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Abstract—In this paper, we present an autonomous quadrotor
system equipped with a winch-tethered magnet, capable of
perching on a vertical surface. A tensile interaction is leveraged
to allow the vehicle to hover within close proximity of a target at
low thrust or descend to a fully vertical position and efficiently
slide along the surface. We demonstrate a planning and control
strategy that leverages multi-modal mobility for near-surface
inspection scenarios both inside and outside of our lab. We
present here a tethered quadrotor that is able to hover and
perch vertically near infrastructure elements, enabling a variety
of surface manipulation and repair tasks while reducing energy
usage.

I. INTRODUCTION

Inspection at close proximity is a desirable function for
micro aerial vehicles tasked with performing operations within
difficult to reach environments. Unfortunately, complications
resulting from complex physical surface interaction and the
inherent underactuation of the typical multi-rotor platform
make realizing such a functionality a significant challenge.
Solutions have thus far largely relied upon flying platforms that
utilize multi-DoF robotic arms [1], thus decreasing flight-time
increasing platform complexity. Additionally, the presence
of such arms introduces a dynamic coupling between the
vehicle and arm subsystem, potentially leading to unintentional
behaviors when interacting with the surrounding environment.

In this work, we present an autonomous quadrotor system
equipped with a simple winch-tethered magnet, capable of
performing inspection and maintenance tasks with minimal
energy consumption. A tensile interaction [2] is leveraged to
allow the vehicle to maneuver under full actuation and variable
thrust within close proximity of a target or descend to a fully
vertical position and slide along said target. Such an approach
exploits the benefits of multi-modal locomotion, surveying or
manipulating a target for extended intervals under most effi-
cient modality available [3]. Furthermore, the vehicle is able to
accommodate a variety of sensors and tools without incurring
the dynamic hurdles inherent with off-center payloads. An
implemented flying platform has been proven both in lab and
in real-world environments, successfully performing in both
scenarios.

II. RESULTS AND DISCUSSION

The aerial inspection platform consists of a quadrotor
equipped with an Intel i7 NUC computer and RealSense
ZR300 for onboard state estimation, planning and control (Fig.
1). As shown in Fig. 2, the system can perch, land and slide
along a vertical magnetic surface.

The presented approach maintains the potential to carry
heavy sensors (eg., NDE sensors) and tools to efficiently
monitor or manipulate a target. Topics for future work include
the following: 1) utilizing image depth for perching target
selection; 2) fault-tolerant control.

Fig. 1. Aerial inspection platform anchored to a vertical surface: A)
Compliant foot with omnidirectional roller, B) Tether winch, C) Passively-
detachable anchor.

Fig. 2. Inspection sequence executed on the real robot at NEST building,
EMPA, Switzerland: A) Perching on a magnetic surface (sub-image of
onboard-camera view), B) Vertical hovering modality, C) Sliding modality
(sub-image of inspection output photo).
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