Safe and Efficient Inspection of Power Lines
using UAVs

Background

Given the development of renewable power generation plants, the need for a higher capacity
reliability of electrical energy distribution and transmission networks is continuously increa-
sing. As the construction of new power lines usually causes popular discontent and protests,
maintenance of the existing network is even more important [7]. In the past, power lines were
inspected by ground patrols and highly skilled personal climbing the wire racks. Later, ground
patrols would be augmented with visual inspections using helicopters. Considering the sheer
size of today’s power grids (more than 650.000 km of medium- and high-voltage lines in
Germany alone), this approach is not only risky for the crew but also very expensive and not
reliable [7, 9]. Recently, unmanned aerial vehicles (UAVs) such as autonomous drones have
attracted a lot of interest as a cost and time efficient solution that allows to inspect energized
power lines safely [3, 9].

Autonomous drone inspecting a power line
(Image from https://preformed.com/inspection-services).

Description

After detecting the power line based on measurements of the electric and magnetic field, the
drone has to track the power line. In this thesis, a model predictive controller (MPC) should
be designed for this task. MPC, which is a popular control approach for UAVs [6], has the
ability to explicitly consider constraints on the control inputs and states, such as avoiding
collisions with the poles.

The goal of this thesis is to apply the MPC approach in [8] to the power line inspection task.
All programming will be done in MATLAB. Depending on your progress, you will have the
possibility to evaluate your implementation on a real drone!

This thesis is carried out in collaboration with E.ON Future Lab and provides you with the
opportunity to get to know an advanced control algorithm that provides safety guaratees.

Tasks

e Familiarization with MPC and the approaches in [1, 8].
e Familiarization with autonomous power line detection [5, 2, 4].
e |dentificaton of a suitable model of the drone and suitable safety constraints.

e Adaptation and extension of the robust MPC approach in [8] to the power line inspec-
tion task (focusing on real-time capability of your implementation).

e Evaluation of your implementation.

Thttps://de.statista.com/statistik/daten/studie/37962/umfrage/
laenge-der-stromnetze-in-deutschland-in-1998-und-2008/

TUTI

Technical University of Munich

TUM School of Computation,
Information and Technology

Chair of Robotics, Artificial
Intelligence and Real-time
Systems

Supervisor:
Prof. Dr.-Ing. Matthias Althoff

Advisor:
Lukas Schifer, M.Sc.

Research project:
E.ON Future Lab

Type:
MA

Research area:
Power systems, control theory,
formal methods

Programming language:
MATLAB

Required skills:
Background in control theory and
dynamical systems.

Language:
English, German

Date of submission:
3. Marz 2023

For more information please
contact us:

E-Mail: lukas.schaefer@tum.de

Internet: wwwé6.in.tum.de


mailto:lukas.schaefer@tum.de
http://www6.in.tum.de/
https://de.statista.com/statistik/daten/studie/37962/umfrage/laenge-der-stromnetze-in-deutschland-in-1998-und-2008/
https://de.statista.com/statistik/daten/studie/37962/umfrage/laenge-der-stromnetze-in-deutschland-in-1998-und-2008/

e Optional: Implement your algorithm on a real dronel

e Documentation of the results.

References

[1]

2]

[3]

[4]

[3]

[6]
[7]

(8]

[9]

Felix Gruber and Matthias Althoff. Scalable robust model predictive control for linear
sampled-data systems. In IEEE Conference on Decision and Control, pages 438-444,
2019.

David M. Hull and Ross N. Adelman. Method of autonomous power line detection,
avoidance, navigation, and inspection using aerial crafts, 2017.

Nicolai lversen, Oscar Bowen Schofield, Linda Cousin, Naeem Ayoub, Gerd vom Bogel,
and Emad Ebeid. Design, integration and implementation of an intelligent and self-
recharging drone system for autonomous power line inspection. In IEEE/RSJ International
Conference on Intelligent Robots and Systems, pages 4168-4175, 2021.

Nicolaj Haarhgj Malle, Frederik Falk Nyboe, and Emad Ebeid. Survey and evaluation of
sensors for overhead cable detection using UAVs. In 2021 International Conference on
Unmanned Aircraft Systems (ICUAS), pages 361-370, 2021.

Joseph Moore and Russ Tedrake. Magnetic localization for perching uavs on powerlines.
In 2011 IEEE/RSJ International Conference on Intelligent Robots and Systems, pages
2700-2707, 2011.

Huan Nguyen, Mina Kamel, Kostas Alexis, and Roland Siegwart. Model predictive control
for micro aerial vehicles: A survey. November 2020.

A. Pagnano, M. Hopf, and R. Teti. A roadmap for automated power line inspection.
maintenance and repair. Procedia CIRP, 12:234-239, 2013. Eighth CIRP Conference on
Intelligent Computation in Manufacturing Engineering.

Bastian Schiirmann, Niklas Kochdumper, and Matthias Althoff. Reachset model predictive
control for disturbed nonlinear systems. In IEEE Conference on Decision and Control,
pages 3463-3470, 2018.

Lei Yang, Junfeng Fan, Yanhong Liu, En Li, Jinzhu Peng, and Zize Liang. A review on
state-of-the-art power line inspection techniques. IEEE Transactions on Instrumentation
and Measurement, 69(12):9350-9365, 2020.

TUTI

Technical University of Munich

TUM School of Computation,
Information and Technology

Chair of Robotics, Artificial
Intelligence and Real-time
Systems



