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EXECUTIVE SUMMARY

The Arctic is potentially a faster, more direct route between ports in Europe, eastern North America,
and Far East Asia. However, because of climate change, many glaciers have been rapidly melting,
accelerating the process by which chunks of the Greenland ice sheet break off and float away forming
icebergs, which pose a significant danger to shipping vessels. Unmanned Aerial Vehicles (UAVs) or
drones is a key enabling technology for Arctic aerial navigation. Drones offers potential advantages
such as high endurance, reduced cost, increased flexibility and availability, rapid deployment, higher
accuracy or resolution, and reduced risk for humans and negative impact on the environment. A long-
range drone completed with ice protection systems and infrared cameras mounted in a stabilized frame
could be used for detection and tracking of potentially dangerous icebergs. The shipping companies
can use this information to find safer and shorter routes, which will eventually reduce the operational

cost significantly.

In this report, we provide a list of operational risks, procedures, limitations, and recommendations to
safely operate UAVs for Arctic operations. The report is based on our flight tests conducted in Greenland

in November 2019.

Due to safety considerations, unfortunately one of project the plans which was to test the drone from a

moving ship cannot be done. Our main concerns include:

The presence of magnetic field in the ship can interfere the drone navigation system. The risk is

high if the navigation system is not working properly since Orasila carrying flammable materials.
The average wind was 15 m/s at the testing site which make it unsuitable for testing.

However, we able to simulate the condition and do the testing at Lindg Industrial Park.
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Introduction
MOTIVATION

The physical environment of the Arctic can be extreme, with freezing temperatures and severe winds,
seasonal darkness, ice, sudden changes in weather conditions, and vast distances. These factors have
made the Arctic one of the least developed and most under-invested regions in the world. However,
with the current retreat of Arctic sea ice, the harsh and pristine Arctic environment is gradually opening
for commercial activities. The Arctic holds large quantities of minerals, including rare earth metals
essential for modern technology. Furthermore, as the Northeast and Northwest passages become
more accessible, maritime traffic in the Arctic may increase in the medium to long term. The Arctic’s
new accessibility will not only bring more trade, tourism, and scientific research, but it also means
higher risk of pollution, man-made disasters like oil spills and shipping accidents, and illegal activities
like illegal fishing and hunting. Due to the importance of the Arctic to the global climate, every activity
done in the region needs to follow the Polar Code set by the International Maritime Organization (IMO).
The goal of the Polar Code is to ensure safe operation and protection of the Arctic by addressing risks
present in polar waters. The EU has a strategic interest in developing its scientific relevance as well as
its geo-strategic, political, and economic role in the Arctic region. This is manifested in the European
legislation such as the EU Integrated Policy for the Arctic (2016/2228(INI)) and the European Territorial
Cooperation (ETC) objective such as the Northern Periphery and Arctic (NPA) Program. The 2016 joint
communication regarding the EU policy for the Arctic has a clear emphasis on the issues specific for the
European Arctic. In particular, it focuses on sustainable Arctic maritime economic growth and launches

a process of identifying and developing its relevant Key Enabling Technologies.

The development of technologies suited for long-range Arctic missions, such as finding shorter and
safer shipping routes, geological survey for undiscovered rare earth elements, delivering medical sup-
plies to remote areas, Search & Rescue (S&R) operations, surveillance & reconnaissance, and tracking
Arctic ice and vegetation for climate change study, are important but difficult challenges. Resilient Un-
manned Aircraft Systems (drones) is a key enabling technology for such missions in the harsh Arctic
environment. Unmanned Aircraft Systems (UAS) offer advantages over manned aircraft, such as high
endurance, reduced cost, increased flexibility and availability, rapid deployment, higher accuracy or res-
olution, reduced risk for humans, and reduced impact on the environment. According to the European
Commission (EC), the UAS industry could account for an estimated 10% of the EU aviation market

within the next 10 years and create 150,000 jobs in the EU by 2050.
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OVERREACHING AIM AND GOALS

The overreaching aim of this project is to develop a concept for real-time aerial data acquisition system

for Danish Arctic shipping companies.

