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i
Summary and Conclusions

Cardiac arrests claim millions of lives each year. The condition can often be treated with a de-
fibrillator, but time is a very critical factor. As a consequence, survival rates are low.

Recent developments in drone technology have made civilian drones cheap, easy to oper-
ate, and reliable. This paper looks into opportunities to use drones to deliver defibrillators to
out-of-hospital cardiac arrest victims faster than an ambulance. The main focus is on unifying
the needs of emergency response with the rules and regulations required to operate the drones
safely.

The study is performed as a literature study combined with interviews. The primary stake-
holders were identified as emergency response and the Civilian Aviation Authority.

The results showed that there was both a perceived use for ambulance drones and a way to
legally use them. The suggested approach involves using ambulance drones at sporting events
such as "Birkebeinerrennet" as a proof of concept, before more advanced or permanent pro-

grams are considered.

Sammendrag

Hjertestans krever milioner av liv hvert ar. Tilstanden kan ofte behandles med hjertestarter, men
er ogsd meget tidskritisk. Som en konsekvens er overlevelsesraten lav.

Nyvinninger innen droneteknologi har gjort sivile droner billige, enkle & bruke, og robuste.
Denne rapporten ser pa muligheter for & bruke droner til 4 levere hjertestartere til pasienter
som fér hjertestans utenfor sykehus raskere enn en ambulanse. Hovedfokuset er pa & forene
behovene for nadhjelp med lover og regler som kreves for 4 kunne fly dronene pa en trygg mate.

Studien er en litteraturstudie kombinert med intervjuer. Hovedakterer er nedhjelpen og
Luftfartstilsynet.

Resultatene viser at det er bade et estimert behov for ambulansedroner, og mater de kan
brukes pé i henhold til loven. Den anbefalte tilneermingen er & bruke ambulansedroner ved
idrettsarrangementer som "Birkebeinerrennet" som pilotprosjekt, for eventuelt mer avanserte

programmer blir vurdert.
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Chapter 1

Introduction

Sudden cardiac arrest is a condition that claims many lives each year, as much as 700,000 in
Europe alone (1). A common rhythm for a heart to be in if a sudden cardiac arrest occurs out-
side a hospital is ventricular fibrillation (VF). This means that the electrical signals in the heart
are stuck in a chaotic state and the heart is unable to contract as a consequence. In a hospital,
doctors would attempt to “reset” the heart using a defibrillator, but these are not available ev-
erywhere. CPR alone is very rarely enough to restart a heart, and is done to keep the victim alive
until a defibrillator and medication can be administered.

Time is probably the most important factor in survival. According to the American Heart
Association(2), risk of death rises by 7-10% for each minute that passes between collapse and
defibrillation. This is reduced to 3-4% per minute if CPR is applied until a defibrillator arrives.
Both CPR and defibrillation are vital for survival (3).

Due to the need for defibrillators to be used quickly, automated systems have been placed
in some heavily occupied areas, such as airports, shopping centers, train stations, and so forth.
These are known as Automated External Defibrillators (AEDs) (4), and are designed to be simple
enough to be used by untrained bystanders, using visual and audio commands to direct the
user. As the name implies, these devices can automatically diagnose and restart hearts that
have stopped due to ventricular fibrillation or ventricular tachycardia.

Another technology that has appeared in recent years is the civilian drone. Remote con-
trolled aircraft such as planes and helicopters have existed for a long time, but in recent years,

autonomous aircraft able to carry cameras and goods have become more commonplace, and
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Figure 1.1: AED (picture from Wikipedia commons)

available to most people. Most importantly however, these drones are able to automatically
navigate to a GPS coordinate, and move at considerable speed. They are also able to bring a few
kilos of payload with them.

Smartphones have also seen a rise in popularity recently, to the point where most people
have one(5). What is important to this paper is that they have internal GPS modules and appli-
cations exist that can automatically share your position will emergency services when you need
help (although not yet in Norway).

These technologies create opportunities to save victims of cardiac arrest by using drones to
carry AEDs to the victims. In theory, this could save lives by shortening the time from collapse
to defibrillation. In practice, however, this concept faces several challenges. Firstly, while all the
components of the technology exist, complete systems have not matured or even been created
at all. This means that systems would need to be developed and cannot be bought complete-
off-the-shelf at time of writing. Secondly, the laws and regulations in Norway put serious restric-
tions on what drones are allowed to do. This means a system would either have to follow these
rules or wait for the rules to be changed. Lastly, there is little data on whether such as system
would actually provide a benefit, how big the benefit would be, or how much it would cost to

acquire and use.
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1.1 Problem Formulation

The purpose of this paper is to perform a stakeholder analysis on the possibility of implement-
ing such a system in Norway. The main stakeholders in such a system is the Norwegian Civil
Aviation Authority (Luftfartstilsynet), and the medical personnel who would use the system and
benefit from it. The stakeholder analysis will be performed as a series of interviews with the
CAA and medical personnel, with the goal of creating a series of recommendations and require-
ments.

The main problem lies in finding a solution that compromises the potential need for drones

in emergency services with the potential dangers for air traffic and bystanders.

1.2 Objectives

The main objectives of this Master’s project are:
1. Find out if ambulance drones could provide a benefit
2. Find out about the risks that could be involved with ambulance drones

3. Create a list of requirements or suggestions for ambulance drones

1.3 Limitations

This is a stakeholder analysis, and the field of civilian drones is rapidly changing and evolving.
It is likely that the technologies involved will have changed within just a short time after writing,

and opinions of interviewed parties are likely to change along with them.

1.4 Approach

This is a stakeholder analysis based on interviews and literature study. Each interview is per-
formed either by phone, skype, or mail, and the questions vary. The basic idea of interview is to
present the opportunities that drones could provide in cardiac emergencies, and ask what they

think are important success factors.
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The interviews will also be used to find more sources of information or more people to in-

terview.

