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Publishable Executive Summary 
 

As the Arctic environmental research has become a very important topic on the agenda, the scientists that 

are active in these areas will need several ways to utilize new technology.  

One goal with this work is to present a great variety of examples of drones and how they can be applied in 

research purposes, in order to raise awareness and inspire station managers and scientists to 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 introduction of drones in the 

organizations, in order to more easily make drones applicable 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 the report come from the extensive cooperation between industry, 

authorities, researchers and station managers, that all has contributed to the content. In addition to that, 

experience from the large drone community has been transferred into the report.  

The reader will be given an overview of different drone systems; single rotor helicopter, multirotor and fixed 

wing and their basic technology and what kind of applications to apply the technology on. Further chapters 

will cover some of the basic technology behind, such as navigational aids, accessories and peripherals, as 

well as a variety of sensors and typical applications to be used for the Arctic environmental research 

activities. These applications will cover topics like snow measurement, laser scanning, different radar 

technologies, photogrammetry, among several others. The document will also highlight some of the most 

important things to have in mind when using drones in the Arctic climate. This will eventually give the user 

a better understanding on how to proceed with drones regardless of being a beginner or an experienced 

pilot. 
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Acronyms 
 
AGL Above Ground Level 

ATC Air Traffic Control 

BVLOS Beyond Visual Line of Sight 

CAA  Civil Aviation Authority 

CTR Controlled Traffic Region 

COTS Commercial Off-the-Shelf 

FPV First Person View 

GNSS Global Navigation Satellite Systems 

GHG Greenhouse Gas 

GCP Ground Control Points 

PED Personal Electronic Devices 

RPAS Remotely Piloted Aircraft System 

RTK Real Time Kinematic 

UAS Unmanned Aircraft System 

UAV  Unmanned Aerial Vehicle 

VLOS Visual Line of Sight 
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1. Introduction 

1.1. Background 

Drones, or Unmanned Aerial Vehicles (UAV), have become an important tool in environmental research 

during the last years due to their ability to make observations, including remote sensing, at low cost and at 

intervals determined by the user. With appropriate sensors, drones can be used for different types of 

remote sensing for various land surface, aquatic and atmospheric measurements. Consequently, they can 

extend the study area of research stations and facilitate up-scaling of environmental observations from plot 

scale to catchment scale. Further, sensors on drone platforms can 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 very limited population density in most of the Arctic, 

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

same time, drones can increase safety in the field by avoiding walking over mountains, ice, snow and 

wetlands. 

In the near future it is probable that drones will be considered as part of the equipment operated routinely 

by research station staff and visiting scientists. 

1.2. Purpose of document 

Knowledge about drone technology is still limited within the arctic science community and among Arctic 

research station managers. Also, there is a large number of possibilities to create new environmental 

research opportunities in combining drones with different types of commercially available sensors.  

This document aims at providing an overview of:  

¶ Identified Arctic research areas and activities wherein drones could be applied 

¶ Drone technologies suitable for Arctic research 

¶ Sensor technologies suitable for Arctic research 

¶ Applications of sensors integrated on drones, with a potential for being utilized by Arctic 

researchers 

1.3. Method 

Interviews, surveys and a workshop have been conducted in order to better understand the need among 

Artic environmental researchers, especially related to specific research areas and related field activities. 

Two seminar activities have been conducted with speakers and exhibitors from organizations and industry. 

These activities have brought together researchers and manufacturers of drones and sensors. Several 
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presentations about the work package and the INTERACT project have been held at different occasions and 

events. This has spread the awareness about the Arctic research community and their requests. 

Press releases and news articles have been written about the project which has further attracted an 

international interest from the industry, which has contributed to many contacts with suppliers and, as a 

result of this, a lot of information regarding UAV technologies and applicable types of sensors. 

The work package has been 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 term Unmanned Aerial Systems (UAS) refers to a complete system, i.e. the drone including all the 

peripherals, e.g. remote controller and ground station equipment, needed to operate the drone. 

Remotely Piloted Aircraft Systems (RPAS) is another term that sometimes is used to describe the same as 

UAS. 

