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Abstract
Unmanned Aerial Vehicles (UAVs) are

used for many tasks in various environ-
ments. The �ight above water surface is
one of the more challenging.

The drone is required to withstand con-
tact with water and be equipped with suit-
able landing gear in the case of emergency
water landing. The hardware design must
address these problems. Moreover, the
sensory equipment must be carefully cho-
sen for reliable detection of the water sur-
face.

In the beginning, the thesis provides an
overview of currently used solutions utiliz-
ing various Unmanned Vehicles. Based on
the review, a Tarot T650 drone equipped
with a water-resistant cover and water
landing gear is developed. Firstly, the
possibilities of protection against water
are explored. Secondly the water landing
gear is designed and lastly, the suitable
sensory equipment is chosen and mounted
on the platform.

With the hardware solution complete, a
ROS node is created to integrate the sen-
sors with the Multi-robot Systems group
(MRS) system. Finally, the UAV platform
is thoroughly tested during the MRS ex-
perimental campaign.

Keywords: UAV, Unmanned aerial
vehicle, Water-resistant, Drone, Floating
gear, Flying above water
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Abstrakt
Bezpilotní multirotorové helikoptéry
(drony) se pouºívají k mnoha ú£el·m
v r·zných prost°edích a prom¥nlivých
podmínkách. Let nad vodní hladinou
pat°í mezi více náro£né úlohy.

Je d·leºité, aby byla °ídící elektronika
bezpilotní helikoptéry dostate£n¥ chrá-
n¥ná proti p°ístupu vody. Dron také musí
být vybaven plováky v p°ípad¥ nouzového
p°istání na vod¥. V neposlední °ad¥ je
t°eba vhodn¥ zvolit senzory pro p°esnou
detekci vodní hladiny.

Nejprve je p°edstaven sou£asný stav vy-
uºití r·zných bezpilotních helikoptér ur-
£ených pro lety nad vodní plochou. Na
základ¥ této re²er²e je navrºen dron Tarot
T650 vybavený vod¥odolným krytem a
plováky. Jsou zmín¥ny moºnosti ochrany
proti p°ístupu vody, dále návrh plovák· a
nakonec jsou vybrány vhodné senzory.

Pro integraci senzor· se systémem
Multi-robotické skupiny (MRS) je vytvo-
°en program s vyuºitím ROS. Na záv¥r je
platforma otestována b¥hem experimen-
tální kampa¬e MRS v Teme²váru u Písku.

Klí£ová slova: UAV, Bezpilotní
helikoptéra, Vod¥odolný, Dron, Plováky,
Let nad vodou

P°eklad názvu: Návrh bezpilotního
letounu a integrace senzor· pro létání
nad vodní plochou
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Chapter 1
Introduction

The �eld of Unmanned Aerial Vehicles (UAVs) or drones is an attractive
topic with many applications. Drones have many uses - in both military and
civilian areas. They can be used to deliver goods, collect samples or explore
dangerous or inaccessible places. For this reason, many research teams and
companies strive to improve the state of the art in the world of drones.

The Multi-robot Systems group at Department of Cybernetics, Faculty of
Electrical Engineering, CTU in Prague is a research group, which specialises
in autonomous drones, trajectory planning, drone swarms and exploration.
So far, there have not been many experiments concerning drones and water.
Even a few water drops from a light shower can interrupt any experiment
the group is conducting at the moment. The group has no drones optimised
for water encounters and having such drone will bring new opportunities to
the MRS group. In this thesis, the Tarot T650 drone will be modi�ed to
be water resistant, be able to �y in close proximity of water and be able to
determine how close to the surface it is �ying at the moment. This drone was
selected, because the MRS group has a lot of experience with this type of
drone platform.

1.1 Goals

The goal of this thesis is to design a drone based on the Tarot T650 platform,
which is able to:. Detect water surface and measure its distance from the surface. Safely �oat on the water surface. Comply to certain IP standard
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1. Introduction .....................................
1.2 Organisation of the thesis

In chapter 2, water-resistivity is de�ned and related drone projects are
presented. In chapter 3, the drone is introduced and described. Chapter 4 is
divided into two sections, which describe the two main methods of achieving
water-resistivity. In chapter 5, the solution for �otation is described. In
chapter 6, various sensory options are explored and the best sensor is selected
and chapter 7 is centered on integrating the sensor into the MRS UAV system.
Chapter 8 is dedicated to experimental veri�cation of the proposed designs.
Each of chapters 4, 5 and 7 covers one topic of the goals. Chapter 9 concludes
this thesis and in chapter 10 the results are discussed and possible future
work is mentioned.
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Chapter 2
Related work

In this section, water-resistivity is de�ned and related solutions are presented,
both scienti�c and commercial. Mentioned scienti�c drones are mostly in the
prototype stage and are often adaptable to new tasks, whereas the commercial
ones are usually single-purpose.

2.1 Water-resistivity

Some products, especially electronic goods, can be susceptible to damage from
water. The damage can range from cosmetic discoloration, signal distortion,
to fatal short-circuit and total destruction. When circuits are left unprotected
and come into contact with water, new conductive paths are introduced in
the circuit, which are the reason why damage occurs.

Pure, deionised water is not a good conductor. When measured, its
electrical resistance is approximately 18.2 M
 cm� 1 [1]. However, water in
this state is not present anywhere in the world, as there are always some
impurities dissolved. Electric resistance of tap water in Prague was measured
to be 3223
 cm� 1. The electric resistance of seawater is 5.5 S�m� 1, which is
approximately 0.18 
 m� 1 [2].

Water-resistivity is the ability of products which determines, what condi-
tions the products can survive una�ected. These conditions were speci�ed in
IEC 60529[3], where protection categories against both solid object and liquid
damage are stated. This article is the basis for the publicly known IP standard.
The �rst digit states, how resilient is the product to solid particles and items.
For example, IP2X certi�cation states, that a standardised �nger-shaped
tool will not damage the product and the person touching it. The categories
concerning water protection are divided into 10 ranks, where higher number
means higher resistance. When the letter X is used in speci�cation, it means,
that the category, where the letter is placed, was not tested or is irrelevant
to a statement, which is being made about the product. The second digit
speci�es, how rugged the product is concerning water contact. IPX0 states,
the product was not designed with any ruggedness in mind. IPX4 certi�cation
tells the user, that the product will withstand splashes of water from any
direction. IPX9 certi�cate is often required for critical medical hardware, for
it must withstand high-pressure cleaning. As a side note, medical electronics
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