1.5 Structure of the Report

The rest of the report is structured as follows. Chapter 2 details theory and earlier work. Chapter
3 describes the methods used. Chapter 4 discusses the results and presents a suggested ap-

proach, and chapter 5 is a conclusion.



Chapter 2

Theory and Earlier Work

The three main categories in this chapter are drones, hearth attacks and emergency response,
and laws and regulations. Each will be covered in a separate section, with a small summary at

the end.

2.1 Drones

In this paper, I use the term "drone" to describe Unmanned Aerial Vehicles (UAV). The term
could also be applied to ground vehicles, or even autonomous boats or submarines, but I will
focus on flying drones. I also use the term drone and UAV interchangeably.

To understand drones, it is important to understand their military use and history. Histor-
ically, UAVs have been used when a job has been too "dangerous, dirty, or dull" to be done by
people. As early as 1849, unmanned balloons carrying bombs where used to attack Venice(6),
and a kite was used for aerial photography during the Spanish-American War in 1898. In World
War 1 drones were used for target practice and remote controlled bombs. World War 2 saw more
advanced guided aircraft, including tv-guided, gliding bombs. In the Vietnam War drones were
used for reconnaissance, and the modern day drone fills many roles, most notably the hunter-
killer, able to detect and take out targets, while operating nearly autonomously for several hours
and from half the world away.

Military drone systems have mostly been involved in surveillance/reconnaissance and direct

engagement, but has more recently been used to deliver supplies in combat zones. An example
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Figure 2.1: Predator Drone (picture from wikipedia commons)

of this is the Kaman K-Max helicopter(7), delivering towed loads to friendly and hard to reach
outposts. This unmanned helicopter has also been used in firefighting (8), where it automati-
cally identifies hotspots and dumps water on them. It does this by cooperating with a quad-rotor
drone, Lockheed’s Indago, that acts as a sensor platform, providing information about the fire
to fire-fighters on the ground. The system can also operate at night and in heavy smoke, some-
thing manned systems cannot do. This results in 2-3 times as many sorties as a manned system.
The helicopter has also been tested for autonomous casualty evacuation (9; 10). This was done
in tandem with a UGV (unmanned ground vehicle), that navigated to and found the wounded
person (in the test case it was a mannequin).

This paper(11) titled "The Rise of the Humanitarian Drone" tackles the concept of the “hu-
manitarian” drone, as opposed to the military drones that serve as their technological source.
Drones first used in as a humanitarian tool in 1994 in Bosnia, when Gnat 750 drones (a precursor
to the Predator drone) were deployed by the US to monitor NATO convoys.

The “drone war” has created several technological advancements in drone technology. This
opens up opportunities for technology transfer to more humanitarian uses, and can be thought
of as a sort of “war dividend”. One of the main stakeholders in establishing the concept of peace-

ful drones is the drone industry, who are looking to expand to new markets and make up for
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cuts in the American defence budget. Some of the techniques used is a focus on saving lives and
brightly coloured drones (as to be noticeable and non-threatening).

Some of the first uses of drones for non-military uses has been for surveillance, such as mon-
itoring of disaster areas and Search and Rescue (SAR). This task has often been accomplished by
military drone systems, such as the Global Hawk.

Jack C. Chow writes about using drones to deliver aid to hard-to-reach areas in countries
prone to corruption(12). The less people involved in handling supplies, the less chance of it
getting stolen or delayed. It would also make transportation to remote areas where security
is not as good as in population centres safer. The use of drones for “first-strike” against dis-
asters, supply-trains using drones, and constant delivery of, for example, AIDS medication are
discussed as possible use cases. Due to their ability to circumvent traditional channels for aid
(where officials and others in power could control the channel and skim of the top), regimes
might be reluctant to employ drones, as this weakens their control and potential profit.

Drones were used to gather information in for example the Philippines(13), and have been

considered for use in SAR in Norway by the Norwegian Red Cross(14).

2.1.1 Civilian drone technology

For this paper we are interested in civilian drone systems that can navigate and move relatively
autonomously, and that are capable of carrying an AED as a payload. This subsection list a few
such systems.

Several companies have unveiled plans to use drones for civilian commercial use. Ama-
zon.com is an online store, originally dealing in books, and are planning to launch a drone de-
livery service called Amazon Prime Air(15). The system is designed to autonomously deliver
packages under 5 pounds to customers in a 10-mile radius. The system is still in testing, and
much of the work involved is in making the drones cooperate with existing air traffic. Amazon
has proposed a couple of ideas on how to do this. The first proposal(16) involves classifying
drones according to capabilities. Drones with better capabilities would then get access to more
restricted airspace, with urban, BLOS flight reserved for the best drones. Capabilities measured
include how the drone communicate (from radio control to full internet access), collision avoid-

ance (collaborative and non-collaborative), and autopilot navigation (from simple hover to full
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automation). The second proposal(16) is about how to divide airspace, creating different zones
based on altitude, urban/rural, and restricted zones.

A similar concept is Googles Project Wing(17). Again, much of the work is developing an
aircraft control system for the drones. Google plans to use internet and cellular networks to
control the drones, and plans to use a “crane” to lower packages to the ground, as they feel
landing is too dangerous for bystanders.

DHL, a delivery company, are already using a drone to deliver medication and other impor-
tant goods to a remote island(18).

The Linux foundation has launched the OpenRelief program to create a remotely operated
plane to survey damages in hard to reach places(19).

An example of a drone system designed for first responders is Qube(20). This drone system
can fit in a suitcase and is ready to fly in 5 minutes. The system is designed to provide an eye in
the sky at, for example, accident sites (train crashes etc).