This document will mainly use the general term drone. 
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2. Arctic research areas and activities 
Understanding the life and activities at arctic research stations is crucial in order to make technical 

recommendations regarding types of drones and sensors that could be utilized for research activities. A 

survey conducted in April of 2017 (Ader & Axelsson, 2017) charted the activities of researchers and other 

personnel at INTERACT stations. The initial recipients of the survey were asked to further distribute it to 

those whom they assessed to be appropriate respondents. A total of 29 answers from 24 different research 

stations were gathered. 

The answers differed greatly between respondents. A checklist question about the types of samples/data 

collected resulted in only unique answer combinations. The results are shown in Figure 1. 

 

Figure 1. Survey responses to the question "Which samples/data do you collect?" (Övriga=Other) (Ader & Axelsson, 
2017). 

 
CǊƻƳ ǘƘŜ ŀƴǎǿŜǊǎ ŦǊƻƳ ǘƘŜ ǎǳōǎŜǉǳŜƴǘ ǉǳŜǎǘƛƻƴΥ ά²ƘƛŎƘ ƳŜǘƘƻŘǎ Řƻ ȅƻǳ ǳǎŜ ǘƻ ŎƻƭƭŜŎǘ ǎŀƳǇƭŜǎκŘŀǘŀέΣ 

one can also conclude that the methods used for collecting this samples/this data vary considerably. 

Interviews was conducted with some of the respondents in order to gain deeper insights about the work 

performed at the stations and to complement the findings of the survey.  This, in combination with user-

tests of drones by some of the researchers, led to some general conclusions: 

¶ Most research activities that are carried out via satellite or helicopter can be replaced by a drone 

activity, given that the associated electronics (sensors and supporting systems) in question are light 

enough to be carried by the drone (most, depending on the size of the drone).  

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

measurements using a measuring rod.  
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Drone data could provide a good middle ground between manually collected field data and satellite data, 

and thereby fill a so-called scale gap. The scale gap and scale of UAV imagery is illustrated in Figure 2 

(Olofsson, 2017). 

 

Figure 2. Scale of UAV imagery compared to scales of other data collection methods (Olofsson, 2017). 

 
Drones complement traditional fieldwork with fast measurements collected over large areas but will in all 

likelihood not replace traditional field-testing; 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 environment can be referred to as passive drone applications. Uses for passive drone 

applications include measuring ground composition, snow depth, greening of plants, and many more. 

These passive applications hold great potential of improving both research quality and efficiency and will 

most likely be the dominating use of drone technology within the research community.  

Active drone applications are applications in which the drone interacts with the surrounding environment. 

Collection of samples is one such application. Drones pose a smaller risk of affecting the surrounding 

environment than a human would. They can, for instance, collect samples from a lake or mire without 

trekking or rowing to the area in question.  
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Researchers often operate in remote locations. Collecting samples in these locations require them to 

transport equipment and personnel over difficult terrain. Some areas may be completely inaccessible 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 resources. Drones can also be used for 

recognizance work, to inspect a path or trail for potential hazards. 
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3.  Drone technologies 
A drone is an aircraft without a pilot on board. A drone is often (but not always) capable of autonomous 

flight. In order to accomplish this, the aircraft needs several different sensors and input data, such as 

accelerometer and gyro information and be able to combine it with barometric and GNSS data so the 

avionics understand all orientations and positions. 

3.1. Different types of drones. 

There are several different types of drones. For the sake of simplicity, we will introduce the most common 

ones by categorizing them into these three main types of aircrafts: 

¶ Single rotor helicopter or VTOL (Vertical take-off and landing) 

¶ Mulitrotor or multicopter 

¶ Fixed-wing 

There is also a type called VTOL fixed-wing, which will be described later in this chapter. 

At least two of these different types have traditionally been used as carriers for regular, manned aircraft, 

where the third one, the multirotor , has rarely been used for the purpose of transporting personnel. 

3.1.1. Single rotor helicopter 

A single rotor helicopter has typically a single lifting rotor with two or more blades which is best described 

as a traditional manned helicopter, Figure 3. 

 
Figure 3. Single rotor helicopter. Credit: Common Creative CC BY-SA 3.0. 