This mission has two goals.The primary goal is to learn more about the limitations of operating drones

in very cold environments.
Main questions are:
How is equipment holding up to extreme cold?
Is flight time reduced in the cold?
How does operators handle working in very cold conditions?
Will the drones be susceptible to icing or other cold related hazards?

The secondary goal is to collect Image data of Icebergs and Ice formations in the waters west of llulissat.

To this end, RGB video, RGB Stills and RGB/FLIR images and video will be captured.

EXPECTED OUTCOME

The expected outcome of this project is a list of recommendations and UAVs specifications for Danish

Arctic shipping companies, which will use UAVs for aerial data acquisition.

PROJECT PARTNERS

Svendborg International Maritime Academy (SIMAC) has experience with flying drone in the Arctic
from a moving vessel. They are assisting the development in terms of specific requirements and

practicality.

MH Simonsen provides a vessel for testing. The company has one vessel, which regularly sail the

Arctic routes around Greenland.

PROJECT ACTIVITIES

The project consists of the following activities:

Two type of drones are considered: a fixed wing with Vertical Take-Off and Landing (VTOL) tech-
nology and a rotor-craft. Each has its own advantages. A fixed wing drone has more efficient
aerodynamics that provide the advantage of longer flight duration at higher speeds thus enabling

larger survey areas per given flight. The biggest advantage of rotor-craft drones is the ability
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for takeoff and land vertically. This allows the user to operate within a smaller vicinity with no
substantial landing/take off area required. SIMAC was assisting the development based on their
experience in flying drones in the Arctic. We use commercial off-the-shelf drones from DJI: DJI
M210 and DJI Mavic. The drones have thermal camera and completed with icing protection sys-

tems.

Sensors integration. Thermal camera together with redundant sensor system, such as GPS,
IMU, Lidar, and radar need to be integrated in the UAVs. This activities were take place at SDU

integration lab.

Flight tests. Two flight tests were done at H.C. Andersen airport before the final test in Greenland

by MH Simonsen.

Sensor data analysis. Aerial data need to be processed in order to obtain meaningful information.

Data analysis was done at SDU.
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Flight Tests in Greenland

The tests were conducted in llulissat, Greenland in November 2019 to collect data on drone perfor-
mance in Arctic Conditions and collect image data of Icebergs and Ice formations. Here, we describe
an outline of the mission with risk assessment, flight geometry and restrictions. The operation was car-
ried out under “bydronebekendtgarelsen” and applying the rule that we can fly up to 40 meters above

runway altitude until 2 kilometers from the runway.

OPERATIONS PLAN

Since this is a challenging mission, the team uses an iterative approach to build confidence in the

equipment and learn more about limitations and challenges working in extremely cold environments.

Stage 1 is close vicinity VLOS missions over land at low altitudes. This is to see if the drones show
any signs of problems when used in the cold. The team observes performance degradation, icing and
other cold related issues. Stage 1 also focus on how the operators stand up to working in the cold. The
mission has set conservative limits to how long an operator can stand still, and we evaluate if these are
sufficient or maybe too conservative. Each operator evaluate how cold they felt during the operation. In
addition we capture FLIR images of the operators hands and face before and after the operation to see
if the clothing is standing up to the extreme cold. We also measure body temperature before and after
operations with an ear-thermometer to see if the operators body temperature drops during operation.

This data collection are done at all stages of the mission.

Stage 2 is close vicinity VLOS flights at low altitudes just off the coast. Purpose is to challenge the
operators and practice image gathering before moving to stage 3. In this stage, operators collaborate

so that one is flying the drone and one is operating the Camera.

Stage 3 is full range and altitude VLOS missions in the waters west of llulissat. The operation try to get

close to Icebergs and Ice formations to capture detailed image data.

DATA COLLECTION AND REPORTING

After each operation day, the operators write a report detailing the operation of the day. This report

contain following:
Did you feel excessively cold?

Was is possible to assemble and operate the drones in the cold?
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Did you observe any signs of performance degradation in the drones?
Any other relevant observations?

In addition, relevant data from the operation are to be collected and placed in storage immediately after

operation completion:
Images and video from the operation.
Log files from crafts. These contain flight times, temperatures, error messages, etc.
Other data collected (FLIR Images of operators, Ground images of operations area).