An actual, working prototype of an ambulance drone has already been developed by Alec
Momont (21) (22), and was the inspiration for this project. The six-rotor drone can travel at high
speeds (100 km/h) and deliver an AED along with a camera and microphone very quickly to

nearby victims.

2.1.2 Autonomy

In order to be effective, drones should have a certain degree of autonomy(23). A high degree of
autonomy allows cheap drones to provide information to personnel on the ground about, for
example, the location of victims and damage estimation, without having dedicated personnel
to operate the drone, as would be the case with a helicopter.

Getting drones to avoid colliding with each other is an important issue. More drones in use
means more congested skies, and while drones are currently quite good at avoiding stationary
obstacles, they are not always good at sharing airspace. Ian Chipman talks about collision avoid-
ance in a Stanford paper written by Mykel Kochenderfer and Hao Yi Ong(24; 25). The Stanford
Intelligent System Laboratory has been working with NASA to develop an unmanned aircraft
traffic control system. This would function much like an air traffic control system for manned

aircraft, but would be much more automated and cloud based. One of the key aspects of such
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a system is a function that detects possible collisions between multiple drones and alerts them,
along with calculating and delivering new flight paths. By using the number of manned flights
as an indicator, the authors estimate that the US would need 30 000 additional air traffic con-
trollers to deal with just Amazon Prime’s drone delivery service, something they say is just not
feasible. Automated systems are therefore required if the "drone delivery revolution" can take

place. Likewise, we would need such a system for automated AED delivery.

2.1.3 Summary

It is clear that drones, and especially civilian drones, are somewhat immature technology, or
at least rapidly evolving. Big changes and improvements are being made almost yearly, and an
innovative, cutting-edge product now might be obsolete next year. Due to the large number of
products "on the horizon", such as Amazon Prime Air and Google Project Wing, but no currently
operational such systems, it seems that a fully autonomous network of drones is not yet prac-
tical. This looks to be solved in the future, however, so such a system might be implemented
later.

This is also supported by looking at the concept of civilian drones being a "war dividend",
in other words civilian drone technology follows military drone technology. As military drones
have for a long time been about surveillance, and not delivery of goods (not counting the de-
livery of very fast moving, non-lifesaving missiles), we can see that reflected in what civilian
drones are capable of. Few systems are designed with transportation in mind, and most are
built for aerial photography. As military drones have recently begun being used for transporta-
tion, and because civilian drones have become an economic powerhouse of its own, it is likely
that civilian drones for payload transportation will emerge in the same way camera drones did.

The systems that are currently operational are simpler ones, focusing on single drones and
single deliveries, and are manually operated. It seems like such a system would be a logical
starting place for an ambulance drone, as opposed to a more advanced automated or multi-

drone system.
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2.2 Laws and regulations

A new set of laws(26) regarding aircraft without a pilot went into effect in Norway at the start of
2016. The laws where developed to make it easier to operate smaller drones. There are just a few
parts that are important for this paper, and they will be summarized here.

First, the drones we will be using will very likely be over 2.5 kg. This means that we operate
in either the RO 2, or the RO 3 category. RO 2 covers drones up to 25 kg, so this will likely be
sufficient. However, the drone will need to fly over or close to groups of people, and this requires
an RO 3 licence.

We will also likely need our drones to operate beyond-line-of-sight (BLOS), and that requires
special permission, and often either permission from air traffic control, or an issued NOTAM. In
addition, we need permission to carry the AED, which counts as transported goods.

Although the laws regarding the use of drones in Norway are not too complicated, they are
none the less quite restrictive. There are a few make-or-break qualities our drone most likely

must have:

1. BLOS operation
2. Fly over, and land close to, people

3. Take-off on demand, without waiting for approval

The first point seems obvious, as a cardiac arrest happening within sight of the operator
would likely be resolved without the use of a drone, and not operating BLOS would severely limit
range. The second point is also obvious, as landing a drone near a victim would by definition
require flying close to people. Both of these points require a special licence, and often a NOTAM.
This might interfere with point 3, as the approval to take off with the drone needs to be granted
quickly.

It seems like our system needs to be manually operated, at least for the time being, and it
would also need to be used in areas and durations pre-approved by the CAA. The drone we use

will also need to be approved before we can start operating it.
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2.3 Hearth attacks and emergency response

The purpose of the conceptual ambulance drone is to increase the survival rate of out-of-hospital
cardiac arrest (OHCA). There are several factors affecting the overall survival rate(27). 23.8% of
patients survive to be admitted to hospital, but only 7.6% are ever discharged alive. This survival
rate has not changed in almost 3 decades, although it has improved in some areas. Important
factors for survival are; if the events are witnessed by bystanders or EMTs, and if CPR is per-
formed.

This study(28) shows that when adjusting for factors like time-to-CPR and time-to-defibrillation,
survival rates in different areas appears to be the same, further suggesting that these are the most
important factors in survival.

An important concept during out-of-hospital cardiac arrest is the chain of survival(29). The

chain is designed to save life and works by having a series of events happening rapidly:

1. Recognition of early warning signs
2. Activation of the emergency medical system

3. Basic cardiopulmonary resuscitation

1SN

. Defibrillation
5. Intubation

6. Intravenous administration of medications

Itis important that each link in the chain is strong (in other words happens quickly), in order
to achieve high survival rates.

A study on patients with a high chance of survival showed that defibrillation is not as time
critical as CPR or ACLS, but is still vital for survival(30). This study also shows how quick the
chance of survival deteriorates, as mentioned in the introduction.

