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Publishable Executive Summary

As the Arctienvironmentalresearch havecome a very important topic on thegendathe scientistghat
are active in these areagill needseveral ways to utilize new technology.

One goalvith this work is topresent a great variety of examples of drones and how they can be applied in
research purposes, in order t@ise awareness anihspire station managers and scientisto seek for
opportunities on how to take advantage of the possibilities presented by the drones and its various
applications.The presented information will lower the thresholds for the introduntiof drones in the
organizationsin orderto more easily make droneapplicable for different types of remote sensing and for
upscaling of scientific observations from plot scale to regional scale across and within a range of
environmental disciplines

A lot of inspiration and ideas to theeport come from theextensive cooperation between industry,
authorities,researchers and station managetiat all has contributed to the contentn addition to that,
experiencerom the large drone communitijas ben transferrednto the report.

Thereader will begiven an overview of different drone systensingle rotor helicoptermultirotor and fixed

wing andtheir basic technologgnd what kind of applications to apply the technolagy Further chapters

will coversome of thebasictechnology behind, such as navigatid@aids accessorieand peripheralsas

well asa variety of sensors and gical applications to be used fdhe Arctic environmentalresearch
activities These applications will cover topics like snow measurement, laser scanning, different radar
technologies, photogrammetry, among several othdse documentwill also highlight some of the most
important things to have in mind when using drones in the iérclimate. Thiswill eventually give the user

a better understanding on howo proceed withdronesregardless obeinga beginner or an experienced
pilot.
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Acronyms

AGL
ATC

Above Ground Level

Air Traffic Control

BVLOSBeyond Visual Linef Sight

CAA
CTR
COTS
FPV
GNSS
GHG
GCP
PED
RPAS
RTK
UAS
UAV
VLOS

Civil Aviation Authority
Controlled Traffic Region
Commercial Ofthe-Shelf

First Person View

Global Navigation Satellite Systems
Greenhouse Gas

Ground Control Points
Personal Electronic Devices
Remotely Piloted Aircraffystem
Real Time Kinematic
UnmannedAircraft System
Unmanned Aerial Vehicle

Visual Linef Sight
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1. Introduction

1.1. Background

Drones, orUnmanned Aerial \fecles (UAV)have become an important tool in environmental research
during the last years due to their ability to make observations, including remote sensing, at loandast
intervals determined by the user. With appropriate serssodrones can be used for diffent types of

remote sensing for various land surface, aquatic and atmospheric measurements. Consequently, they can
extend the study area of research stations and facilitatesc@ling of environmental observations from plot
scale to catchmenscale. Frther, sensors on drone platforsncan also be used in combination with
satellite-borne sensors to scale up to the regional scale and beyond.

Drones are especially applicable for arctic research. The Arctic consists of vast areas with very limited
infrastructure and often inaccessible places, which makes it difficult to gather spatial environmental
information at regular intervals and with minimal environmental impact on the ground. With drones it is
possible to make such investigations, and due to the liariged population dasity in most of the Arctic,

drone operations can be carried out with less risk than is the case in areas more deopalgtpd. At the

same time, dronesan increase safety in the field by avoiding walking over mountains, ice, smolv
wetlands.

In the near future it is probable thatroneswill be considered as part of the equipment operated routinely
by research station staff and visiting scientists.

1.2. Purpose of document

Knowledge aboutdrone technology is sli limited within the arctic science community aramong Actic
research station managerg\so, there is a large number of possibilities to create nemvironmental
researchopportunities in combining drorsewith different types of commercially availaldensors

This document aims at providing an overview of:
1 Identified Arcticresearch areas and activitiadherein drones could be applied
91 Dronetechnologies suitable for Arctic research
1 Sensor technologies suitable for Arctic research
1

Applicatims of sensors integted on droneg, with a potential for being utilizedby Arctic
researchers

1.3. Method

Interviews, surveys and a workshop have been conducted in order to better understand the need among
Artic environmental researchersspecially related to specific researckas and related field activities.

