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insights with me.
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EXECUTIVE SUMMARY

In the previous decade, a new type of air travel
has seen a surge of interest from established
and start-up companies alike: Air Mobility, a
type of short range air travel as an alternative
to taking the train or the car. Part of air mobili-
ty are a new type of aircraft, called Electric Ver-
tical Take-off and Landing vehicles (eVTOLs),
which hold potential for many new use cases.

Design agency Modyn wants to profile them-
selves within the field of air mobility through
a vision concept for an ambulance drone. This
use case, they reckoned, would be a good star-
ting point for Air Mobility and eVTOLs, as it at-
tracts more public acceptance than commer-
cial use cases, such as an air-taxi service.

Modyn's vision project was turned into this gra-
duation thesis: an ambulance drone concept
for the scope of 2035. Far enough in the future
to capture the imagination, but near enough
for it to relate to our present day reality in 2021.

Keeping the project grounded was one of the
main challenges. It required a good under-
standing of the current ambulance system in
The Netherlands. Which was the first research
subject. A visit to ambulance station Delft and
interviews with people from the field were all
valuable input.

After establishing the current status quo, a
look into the future was taken. Here, plans to-
wards Air Mobility were investigated, in order
to see how much The Netherlands is interested
in this idea. The influence of technological and
societal developments that relate to Air Mobi-
lity were plotted on a timeline, creating a road-
map towards 2035. This roadmap would create
an input for the technical architecture of the
ambulance drone.

Having a good picture of the present and a po-
tential future, the research was distilled into
a vision and a mission. The focus now clearly
went towards using ambulance drones to re-
place the current ambulance helicopters. Also,
the design challenges were identified and a
program of requirements was compiled.

The design phase started off with the ideation,
in which Virtual Reality was used to generate
interior layouts. The interior is the most funda-
mental part of the design, as it is responsible
for 90% of the interactions that the users have
with the ambulance drone. An inside-out de-
sign approach was therefore the most sensible.

From the VR based ideation, the most pro-
mising interior layouts were translated into
concepts. The direction was still rather open at
this point, so in order to converge towards the
final concept, a lot of experts were consulted
for feedback on the concepts and the direction
of the project.

This led to the creation of the final design,
which was loosely based on two of the con-
cepts. Thanks to the feedback from experts,
the final design underwent quite a metamor-
phosis compared to the concepts.

The result isan ambulance drone concept with
novel features and interesting ideas regarding
the interior layout. The final concept has a re-
cognisable, yet unique identity from a visual
standpoint, being professional and approacha-
ble at the same time.
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A. INTRODUCTION

PROJECT BRIEF
1. The potential of Air Mobility

Hand in hand with the electric revolution in
the automotive industry, other industries star-
ted looking into electric mobility solutions as
well. One of these is the aviation sector. In the
past decade the interest for electric flying vehi-
cles has developed into a major spearpoint for
most well-established aircraft manufacturers,
such as Airbus, Boeing and Embraer. However,
in the pursuit of the best performance, electric
solutions are not the only ones being put for-
ward, but also hybrid systems, hydrogen sys-
tems and many other variations. In general this
emerging field of aviation is called “air mobi-
lity”. At this stage the developments in air mo-
bility consist of a large amount of vastly diffe-
rent concepts and prototypes. Manufacturers
are all trying to discover the best solutions for
achieving the performances that are desired,
trying to overcome significant technical chal-
lenges and limitations. Because air mobility is
at the forefront of aviation development, the-
re is no evidence or experience from practice
showing what will be the best solutions for this
type of air travel. In other words, the field of air
mobility is very much in a phase of divergence
and in the coming decade real world tests will
start to form a better picture of what air mobi-
lity will become.

In the past decade a lot of new players have
entered the air mobility market, trying to dis-
rupt the field of aviation and established com-
panies with their concepts and (working) pro-
totypes. Most commonly, these are of the so
called VTOL aircraft type, which stands for an
Vertical Take-off and Landing aircraft. These
are small, manned aircrafts that have the ability
to take-off and land in a vertical direction, ma-
king them very capable in spaces that would
normally not be suited for helicopters and air-
planes. In a sense they are a large scale version
of a drone, equipped with multiple rotors and
operating (semi) autonomously, but are able
to carry passengers as well. This gives VTOL's
a large range of new potential use cases that
could be interesting from both a commercial
and a societal standpoint.
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Since the emergence of air mobility, a lot of the
“hype” is based on the idea of flying taxi's that
can drastically reduce inter- and intracity tra-
vel times by avoiding congested traffic on the
roads. Most of the concepts and prototypes
that are in advanced stages by now are based
on this use case. Currently, however, other im-
plementations of VTOL aircrafts are being pro-
posed that are not just taxi services for a select
group of people.