This study(31), detail the outcomes of early defibrillation by security guards in casinos using
AEDs. The data clearly shows an increased survival to discharge from hospital, and shows that

time is a very important factor. For patients with a shockable rhythm that were shocked within
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3 minutes, the survival rate was 74%. The mean arrival time of paramedics, however, was 9.8
minutes, showing the importance of bystander defibrillation.

Even laypersons can be trained to use an AED(32). This study also showed an increase of sur-
vival to release from hospital when an AED is used prior to arrival of paramadics, again showing
the benefit of earlier shocking.

Another factor that can influence survival is hypothermia (33). Inducing moderate hypother-
mia is associated with better outcomes for out-of-hospital cardiac arrests.

Even though CPR has been proven to be vital to the survival of out-of-hospital cardiac arrest
victims, it is not always given. This study(34), shows that compression are only given 48% of
the time at the scene by paramedics (38% when subtracting time used for defibrillation and
electrocardiographic analysis). Compressions where also shown to be too shallow in most cases.
However, EMTs instructing bystanders over the phone can significantly improve the quality of

the CPR given by laypeople(35).

2.3.1 Hearth attacks and emergency response in Norway

NAKOS maintains a registry of sudden cardiac arrests outside of hospital in Norway. The report
from 2015(36) covers about 55% of the population and had an incidence of 44 out-of-hospital
cardiac arrests per 100 000 per year.

The response time is measured as the time from the first call to the medical emergency hot-
line, until the first ambulance is on site. These numbers are measuered electronically by com-
puter and are considered to be quite reliable. It is important to note the time does not include
time from collapse to the phone call is made, or the time required for EMTs to get from the am-
bulance to the patient. The median response time was 12 minutes, with 23 minutes being the
90-percentile. The numbers are not normal distributed.

About one third of out-of-hospital cardiac arrests are not witnessed by anyone, and about
10% are witnessed by EMTs (already at the scene when the cardiac arrest occurs). CPR is started
before EMTs arrive in about 78% of cases.

This study(37) details the response time for ambulances in Oslo to out-of-hospital cardiac
arrest in the period 1996-1998. It shows a median response time of 7.2 minutes, but importantly

also shows that the response time in central parts of the city (where more cardiac arrests hap-
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Figure 2.2: Response times in Norway
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pen, both relatively and absolutely) was only 3-4 minutes. The response time median in more

suburban parts was as much as 14 minutes.

2.3.2 Summary

There are two very important takeaways for our purposes. Firstly, lives can be saved by using
a defibrillator earlier. Secondly, there is room for improvement in collapse-to-shock times in
Norway.

Ambulance drones fit into the chain of survival by providing earlier defibrillation, and could

assist bystanders in proper CPR with the use of cameras, microphones and speakers.
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Figure 2.3: Response times in Oslo

—— Bydelsgrenser



Chapter 3

Method

This chapter describes the methods used throughout writing the paper, gathering data, and per-

forming analysis. The choice of methods will be backed by research theory.

3.1 Subject and scope

I wanted to do a study where I could use both my skills from computer science, and my contacts
in the health sector, while at the same time being relevant for project management. The inspi-
ration for the subject came from the prototype developed by Alec Momont(22). Although the
concept was valid, there were still many questions to be answered, such as what the costs and
benefits would be, and how the drones would work with existing air traffic. This would eventu-
ally require something like a pilot project, but I wanted to do a feasibility study to find out more
about how to perform this pilot project.

Another reason that I wanted to research ambulance drones was because of the emergence
of delivery drones. Although the technology to deliver small items using drones is quickly emerg-
ing, rules and regulation have not been as quick to catch up. I am working under the hypothesis
that life-saving technology will make legislators more eager to change the rules. This would in
turn pave the way for more mundane task, such as rapid pizza delivery.

Although several promising drone systems for automatic and manual delivery have been
created and proposed, the technology still seems somewhat immature. In addition, most infor-

mation is provided by the companies themselves, rather than a third-party, making it hard to

16
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verify. This is another reason to do a feasibility study rather than a pilot project.
The study is limited to the main 2-3 stakeholder groups, but will try to get a sampling within

each. It will also describe functionality rather than concrete technical details.

3.2 Choice of method

The goal of this paper is to look into the possibility of using ambulance drones in Norway. This
means we should do a feasibility study of some kind. According to Tim Bryce (38), there are six

parts to any good feasibility study.

1. Project Scope
The project scope needs to be well defined. Our scope is not well defined, so part of the
analysis will be to get a better idea of what the scope should be.

2. Current Analysis
What is the situation now? This means an analysis of first response services, which is what
we are trying to improve.

3. Requirements
This could be a list of important features, such as time-to-patient, costs, operating safety
etc.

4. Approach
How to create a viable solution. For example, we might need a pilot project to demonstrate

usefulness and viability.

5. Evaluation Here we evaluate the cost effectiveness of the project. This is going to be diffi-

cult due to the inaccuracy of the information we have available.

6. Review The review should substantiate the thoroughness and accuracy of the study, and

either approve or reject the project based on it. This is beyond the scope of this paper.
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There are several different ways to gather data for a feasibility study. We could gather data
from several similar projects or programs, and do a quantitative analysis. We could pick one or
two and do an in depth case study. However, since there are very few such programs or projects,
we need a different approach. I chose to do an approach based on gathering information from
literature and interviews with potential stakeholders. The interviews would be of an exploratory
nature.

Due to the qualitative nature of the study, certain questions will be hard to answer in this
way, such as estimated cost of a viable solution.

The interviews was performed in two sessions. First, initial interviews was performed to get
an overview of make-or-break features and stakeholders. Then, a second round of more focused

interviews were performed with emergency response and CAA.

3.3 Qualitative Research Interviews

This is partially an interview project, and the interviews are of an exploratory, qualitative nature.

According to(39), a good interview project has seven stages.
1. Thematizing
Formulate the purpose of the investigation. The why and what of the study.