Two seminar activities have been conducted with speakers and exhibitors from organizations and industry.
These activities have brought together rasehers and manufacturers of droseand sensorsSeveral

Document ID:  INTERACT Deliverable_8.3.docx © INTERACT consortium
Date: 2018/08/31 Public Page 5 of 73



Project No. 730938 ! —
D8.3 1 Report requirement specifications for drones

EEY B BmEw Mmw i

presentationsabout the work package and the INTERACT project have beeatléfterent occasionsand
events. This has spread the awareness about the Arctic research community and their requests.

Press releases and news articles have been written about the projeichwias further attracted an
international interest from the industry, which has contributeal many contacts with suppliers and, as a
result of this,a lot of informationregarding UAV technologies andpipable types of sensors.

The work packagkasbeen present in several national and international media.

1.4. Terminology
The term Unmanned Aerial Vehicle (UAV) refers to an aircraft without a human pilot onboard. This is also
the general meaning of the more commonly used term drone.

The termUnmanned AeriaBystems(UAS) refers to a complete system, itiee droneincluding allthe
peripheralsge.g.remote controller and ground station equinent, needed to operate the drone

Remotely Piloted Aircraft SysterBPAPis another term that sometimes is useal describe the same as
UAS.
This documenwill mainly usehe generalterm drone.
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2. Arctic research areas and activities

Understanding the life and activitieat arctic research stationss crucial in order to makéechnical
recommendationsregarding types of drones and sensors that could be utilized for research actiities
survey conduted in April of 2017Ader & Axelsson, 201¢harted the activities of researcheasd other
personnel at INTERAGTHtions Theinitial recipientsof the surveywere asked tdfurther distribute it to
thosewhom they assessed to b&ppropriate respondents. fotal of 29 answers from 24 different research
stationswere gathered

The answers differed greatly between respondentschiecklist question about thgypes of samples/data
collectedresulted in onlyjunique answer combinationg he results are shown kigurel.

Which samples/data do you collect?

29 svar

Aerial photog. . 14 (48,3 %)
RADAR/LIDA. .. 10 (34,5 %)
Animals 11 (37,9 %)
Sail 8 (27,6 %)
Ice 12 (41,4 %)
Snow 14 (48,3 %)
Vegetation 21 (72,4 %)
Water from s._. 11 (37,9 %)
Water from st 14 (48,3 %)
Weather 17 (58,6 %)
Ovriga 16 (55,2 %)
0 2 4 6 8 10 12 14 16 18 20

Figurel. Surveyresponsego the question "Which samples/data do you collect?®vriga=OtherYAder & Axelsson,
2017)

CNRY GKS IyagSNE FTNRY (GKS &adzwaSldsSyd ljdzSaitazyy
one canmalsoconclude that he mahodsusedfor collectingthis samples/this dataary considerably.
Interviewswas conducted with some of the respondemtsorder to gaindeeper insights about the work

performed at the stations and to complement the findings of the survékis, in commation with user
tests of drones by some of the researchers, led to some general conclusions:

1 Most researchactivities that are carried out via satellite or helicopteran be replaced by a drone
activity, giventhat the associated electronigsensors angdupporting systems questionare light
enough to be carried by thérone (most, depending on the size of the drane)

91 Drone applications can also be used to replace analogue methods, such as snow depth

measuremens using ameasuringod.

Document ID:  INTERACT Deliverable_8.3.docx © INTERACT consortium
Date: 2018/08/31 Public Page 7 of 73

é‘ :



Project No. 730938 A N & | e
D8.3 1 Report requirement specifications for drones “‘ ' EII‘_ AU |

Drone data could provide a good middle ground between manually collected field data and satellife data
and thereby fill aso-called scale gaprhe scale gap andale of UAV imagerig illustrated inFigure?2
(Olofsson, 2017)
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Figure2. Scale of UAV imagery compareddoales obther data collection methodgOlofsson, 2017).

Drones complement traditional fieldwork with fast measurements collected over kamggas butwill in all
likelihood not replae traditional fieldtesting;nor is it desirable, as many researchers enjoy field work.

All drone applications in which the drone observes and collects data without interacting with the
surrounding environmentcan be referred to agassive drone applicationdJses for passive drone
applications include measuring ground composition, snow deptkeningof plants, andmany more.
Thesepassiveapplicationshold great potential of improving both research quality aefficiencyand will
most likely be the dominating use of drone technology within the research community.