In case of incidents the operation is aborted immediately. If a drone is lost (flyaway, ditch over water),
the control unit log must be saved as well. All drones must cache video and photos on the control unit

if possible.

DISPENSATIONS AND PERMITS

A dispensation from Trafik-, Bygge- og Boligstyrelsen (TBST) to allow drone operations in Greenland
based on drone license and bydronebekendtgerelsen need to be applied before conducting the flight
tests. This is a formality, and TBST has indicated that the dispensation will be issued before the op-
eration takes place. Local police in llulissat has been notified of the operation in accordance with
Bydronebekendtggelsen and had no objections. The Control Tower at llulissat was also be notified,

since the operation is conducted close to the 2 kilometer border.

OPERATIONS AREA

In the below mission map (Figure 1), we put 2 primary takeoff locations just outside the 2 kilometer
distance to the runway. The runway is at an elevation of 27 meter above mean sea level, so this
operation will have option to fly at altitudes up to 67 meters above mean sea level. The main operations

area is the coast and waters west of llulissat — the green polygon in below map.

Takeoff locations 1 and 2 is the primary takeoff locations, and they are situated just outside the 2 km
radius to the southern tip of the runway. This location is easy to reach on foot and is very close to the
hotel that the team will be staying in. Takeoff location 3 is backup in case that operations from 1 and 2
gets limited. This can only be reached by car (taxi). Red Polygon shows the nature conservation area
around llulissat Icefjord. KMZ file is attached to this document, and can be loaded in Google Earth for

more detail.
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Figure 1: Operation area.

RESTRICTION AREA - DJI FLYSAFE

DJI flysafe puts a restriction around llulissat airport, shown in the map below. SDU has sent an appli-
cation for a custom unlocking license for this mission based on the fact that it can be performed legally
under Bydronebekendtgarelsen by applying the rule that allows to fly up to 40 meters above runway

altitude at up til 2 kilometers from the runway.
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Figure 2: Restriction area.
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RISK ASSESSMENT

The mission is not overfly residencies or people that is not part of the operation. Operation is flown close
to the cost and out over water. It thus carries a very low ground risk. The air risk is also low, due to low
activity at llulissat Airport. (One daily route flight in and out by Air Greenland, and very few VFR flights,
mostly helis, at this time of year). We contact local traffic control to advise of the flights and establish a
communications channel to the Control Tower at llulissat Airport. With the low ceiling of operation, the
air risk is further mitigated and operation can be done within the confines of “bydronebekendtgearelsen”

by applying the 40 meter rule.

WEATHER AND LIGHT CONDITIONS

llulissat is north of the Polar circle and average day temperatures is between -3 and -13 degrees. Days
are short and weather can change very rapidly with low temps at -17C. The pilots are issued extra
clothing (boots, gloves, undervear, headwear) to supplement the standard issue. Winter clothing issued
to test center staff to make it suitable for working in temperatures down to -25 degrees. Operation
requires 2 persons to make sure there is adequate backup in case of harsh weather conditions or

accidents or incidents. Cold weather and frost related injury is the main risk for personel on this mission.

ILULISSAT ICEFJORD

llulissat Icefjord is a World Nature Heritage site, and protected by law. Drone operations is not possible
in that area without special dispensation, but the designated operations area does not conflict with the
protected area and no flights will be conducted in the protected area. Below map shows the protected

area. Drone operations are NOT be conducted in the protected area.

BASE OF OPERATION

The team stays at the Hotel Arctic. It is the only real hotel in llulissat, and it has an ideal location very
near to the 2 primary takeoff locations which can be reached on foot in 3-5 minutes. This also provides
close refuge in case of rapidly deteriorating weather conditions. The fact that the 2 primary takeoff
locations can be reached on foot also means that there is no need for a rental car. In case the team
needs transportation to Takeoff 3 or other relevant locations, the local Taxi or hotel shuttle service can

be used.
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Figure 3: Restriction area.

EQUIPMENT

The team brings 3 drones: DJI M210, DJI Mavic2 pro and DJI Mavic2 Enterprise dual.

Each team member is equipped with standard issue winter work clothes for test center employees
and this is supplemented with boots, gloves, underwear and head-wear to make it suitable for Arctic

conditions. This allows working in conditions down to temperatures of -25C.
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