2. Designing

Planning the study. Before performing interviews, plan who to interview and how.

3. Interviewing

Perform the actual interviews.

4. Transcribing
Transcribe the interviews to get a written account of oral interviews.
5. Analysing

Decide on a method of analysis and analyse the transcribed interviews.
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6. Verifying

Verify the validity, reliability, and generality of the study.

7. Reporting

Present the results of the study.

The purpose of the study is detailed in chapter 1, and the design of the interview process is
written below in the next two sections. The transcription was performed real time as the oral

interviews were not recorded.

3.3.1 Analysis Method

The interviews were conducted in a "self-correcting" manner, meaning that they were contin-
ued until a consensus was achieved. The second set of interviews were also performed to verify
the conclusions of the first interviews.

The main analysis technique used was "meaning condensation", in order to extract the rel-
evant information from the interviews in a shorter form.

As the goal of the interviews was to get feedback on ambulance drones, the technical de-
tails were provided by the interviewer. In the first round of interviews, the details were kept
general, but the conversations naturally revolved around about 3 different variations of ambu-
lance drones. These variations were then refined and used as a basis for the second round of

interviews.
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3.4 Initial interviews

The initial set of interviews were performed to get an understanding of what various medical
personnel thought of ambulance drones as a concept, and also what the CAA thought of it. I
used my primary contacts in the medical sector to get the initial list of people to interview. In

addition I reached out to the CAA.

3.4.1 Structure

The structure of the first interviews were kept very simple:

1. Explain the basic concept of an ambulance drone
2. What do you think about this as a concept?
3. What is important to focus on?

4. Who else should I talk to?

The concept was simply described as "a way to get an AED to a scene faster than an am-
bulance using a drone". The technical aspects were intentionally left out. When interviewing
people regarding innovation in the health sector, some additional questions about how this is

done were asked, such as how to get money, who can provide assistance and so forth.

3.4.2 People interviewed
1. Innovation in the health sector - two people in the ministry of health
2. Emergency medicine - Three doctors

3. CAA - One person

3.5 Second interviews

The purpose of the second set of interviews was to get a more detailed response on some more
specific concepts based on feedback from the first round of interviews. Only one person in

emergency services was interviewed, and one in the CAA.
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Three different systems where described to the interviewee, and they were asked what they
thought of the systems, especially how useful/feasible they thought it was, along what they con-

sidered make-or-break conditions.

3.6 Summary

This is a feasibility study performed both by analysing literature and by performing qualitative
research interviews with the main stakeholders. The goal was to find out what benefits ambu-
lance drones might provide, along with the risks and challenges involved. The interviews were
performed in two rounds, one discussing the basic concept, and a follow-up round discussing

more specific implementations.

3.6.1 Discussion

The literature study found plenty of relevant studies to use on both cardiac arrest and laws and
regulation. However, there was less information to be found on drones. This can be explained
by the relative immaturity of the field. Much of the information available on complete systems
was provided by the creators of the system, as they had not yet been completed or been tested
by third parties. This makes it hard to verify the accuracy of the information.

Although the main stakeholders responded to requests for interviews, it would have been
preferable to get a wider sampling of interview subjects. Specifically, I reached out to law en-
forcement and 3 different companies that produce drone systems similar to ambulance drones,
without getting a response. The drone companies could have given valuable insight about tech-
nical challenges and costs, and law enforcement could have provided insight into their side of
emergency response.

The transcription was performed by writing down key words and sentences while interview-
ing over the phone. This was done as I did not have the proper equipment for recording, nor

knew about the legality of recording when the interview process started.



Chapter 4

Results and Discussion

The purpose of this paper is to create recommendations and suggestions for ambulance drones,
based on literature and interviews. This chapter will present the results form the interviews and
discuss the findings, and present a recommended approach.

The literature study revealed a few very important things. First, cardiac arrest deaths can be
reduced by faster application of defibrillators, and there is room for improved response time in
Norway. Second, drones have been shown to be able to accomplish this task, although mostly
though prototypes and other early tests. Third, the laws in Norway do allow for the use of drones
for these purposes, but they are very restrictive.

It is also revealed that both laws and regulations and available technology favour simpler,
manually operated systems, where flight can be pre-approved by the CAA, in areas outside of

restricted airspace. This is also where some of the areas with high response time are.
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4.1 Initial Interviews

4.1.1 CAA

Luftfartstilsynet was positive to the idea of using drones to deliver AEDs, but had concerns when
it came to safety, legality, and interaction with other aircraft, both manned and unmanned.

At time of writing, drones cannot normally be flown out of sight of the operator. Having to
follow this demand severely limits the usefulness of ambulance drones, the range would be to
short.

However, there is an exception to the rule if the drone stays below 120 meters AGL and the
flight is registered some time prior (usually the day before) as a NOTAM. This could be useful
at events such as Birken or Oslo Maraton, where the drone flight could be registered before the
event.

The CAA were also positive to changing the rules to accommodate emergency drones and
other fully autonomous drones, but stressed that before the rules could be changed, these sys-

tems would need to be shown to be safe. There are a few issues that need to be solved:

1. Drones aware of other drones

Today, drones are good at navigating and avoiding stationary obstacles, but not at coop-
erating with and avoiding other drones. This would need to be handled if drones should

operate in shared airspace.

2. Drones aware of manned aircraft, vice versa

Drones should never pose a threat to manned aircraft. In this scenario we would very
likely see conflicts between ambulance drones and ambulance helicopters. A helicopter
should be able to land without worrying about a drone being in the way. This could be
done by having the drone move away, or by filing a NOTAM, or by using a transponder on

the drone.