Active drone applicationare applications in which the drone interatvith the surrounding environment
Collection of samples is one such applicatibmones pose a smaller risk of affectitite surrounding
environment than a human would. They can, for instance, collect samples drtake or mirewithout

trekking or rowing tdhe area in question
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Researchers often operate in remote locations. Collecting samples in these locations ribeguairéo
transport equipment and personnel over difficult terrain. Some areas may be compietelgessible but

be valuable from a research perspective. Using drones to acquire information from these inaccessible
places may be beneficial and could potentially help save time and resol@ses can also be used for
recognizance work, to inspect ath or trail for potential hazards.
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3. Dronetechnologies

A drone is amaircraft without a pilot on board. Aroneis often (but not alwaysg¢apable of autonomous
flight. In order toaccomplishthis, the aircraft need several different sensors andput data, such as
accelerometer and gyro information and be abledombineit with barometricand GNSS data so the
avionicsunderstandall orientations and positiors.

3.1. Different types of drones.
There areseveraldifferent types of droneskFor the sake of siplicity, we will introduceghe most common
onesby categorizinghem into these threeamaintypes ofaircrafts

9 Single rotor helicopteor VTOL (Vertical takeff and landing)
9 Mulitrotor or multicopter
1 Fixedwing
There is also type calledVTOL fixedving, which will bedescribedater in this chapter.

At least two of thesddifferent typeshavetraditionally beenused as carriers for regulamannedaircratft,
where the third onethe mutirotor, has rarely been used for thmurposeof transporting personnel

3.1.1. Single rotor helicopter
A sirgle rotor helicopter hasypically a single lifting rotor with two or more blades which is best described
as a traditional manned helicoptdfigures.

Figure3. Single rotor helicopter. Credit: Common Creati@C B¥A 3.0

The directional control is maintained by varying blgdieh via serveactuated mechanical linkage. A single
rotor helicopter is generally more difficult to flyThese helicoptershave traditionally been using
combustion engines rathiehan electrical propulsions. Many of tharge style single rotodronesare still

using combustion enginesven if there nowadays are battery powered machines availgbtenpared to
electrical motors, this type of motors can induce a lot of vibrations in the fuselage due to the many moving
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parts. On the other hand, the liquicefrol will have a high level of energy content in relation to its weight,
which will give the helicopter a long time and range of actompared to those that would use electrical
battery propulsion

The single rotor helicopter is fast, strong and edfiti It is generally more difficult to fly andswally require
a skilled pilot.

Figure 4 shows the Yamaha RMAX helicopter, which is a remai#dted helicopter designed for
agriculture purposes. It has a twgtroke engine, operating on retfr gasoline mixed with twstroke oil It
has a payload capacity of 16.kg

T YAMAHA™ )

Figure4. Yamaha RMAX helicopteCredit: Yamaha

Figure5 showsthe Skeldar V200 which has a length of 4 meters and a payload capacity of 40 kg. It can be
equipped with different kind of sensors for various taskhis type ofdrone is primarily ued for harsh
environments and missions, typically military or rescue services, where high demands are expected.
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Figure5. Skeldar V200 VTOL UA\Credit: UMS Skeldar

3.1.2. Multirotor or multicopter

A multrotor is obviously aotorcraft with mare than one rotor. At least threstors are necessary to allow
the rotor to retain its position in the aipbut today the fourrotor aircraft is standardA basic multirotor is
shown inFigure6.

Figure6. A multirotor of the type quad or X4 Creative commons.
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The multirotor is aerodynamically unstable, which require its rotors to be controlled dyrguter or a

flight controller The flight controller takes inputs from several sensors, such as gyroacaeterometers

and analysing their values in order to give the correct thrust to every single rotor. It simply would be
impossible for a human being to control the individual thrust of all the rotors at the same time while trying

to navigate the multirotorin all dimensions¢ KSNBEF2NB X | YdzZ GANRG2NI OF yQi
controller.

Each of the motors will give the ability to manoeuvre the multirotor in all three axes. The controls to this
are called pitch, yaw and roll as can be seefFigure?.

Figure7. Pitch, roll and yaw representeds a figure.

The flight controller will also give many technical advantages for the pilot such as possibility to use
autopilot features.

The recent decades of innovation with flight controllers and sensors is for sure a strong reason why the
multirotor has become so popular and commonly used.

