESULTS

The drone framework and PTL localisation were tested
separately before being combined into a complete system. This
section documents some of the results of those tests.

A. Drone Framework

A test was made to verify the operation of the pylon
locator within the simulated environment. Figure 6(L) shows
the location of the launch position (red star) near a power line
corridor, the pylon position (blue pin) and expected system-
calculated waypoint, with a safety offset of 25 metres from the
pylon. From figure 6(R), it can be seen that the UAV moves
along a trajectory towards the expected waypoint.

B. Power Line Localisation

The PTL localisation was tested by manually piloting the
UAV within the simulated environment, recording the UAV
position relative to a fixed PTL along with the PTL localisation
estimate. The testing was undertaken in three sections, the
first involving the initial detection of a PTL. Figure 7(L)
shows the UAV advancing at a consistent rate until the PTL is
detected, the UAV then oscillates over a one-metre distance.
During motion, the estimated position increases from an initial
estimate of 500 centimetres to an estimated relative distance
of 250 centimetres. The oscillated motion of the UAV reduces
the estimate further to within 75 centimetres from the actual
position of the PTL. During this test, the LiDAR was out of
range of the PTL and the PTL localisation relies exclusively
on image and motion data.



H =


Xs∗d
z0

0 −Xs∗d∗x0

z2
0

0 0 0 0

0 Y s∗d
z0

−Y s∗d∗y0

z2
0

0 0 0 0

−Xs∗d∗dz
z0∗(dz+z0)

0
Xs∗d∗(x0∗dz2+2∗x0∗dz∗z0−dx∗z2

0)

z2
0∗(dz+z0)2

0 Xs∗d
dz+z0

0 −Xs∗d∗(dx+x0)
(dz+z0)2

0 −Y s∗d∗dz
z0∗(dz+z0)

Y s∗d∗(y0∗dz2+2∗y0∗dz∗z0−dy∗z2
0)

z2
0∗(dz+z0)2

0 0 Y s∗d
dz+z0

−Y s∗d∗(dy+y0)
(dz+z0)2

 (4)

Fig. 6. (L): The expected waypoint relative to the takeoff and power pylon
(R): trajectory of the UAV during navigation

The second test figure 7(M) continues from the same posi-
tion as the previous test. The UAV remains stationary for some
time, with focus on observing the PTL localisation response
due to a sudden change; the UAV increases in altitude and
flies towards the PTL. It is shown that the estimation points
have high precision, but at a position 50cm offset from the
actual PTL position. The estimation of the altitude difference
is approximately 60 centimetres and is likely caused by the
lack of LiDAR data. This can be seen when the UAV ascends
towards the PTL and the position estimation moves.

In final test (figure7(R)), the PTL localisation was tested
to observe the scenario when tracking is lost. The UAV was
situated within one-metre altitude of the PTL, where the
LiDAR was active; the UAV was manoeuvred to lose the
PTL tracking before returning to its original position. From
the estimation points, it can be seen that the PTL localisation
incrementally increases the z-distance to a maximum of 500
centimetres before tracking is re-established. This shows the
system cannot not respond fast enough to changes in loss of
tracking, even with the assistance of LiDAR data. Therefore,
decision was made to adjust the calculations to increase the
trust in the LiDAR data readings.

The PTL localisation system was integrated with into the
power line landing pilot (section IV-A) and commanded to
perform a power line landing, with the steps of advance, align
and ascent being presented in figure 8.

VI. CONCLUSIONS

In this paper, a drone framework for autonomous power line
inspection has been presented; a cloud service node based
on OpenStreetMaps data was developed and integrated into
the framework. Algorithms for pylon detection have been
developed to navigate the drone to a safe distance around
pylons within the power grid. An image processing and

matching algorithm have been developed to detect the PTL
cables using computer vision, with a state estimation algorithm
being developed to remote sensing and sensor fusion. The
drone framework, image processing and state estimation was
finally tested and validated within a simulation environment.

The future work from this paper will investigate imple-
menting the developed framework into the UAV platform and
operated within a power line test environment. The power line
localisation will be developed further to work within closer
proximity to the power line, including better handling when
the power line exits then reenters the cameras field of view.

The cloud functionality within drone framework will also
enhanced to include greater cloud service functionality such
as weather forecasting, or real-time telemetry feedback for
convenient monitoring. The drone framework will be further
developed to include system resource monitoring, and com-
prehensive path planning to land on the cable.
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