3. Flyreliably and safely

The drones need to demonstrate that they can fly safely with an AED without being a

danger to bystanders on the ground.
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4.1.2 Innovation

In Norway, hospitals are required by law to conduct research. However, this does not apply to
"innovation", which is what developing and using ambulance drones is. Rules for innovation in
hospitals are currently being developed, along with indicators to measure it.

There are groups at for example Ulleval that work with new ideas, and it is possible to seek
funding for such endeavours.

The most important thing to establish when presenting a concept or an idea is a thorough

cost/benefit analysis.

4.1.3 Emergency response

Emergency response and medical personnel where positive to the concept, but said that it would

likely be a while before it is put into use. Several important factors where identified:

1. The drones must beat the response time of ambulances by some margin. The response
time in Oslo is 7-8 minutes, maybe 10 on average. About 80% are inside peoples homes,
AED/drone needs to be able to enter, meaning the drone must be small, or the AED de-

tachable.

2. The drones must not distract from CPR. This means that if only one person is assisting
the victim, stopping CPR to retrieve the AED and apply it would in most cases be counter-

productive.
3. A speaker, camera, and microphone would be helpful to direct bystanders.

4. If medication is included, it needs to be locked electronically so it is not administered un-
timely. This means that an operator decides whether or not to make medication accessible
for bystanders to administer. Medication could include heroin overdose nose spray and

epinephrine.

Interviewees also agreed that large, outdoor sporting events would be a good place to test

the concept. For example, Oslo Marathon often has at least one heart attack. But the crowds
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are often to big to allow first responders to reach the victim. Drones might be able to get there
faster.

Norway is currently implementing an "AED registry" to be used by emergency operators.
The registry will contain information about where to find AEDs so that bystanders can be di-
rected to retrieve them. Experiences from other countries, however, show that operators are
often unwilling to trust this information. They cannot trust that the AEDs have not been moved,
that they are not broken, or that the batteries are still charged. In addition, time might be wasted
trying to find it. The AED registry program in Norway is concerned with creating trust in the
system, and ambulance drones might help create that trust. This would in turn require the am-
bulance drones to be reliable.

Using drones to get an overview of the site of an accident was also highly sought after. It
would be beneficial to cooperate with police to achieve this, and having a drone arrive before
personnel would be preferable.

Other suggestions were drones carrying geiger-counters, drones used to search buildings
and tunnels that are on fire, and seach-and-rescue (SAR) drones. Some hospitals are already
planning to use drones to transport blood samples for analysis, a task that today requires an

expensive taxi-service.

4.1.4 Discussion

The interviews seem to back up what we found in the literature study. For example, they agreed
that faster access to AEDs could increase the chance of survival, and that response time could
always be improved, especially in certain areas. This was further expanded upon by emphasis-
ing that the system must not distract bystanders from performing CPR, and the AED needs to be
able to enter buildings, along with several other suggestions.

The CAA also expanded upon what I found in the literature study. While stating that the laws
must be followed, they also said that laws are constantly changing, and that if you can prove
sufficient safety, very little is impossible to get permission for eventually.

Almost everyone interviewed, in emergency response, CAA, and innovation, stated that prov-
ing the concept works is important. Emergency response wants to be shown a benefit, the CAA

wants safety to be demonstrated, while innovation is concerned with the combined Cost/Benefit.
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4.2 Second Interviews and Suggested Approach

Based on the literature review and the first round of interviews, three concepts where developed.
These where then discussed in the second round.

The suggested approach is based on these three concepts, starting off simple with the first
concept before getting more advanced. The purpose of each is to gather data on effectiveness

and cost, and of course to hopefully save lives

4.2.1 Concept 1: Manual drone system at large, outdoor sporting events
Description

The simplest and most realistic option was one proposed by several of the people interviewed in
round one. The idea is to have a manually operated drone with an AED standing ready at large
sporting events like "Birkebeineren" and "Oslo Maraton". During these events there is often at
least one cardiac event, and due to the crowds and distances involved it can be difficult to get
paramedics to the victim fast enough.

The system would be manually operated by a team under the control of the people managing
the event, or a group hired to act as first responders for the event, such as the Red Cross. This
means that the national emergency response services (AMK) are not involved with the drone,
but that it is controlled locally specifically for this event. It would have to be able to carry an
AED over several kilometres, fly beyond-line-of-sight (BLOS), and land close to and fly over large
groups of people. It also needs to be quick enough to beat for example snowmobiles to the
location of the victim. In urban environments, such as Oslo Maraton, it will need to be able to

navigate buildings and wires etc.

Emergency Response Feedback

This concept is feasible and might provide a benefit. The sporting event needs to be widespread
enough to make the drone useful, such as a marathon or other long distance event. In an arena,
for instance, the drone would not be useful.

This is a sort of a "proof-of-concept"-phase, and thus there are a few things that must be

achieved. The system must show that it is safe to operate close to crowds, and measure the
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difference in time between drone delivery of AED and alternative methods (likely what the event
was doing prior to using drones). Due to the fact that there aren’t many cardiac arrest per event,
data from more than one would be needed, and having the drone operational at around 10

major events would likely yield useful data.

Civilian Aviation Authority Feedback

The drones will need to be in good technical condition, on par with micro-light aircraft. This
is because the drone will likely need to fly above and close to crowds, and the risk of a drone
falling on someone needs to be minimal. Due to the high quality the drone needs to maintain,
it is likely only achievable by a professional company. It is also important to establish a clear
protocol to ensure that drones do not collide with ambulance helicopters, either responding to
the same scene or others in the area. A NOTAM must be issued, and the drone must fly beneath

120 meters AGL.

Discussion

This was the most requested idea during the first round of interviews. It is also possible to
achieve with currently available drone systems, and legal by Norwegian law. It should there-
fore be a good place to start.