A multirotor namedquad or the X4 i fairly simple and easy design and also the most efficient of the
multirotor family. It is designed with four rotors, each of them will spin in the opposite direction than its
neighbour.

1 The quad will control itsoll and pitch by speeding up two motors on one side and slowing down
the other two. For going left (roll) it would speed up motors on the right side of the frame and slow
down the two on the left. The same appliggt wants to moveforward (pitch): the two forward
motors will slow down and the two back will speed up.

1 Similarly, the copter can turn around its own axgaw, by speeding or slowing down motors
diagonally across from each other.

1 By giving thrust tolarotors altitude is controlled.
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Allmovements are comblled with a remote controller if not flying in any automated flight modes.

Similarly,will the hexacopter and octocopter, which are aircraftgh six respectively eightotors, worlks

but the flight controller will make sure to adapt every single rotor to the correct thrust.

The hexacopter and octocopterre also aircrafts that are able to carry more payloads and will be more
redundant for the price of complexity and higher costs.

3.1.3. Quad or X4
The quwad or X4, which is shown Figure8 is probably the most common drone today because of its
relatively simple design.

Figure8. A Solo quad drone from 3DR

The airframeof a quadcan be designed idifferent setups,as can be seen iRigure9. The most common
one will probably be the X configuration, which will be a good option for aerial photography deshyn
of the arms will not block the view of a camera mounted underneath its frame.

The basic and simple construction will make it relatively inexpensive with good flight performance, but it
will suffer from no redundancy in case of a rotor failure and payload capability.

Document ID:  INTERACT Deliverable_8.3.docx © INTERACT consortium
Date: 2018/08/31 Public Page 14 of 73



Project No. 730938 / \U— 1

D8.3 1 Report requirement specifications for drones INIEN- AV |
| - -

2)

S

QUAD + QUAD X

C

G
QP
"

Figure9. Different frames will change the motor order diagram

The X configuration is also the most common used configuration on commercially sold drones today.

Four motors will not give any redundanfty the quad which means if oneotor is out, the aircraft will
crash.

3.1.4.Hexacopter
The hexacoter consistof six rotors in which can be configured imY, + or Xonfiguration, as can be seen
in FigurelO.

® QR @

&
@)
/""\ v d % )
) & L)

HEXA + HEXA X

{”"‘\
\

Figurel0. Different frames for a hexacopter.

Additional rotors will give the hexacopter more payload capacity than quadcopters. The six rotors will give
the aircraft some redundancy and it will easily continue to fly ettty five rotors or even four depending

on the positioning of the motor outagé\s they have more power due to the two extra motors they can
reach higher speed.

Some drawbacks of the hexacopter compared to a quad are that they are more expensive, less efficient and
increased complexity camake them more failure prondt also has &arger fuselage means that they may
be more difficult to handle, transport and store.Figurella hexacopter from Yuneec is shown.
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Figurell. Yuneec Typhoon H hexacopter

3.1.5.0ctocopter
The octocopter one is shown irFigure12, is usually a heavy lifter, which allows it to carry eveare
payload than its smaller sibling3ifferent setups for the octocopter is X,or the X8 configuration.

Figurel2. An octocopter, consequently with eight rotors
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The X8or octa quad, is actually a quad frame, in which each arm has two metms,of them spinninm
opposite directions. The setup is called coaxial mount and one of thiermmon each arm is facing up and
the other one is facing dowras can be seen Figurel3. This will reduce the weight slightly and add more
power andeven more windstability.

Figurel3. An octocopter configured as X®ith two rotors on each arm

The octocopter is a highly redundant machine when it comes to motor outage. It can cotdifiyevith as

many as four rotors failinglhestability in the air is very good and it can withstand a lot of wind and harsh
weather conditions. The machine can be heavy and bulky to carry and store, and it also requires a lot of
power and batteries, which also may lead to more peripherals and spate o handle. Overall this will

make such a system more expensive.

There are rarely any octocopters reasonably priced for recreational use, most of the drones for the mass
market today are oriented on quads or hexacopters. Still, enterprise drones foanding users, will be
available from several manufacturers that will provide octocopters for customers with specific needs. A
large part of the market for octocopters is focused on professional cinematic and video production, where
large and heavy camerasd gimbals are required together with reliability.