 
The directional control is maintained by varying blade pitch via servo-actuated mechanical linkage. A single 

rotor helicopter is generally more difficult to fly. These helicopters have traditionally been using 

combustion engines rather than electrical propulsions. Many of the large style single rotor drones are still 

using combustion engines even if there nowadays are battery powered machines available. Compared 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 liquid petrol will have a high level of energy content in relation to its weight, 

which will give the helicopter a long time and range of action compared to those that would use electrical 

battery propulsion.  

The single rotor helicopter is fast, strong and efficient. It is generally more difficult to fly and usually require 

a skilled pilot. 

 Figure 4 shows the Yamaha RMAX helicopter, which is a remotely-piloted helicopter designed for 

agriculture purposes. It has a two-stroke engine, operating on regular gasoline mixed with two-stroke oil. It 

has a payload capacity of 16 kg. 

 

 

Figure 4. Yamaha RMAX helicopter. Credit: Yamaha 

 
Figure 5 shows the Skeldar V-200 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 tasks. This type of drone is primarily used for harsh 

environments and missions, typically military or rescue services, where high demands are expected. 
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Figure 5. Skeldar V-200 VTOL UAV. Credit: UMS Skeldar 

 

3.1.2. Multirotor or multicopter 

A multirotor is obviously a rotorcraft with more than one rotor. At least three rotors are necessary to allow 

the rotor to retain its position in the air but today the four-rotor aircraft is standard. A basic multirotor is 

shown in Figure 6.  

 

Figure 6. 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 by a computer or a 

flight controller. The flight controller takes inputs from several sensors, such as gyros and accelerometers 

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 multirotor in all dimensions. ¢ƘŜǊŜŦƻǊŜΣ ŀ ƳǳƭǘƛǊƻǘƻǊ ŎŀƴΩǘ ōŜ Ŧƭƻǿƴ ǿƛǘƘƻǳǘ ŀ ŦƭƛƎƘǘ 

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 seen in Figure 7. 

 

 
Figure 7. Pitch, roll and yaw represented as 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 named quad or the X4 is a 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.  

¶ The quad will control its roll 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 applies if it wants to move forward (pitch): the two forward 

motors will slow down and the two back will speed up. 

¶ Similarly, the copter can turn around its own axis, yaw, by speeding or slowing down motors 

diagonally across from each other. 

¶ By giving thrust to all rotors altitude is controlled. 
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All movements are controlled with a remote controller if not flying in any automated flight modes. 

Similarly, will the hexacopter and octocopter, which are aircrafts with six, respectively eight rotors, works 

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

The hexacopter and octocopter are 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 quad or X4, which is shown in Figure 8 is probably the most common drone today because of its 

relatively simple design. 

 

Figure 8. A Solo quad drone from 3DR. 

 
The airframe of a quad can be designed in different setups, as can be seen in Figure 9. The most common 

one will probably be the X configuration, which will be a good option for aerial photography as the design 

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 low payload capability. 
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Figure 9. 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 redundancy for the quad, which means if one rotor is out, the aircraft will 

crash. 

3.1.4.Hexacopter 

The hexacopter consist of six rotors in which can be configured in an Y, + or X configuration, as can be seen 

in Figure 10. 

 

Figure 10. 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 with only five rotors or even four depending 

on the positioning of the motor outage. As 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 can make them more failure prone. It also has a larger fuselage means that they may 

be more difficult to handle, transport and store. In Figure 11 a hexacopter from Yuneec is shown. 
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Figure 11. Yuneec Typhoon H hexacopter. 

 

3.1.5.Octocopter 

The octocopter, one is shown in Figure 12, is usually a heavy lifter, which allows it to carry even more 

payload than its smaller siblings. Different setups for the octocopter is +, X or the X8 configuration. 

 

Figure 12. An octocopter, consequently with eight rotors. 
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The X8, or octa quad, is actually a quad frame, in which each arm has two motors, each of them spinning in 

opposite directions. The setup is called coaxial mount and one of the motors on each arm is facing up and 

the other one is facing down, as can be seen in Figure 13. This will reduce the weight slightly and add more 

power and even more wind stability. 

 
Figure 13. An octocopter configured as X8 with two rotors on each arm. 