The first thing to consider is the drone. It needs to be able to fly fast, BLOS, and of course
carry an AED. The drone would need to demonstrate the same safety as a microlight aircraft.
This means that not only does the drone need to be well tested and of good quality, but we
also need maintenance logs, qualified pilots, flight logs, operational procedures and so forth. In
other words, we need a qualified team to manage the drone.

Once this is done, we need sporting events to attend. This could be done either by cooper-
ating with the organizers of the event, or with someone providing first aid at such events, like
the Red Cross. The team operating the drone is placed under the command of the first aid team,
and should have an EMT with them. An EMT could guide bystanders to better CPR according
to(35).

The chain of communication would involve bystanders and the first aid team, meaning au-

thorities would not be involved with the operation. However, we do need to issue a NOTAM,
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since we need to fly BLOS. Another problem we need to address is conflicts with ambulance
helicopters, responding to the same incident or another one nearby. This means we need to es-
tablish procedures and channels of communication with AMK, to avoid any chance of collision.

It is also very important to log everything, as this is first and foremost a proof-of-concept.
Conclusions on costs and benefit could be made after data is gathered from a number of events

(N around 10 has been suggested).

4.2.2 Concept 2: Manual drone system covering a popular ski-area during

the ski-season
Description

This is a manually operated program running for a season (or more) in one specific area known
to be a problem. This means areas where response times have been historically shown to be
high, and where there tends to be a lot of people certain parts of the year. Nordmarka in Oslo in
winter is used as an example.

A team would operate one or more drones from a central location, and would be under
the jurisdiction of national emergency services (AMK). That means if someone calls for help,
it would be up to emergency operators to decide if a drone should be dispatched.

The drones would have to fly BLOS and land close to people, and would of course have to be

able to carry an AED and fly quickly.

Emergency Response Feedback

Also a feasible concept, as the program could be run during normal daytime ours when most
people would be in the area. This would allow for a normal "8-5"-operation and would be
cheaper and easier to accomplish than a full time program.

We need a system to locate the victims, who would most likely be close to prepared tracks
and might have a phone with GPS. The calls would also go through 113, meaning a resource
coordinator at emergency services would decide whether or not to dispatch a drone. This does
not differ too much from current practices when, for examples, snow-mobiles are dispatched in

similar situations.
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Itisimportant to find an area and season with a lot of people, such as a popular cross country
ski area during Easter or winter vacations. Helicopters that often respond to these areas often
use 20 minutes to reach victims, and locally placed drones could easily be quicker.

A make-or-break requirement would be to get Akuttmedisinsk kommunikasjonssentral (AMK)
invested in the idea. They will be the ones who make the decision to use the system, and when

to dispatch drones, so their support is vital.

Civilian Aviation Authority Feedback

This might be covered by a different set of laws, as it is a government run program. Otherwise,
the same requirements apply as for concept 1, other than that you might have to create a re-
stricted airspace, rather than filing a NOTAM if the program lasts for more than 3 months. This

could therefore be more expensive and require more time in planning.

Discussion

This concept could follow-up project if data from the first trail justifies it. The requirements are
mostly the same, with a few exceptions. Firstly, we need a extended NOTAM, or even establish
a restricted airspace. Secondly, our chain of communication goes through AMK and emergency
services.

We therefore need cooperation with, at least local, emergency services, who would be in
charge of the program. A resource coordinator would decide whether or not to dispatch a drone,
in the same way snowmobile patrols are sometimes dispatched.

Victims would be located in the woods or mountains, and might be hard to find unless by-
standers can accurately describe their location. GPS coordinates would be very useful, and hav-
ing a system where smart-phones can automatically share their location with emergency ser-
vices would be great. This is a reworking of existing infrastructure, however, and is way beyond

the scope of this project.
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4.2.3 Concept 3: Automatic system covering a major city
Description

This is the most advanced version of the concept, and would consist of an automatic network of
drones covering a city. The emergency operator can dispatch a drone by the push of a button,
and the drone navigates (either automatically or manually, likely a combination) to the victim.
Base station around the city would house drones ready to take off with charged AEDs, and tech-
nicians would recover them at the scene.

The system would require a high degree off automation beyond simple BLOS flight, and
needs to be aware of other drones and helicopters. It would also operate in an urban envi-

ronment, always flying above people and buildings.

Emergency Response Feedback

This is clearly a more advanced system, at requires a bit more to get it to work. Firstly, a number
of backing systems need to be in place, including systems that automatically share GPS position
with emergency services, and drone control systems. Secondly, the system is unlikely to be
used if emergency operators have to manually dispatch it. The system should therefore require
minimal-to-no action required by AMK personnel.

The system might be a way to complement the AED registry currently being developed, cre-
ating more trust and flexibility. It also absolutely requires support with AMK, to an even higher
degree than concept 2.

Since the system is automatic, all data on arrival times, collapse-to-shock, bystander perfor-
mance etc can be recorded, and provides a great source to perform a range of studies, even after

just a year of collecting data.

Civilian Aviation Authority Feedback

This is not possible according to the current set of drone laws, which do not allow for complete
automation. However, several sectors wish to use automated drones, for example for inspection
of pipelines, and the CAA are open to changing the rules once these systems can demonstrate

safety.
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If the rules would allow for a partially automatic system, it would need to be of a very high
quality to be allowed to operate in urban environments, and would need special attention to the
landing, as both traffic and bystanders create an unpredictable environment. The drone would
also need to be equipped with an ADS-B (a transponder), relaying its position to nearby aircraft

and personnel on the ground.

Discussion

Although this is the most versatile system, capable of saving the most lives, it is not yet legal to
operate and no systems have been demonstrated that fulfil the requirements. We also need a
set of supporting systems, mostly software infrastructure. For example, we need a system that
automatically shares GPS coordinates with emergency operators, and therefore also with the
drone control system.