In (Gustafsson & Bendz, D8.5 Guidelines for drone useage in arctic environmentsa@gitidhal details
and pros and cons fa few of the most common multirotorare descibed.
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3.1.6. Fixed-wing aircraft

A fixedwingaircraftmust have air moving over their wings in order to generate lift. Therefore, they have to
stay in forward motion all the time and will not be able to hover in one spot like a multirotor or single rotor
helicopter canFigurel4 shows a fixedving aircraft from Lehmann Aviation.

Figureld. Lehmann Aviation {A series line of fully automatic aircraft released in 2016. Credit: Creative commons.

In theory, themotion over ground can be zero, as long as the wiraksphg over the wings, will excead
certain leve] which willthen generate the lift. This means that a very strong witmvards the aircraft,
would be able to keep the fixeding aircraft in the aieven thoughit is not moving forward

Large style fixedving droneswill use combustion engine motors. Wankel rotary engines are often used for
this purpose, bBcause of their small size, low weight, low vibration and high power to weight ratio

Afixedwiy 3 F ANDONI Fi R2SayQi ySSR | FtA3aIKG QOeyyirasNE®t £ SNJ
propeller thrust, thethrottle, to be configured together with the rudder on each wing. This will allow the
fixedwing to pitch roll and yawlhesemovements areshown inFigurel5. In addition to that, there will be

the throttle, which is basically the amount of thrust that is given to the propulsion, the propeller.
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Pitch Axis

Roll Axis
Yaw AXis

Figurelb. An illustration of pitch, yaw and roll on a fixegving aircraft

9SSy (K2dAK | FfA3IKIG Ooyeliteduing &irbkafta illybe équipp&ivhdoae: NB
This will add a lot of extra features, for exampiact positioning andutopilot which will allow the pilot to
pre-program a specific routeThe procurement of a fixeding drone for any Arctic missiorshoud
therefore include a flight controller at any timanlessit is solely for training use.

A fixedwing aircraft is usually a bit more forgiving in the air in the face of both piloting and technical errors.
One example of that is that they have naturabtiglg capabilities with no power as long as the wings will
generate lift. Fixedving aircraft also can carry greateayloads for longer distances witss power.

Fixedwinged drones traditionally utilize runways for takff and landing. They can, howevyealso be
launched by catapult and land with the help of parachut&his will make it a bit less difficult for an
unexperienced user.
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Figurel6. A large fixed wing drone with high payload capacity

For longer missions and to carry largeryloads with only minor requiremerior precision, a fixedaving
aircraft is usually idealn Figurel6the size of a largexed-wing drone is shown in relation to a person.

3.1.7.VTOL fixed wing

In addition to the above described drone types there are also aircrafts that can take advantage of both the
fixedwing and the multirotor technology which will make it able to do VTOL anithdygame time gain
benefit from the fixed wing advantageBhis is shown ifigurel?.
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Figurel7. A VTOL fixedving drone ready for takeoff.

The fixedwing VTOL technology can be expected to take a greater part of the market as users may request
easy to use drone systems in the future.

3.2. System components

3.2.1. Propellers
One of the fist thing one may notice on a dronethe propelers, nomatter what type of dronat is.

Propellers are usually made of plastic, which on tbeywcheap models tend to bsoft and flexible. The
popular but low ranged priced drongbke DJI Phantom or Mavic models are shipped with plastic propellers
that are reasonably stiffand non or low flexible. Plastic propellers will do for most of the basic machines
and missionsThey should normally not be replaced with any carbon fibre propellers as the user may not be
able to take advantage of any increased performaand they can also induce unwanted vibrations or in
the machine or cracks in the fuselage of the drone.

Carbon fibre propellers are usually shipped with high end and heavy lifting machines. The carbon fibre
propellers are extremely hard and will not flakel a plastic propellewill and therefore give the drona

very good performance and better efficiency. Carbon fibre propellers are mxpensiveand the pilot
should take extra caution. If a rotating plastiopeller will slice half of éinger, a roating carbon fibre one

will easily cut a finger in case of an accident.

There are also wood propellers that may seems a bit old fashioned but in fact they have similar
characteristics as the carbon fibre ones but with slightly less price.
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