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

many as four rotors failing. The stability 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 spare parts to 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 for demanding 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 cameras and gimbals are required together with reliability. 

In (Gustafsson & Bendz, D8.5 Guidelines for drone useage in arctic environments, 2018) additional details 

and pros and cons for a few of the most common multirotors are described. 



Project No. 730938 

D8.3 ï Report requirement specifications for drones 
 
 

 

 

Document ID: INTERACT_Deliverable_8.3.docx © INTERACT consortium 

 Date: 2018/08/31 Public Page 18 of 73 

 

3.1.6. Fixed-wing aircraft 

A fixed-wing aircraft must 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 can. Figure 14 shows a fixed-wing aircraft from Lehmann Aviation. 

 
Figure 14. Lehmann Aviation L-A series line of fully automatic aircraft released in 2016. Credit: Creative commons. 

 
In theory, the motion over ground can be zero, as long as the wind, passing over the wings, will exceed a 

certain level, which will then generate the lift. This means that a very strong wind, towards the aircraft, 

would be able to keep the fixed-wing aircraft in the air even though it is not moving forward. 

Large style fixed-wing drones will use combustion engine motors. Wankel rotary engines are often used for 

this purpose, because of their small size, low weight, low vibration and high power to weight ratio. 

A fixed-wiƴƎ ŀƛǊŎǊŀŦǘ ŘƻŜǎƴΩǘ ƴŜŜŘ ŀ ŦƭƛƎƘǘ ŎƻƴǘǊƻƭƭŜǊ ǘƻ ǇŜǊŦƻǊƳ ŀ ŦƭƛƎƘǘΦ CƻǊ ǾŜǊȅ ōŀǎƛŎ ŦƭȅƛƴƎ ƛǘ requires the 

propeller thrust, the throttle, to be configured together with the rudder on each wing. This will allow the 

fixed-wing to pitch roll and yaw. These movements are shown in Figure 15. 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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Figure 15. An illustration of pitch, yaw and roll on a fixed-wing aircraft. 
  

9ǾŜƴ ǘƘƻǳƎƘ ŀ ŦƭƛƎƘǘ ŎƻƴǘǊƻƭƭŜǊ ƛǎƴΩǘ ƴŜŎŜǎǎŀǊȅΣ Ƴƻǎǘ drone fixed-wing aircrafts will be equipped with one. 

This will add a lot of extra features, for example exact positioning and autopilot which will allow the pilot to 

pre-program a specific route. The procurement of a fixed-wing drone for any Arctic mission should 

therefore include a flight controller at any time unless it is solely for training use. 

A fixed-wing 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 natural gliding capabilities with no power as long as the wings will 

generate lift. Fixed-wing aircraft also can carry greater payloads for longer distances with less power. 

Fixed-winged drones traditionally utilize runways for take-off and landing. They can, however, also be 

launched by catapult and land with the help of parachutes. This will make it a bit less difficult for an 

unexperienced user.  
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Figure 16. A large fixed wing drone with high payload capacity. 

 
For longer missions and to carry larger payloads with only minor requirement for precision, a fixed-wing 

aircraft is usually ideal. In Figure 16 the size of a large fixed-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 

fixed-wing and the multirotor technology which will make it able to do VTOL and by the same time gain 

benefit from the fixed wing advantages. This is shown in Figure 17.  
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Figure 17. A VTOL fixed-wing drone ready for take-off. 

 
The fixed-wing 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 first thing one may notice on a drone is the propellers, no matter what type of drone it is. 

Propellers are usually made of plastic, which on the very cheap models tend to be soft and flexible. The 

popular but low ranged priced drones, like DJI Phantom or Mavic models are shipped with plastic propellers 

that are reasonably stiff and non or low flexible. Plastic propellers will do for most of the basic machines 

and missions. They should normally not be replaced with any carbon fibre propellers as the user may not be 

able to take advantage of any increased performance and 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 flex like a plastic propeller will and therefore give the drone a 

very good performance and better efficiency. Carbon fibre propellers are more expensive, and the pilot 

should take extra caution. If a rotating plastic propeller will slice half of a finger, a rotating 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. 








































































