In short, we need an upgraded or new emergency network, and implement a citywide drone
control systems, along with rules governing it, such as the proposals by Amazon(16)(40). This
would be very expensive if done solely for this project, but many of these systems have other
uses and are already being considered, so this concept would not have to field the cost of creat-

ing them.
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4.3 Feasibility Study
This approach answers the six parts of a feasibility study as follows.

1. Project Scope
This approach starts with a very small scope, and extends it gradually.

It is likely that the scope of each concept would decrease over time, as off-the-shelf drone

systems become more advanced and reliable, requiring less work on our part.

The simplest concept can be roughly sized up as follows: We need to modify, build, or
buy a drone with an attached AED. We need to show sufficient safety to the CAA, meaning
maintenance logs, pilot certification etc, and get the necessary licences. The easiest way
to accomplish this might be to outsource the operation of the drone. We need to estab-
lish communication protocols with CAA to avoid conflicts with ambulance helicopters.
We need to cooperate with first aid teams at sporting events, being incorporated into the
chain of communication. We need to file a NOTAM for each period of operation. Lastly,

we need a system to record data.

The second concept is pretty much the same as the first, but with a more ongoing opera-

tion and a tighter cooperation with AMK.

The most advanced concepts involves upgrading and creating several support systems,
and the cost would be prohibitive if factoring in the cost of these systems. However, these
systems would provide benefits on their own, and might be implemented on indepen-

dently.

2. Current Analysis

First response today consists mainly of ambulances and helicopters, with a few excep-
tions like snowmobiles. Response time vary from less than 5 minutes in central urban
areas to 20-30 minutes when helicopters respond. There are AEDs placed in various loca-
tions and an AED registry currently in the works. Apps have also been developed to direct

bystanders to these AEDs, although they are not yet in use.



CHAPTER 4. RESULTS AND DISCUSSION 33

The current situation also shows that the survival rate for cardiac arrests is quite low, but
also shows room for improvement. For example, a study from casinos(31) shows that very

quick defibrillation vastly increases survival rates.
Also, there is a wish from both the drone industry and emergency response to use drones
in emergency situations.

3. Requirements

We have discovered a number of requirements and suggestions.

(a) Drone technical quality, maintenance etc. on par with microlights
(b) Drone must be capable of BLOS flight

(c) Drone must be suited to fly over and land close to groups of people
(d) Drone must be able to carry an AED

(e) Drone must be faster than EMTs by some margin

(f) System should not distract from CPR

(g) Include speaker, camera, microphone to direct and assist bystanders

(h) Medication, if included, must be locked in such a way that it cannot be administered

without a medical professional granting access to it
(i) AMK must be involved and invested
(j) Start with a simple, manual system before creating more advanced systems

(k) Create a system to collect data about response times, survival rates etc.

4. Approach

See suggested approach above.

5. Evaluation

Whether or not the project would be cost effective is hard to evaluate. The costs of a work-
ing system changes rapidly, and operational costs should be measured against other solu-
tions that save the same number of lives (or quality adjusted living years, or similar met-

ric).
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Benefits are easier to estimate accurately. We have accurate data on number of cardiac
incidents(36), how survival rates change when collapse-to-shock times change(2), and we
can estimate lives saved by factoring in the incidents the system should respond and the

estimated improved response times.
However, more accurate estimates of both costs and benefits are needed before a useful
evaluation can be performed.

6. Review

This is beyond the scope of this paper.



Chapter 5

Conclusion

All the people interviewed for this paper were positive to ambulance drones in some form. The
two biggest obstacles are legality and technology. Simpler versions of ambulance drones have
already been created, and are already legal to operate, but more advanced versions will take
more development. When they can demonstrate sufficient safety in their operation, laws can be
changed to accommodate them as well.

In the next sections, the research questions will be answered.

5.1 Find out if ambulance drones could provide a benefit

Ambulance drones can provide a benefit by shortening the time from collapse to shock during
cardiac arrest incidents. They are best used in areas and situations with high response times

with no AED close by.

5.2 Find out about the risks that could be involved with ambu-
lance drones

The main risks involved are concerned with flying quite heavy drones at high speed close to and
above bystanders, as well as sharing airspace with ambulance helicopters and other air traffic,

both manned and unmanned.

35
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5.3 Create a list of requirements or suggestions for ambulance
drones

Perhaps the most important thing do demonstrate in a pilot project is a good cost/benefit anal-
ysis.

The suggested approach is to have a manually operated ambulance drone at large, outdoor
sporting events. Gathering data from several events should be enough to justify a more ad-
vanced concept, which could be a seasonal program covering a popular cross-country skiing
area.

The most advanced concept, a fully (or mostly) automatic system covering a city, delivering
AEDs automatically when a cardiac arrest is registered. This system is neither legal, nor has there
been demonstrated a complete technical solution. It would also require upgrades to existing

systems.

5.4 Further Work

This paper has described several different potential pilot projects. Further work would likely
involve developing a drone and then performing one or more of these projects. It would also
be useful to study other uses for drones in emergency situations, such as search and rescue and

law enforcement, as there is likely some overlap in both technology and regulation.



Appendix A
Acronyms

AED Automatic External Defibrillator
UAV Unmanned Aerial Vehicle

UGV Unmanned Ground Vehicle
CAA Civilian Aviation Authority

AGL Above Ground Level

NOTAM Notice to Airmen

SAR Search and Rescue

OHCA Out-of-Hospital Cardiac Arrest
CPR Cardiopulmonary resuscitation
ACLS Advanced cardiac life support
BLOS Beyond-line-of-sight

AMK Akuttmedisinsk kommunikasjonssentral
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