2. Project backstory

When | contacted mobility design agency Mo-
dyn, who were suggested to me by chair and
supervisor Jan Willem Hoftijzer, they were
open to the idea of a thesis project that would
really suit my interests and sufficiently chal-
lenge me. They proposed a vision project for
an ambulance drone concept which would al-
low them to take a stance within the field of
air mobility. This project would give me a lot of
freedom and independence, allowing me ap-
ply my own vision and have a lot of influence
on how the design would manifest itself.

For Modyn, the increased interest for VTOL air-
crafts became apparent when visiting a mo-
bility congress. Many of companies were pre-
senting visions of VTOL aircrafts and therefore
Modyn felt they also should get involved in this
rapidly developing market. Since Modyn is not
a party that could completely develop an air-
craft in-house, they did feel an urge to profile
themselves as potential party for other compa-
nies that are or will be developing a VTOL air-
craft. Given the already saturated air taxi direc-
tion, they felt they needed to envision a more
unique use case for a VTOL. That is how the
idea for developing an ambulance drone con-
cept came to be. Their reasoning was that am-
bulance drones could expect to receive more
public acceptance, as their purpose is directly
related to societal benefit. It is also a relatively
small scale implementation, which also helps
to lessen people’'s apprehension towards air
mobility.
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OUT OF SCOPE

Visual design

Research existing

emergency services
Production
Vision development

Business model/

> Interaction design
marketing

International Technology roadmap

implementation

High priority

Network & take-off /
landing infrastructure

Digital prototype &
physical mock-up

IN SCOPE

Materials research

Manufacturing

(broad validation) .
Product lifecycle

Cost estimation*
Airspace regulations

Sustainability

Lower priority

Implementation
(Cognitive) ergono-
mics

3. Shaping the graduation project

Having the broad foundation in place for the vi-
sion-project, it was time to develop the project
brief so that the outlines of this thesis could be
formed. The most challenging aspect was to
create a project scope that would be manage-
able within the given time of 100 days, but also
include enough aspects to be meaningful.

Above, the scope that was established is
shown. It is clear that the emphasis lies on the
conceptual nature of the project and therefore
aspects related to the eventual manufactu-
ring and implementation were placed outside
the scope. Within the scope, the distinction
between high priority subjects and lower prio-
rity subjects was also made. A lot of emphasis
is put on researching the existing ambulance
system and involving as many stakeholders
and experts as possible, to make sure the final
concept is a well-founded collection of soluti-
ons that hold real value.

Next to that, it is important to establish a uni-
gue identity for the ambulance drone which
creates interest towards Modyn and the deve-
lopment of ambulance drones in general. As
such, the visual design is also a high priority.
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Having explained the goal of the project, it is
also important to relate the project to my per-
sonal ambitions. With the project having such
an open and underdefined topic, project ma-
nagement is extremely important to prevent
the complexity to become too overwhelming.
This inevitably means that choices need to be
made based on incomplete or unclear informa-
tion and that, for time's sake, design choices
need to be ‘frozen’ in order to move on. Fin-
ding the balance between subjective assump-
tions or going down deep rabbit holes of infor-
mation is clearly one of the main challenges.
As such, managing this project will allow me to
develop the skills to deal with complexity and
with stakeholders and experts.

This thesis project also allows me to use me-
thods and tools that | am excited about. One
tool  want to apply is virtual reality. This project
could benefit from VR based design, because
the ambulance drone is a rather large and
complex product in which human interactions
play an important role.
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DEFINITION OF TERMS

Ambulance drone
Ambulance Helicopter
Coaxial rotors

Drone

Ducts

(e)VTOL

Fully autonomous system
MMT

RAV

Rotors

Rotor tree

Remote operator/pilot
Semi autonomous system

Vertiport

Manned (semi) autonomous aircraft for medical aid
Trauma helicopter, Lifeliner

Two propellers placed on top of each other

(semi) autonomous aircraft

Casing around the propellers

(electric) Vertical Take-off and Landing vehicle

The system operates without any human assistance

Mobile Medical Team

Regionale Ambulance Voorziening (local ambulance service)
Consists of propellers, motors and ducts

The arms connecting the rotors to the body

A pilot who controls the aircraft from the ground

The system performs certain tasks autonomously, but a hu-
man makes the decisions

Take-off and landing facilities

READER’'S GUIDE

The report has been set up in 5 overarching
sections, starting with the introduction (sec-
tion A), followed by the analysis of the ‘current
situation’ (section B). This section is about ana-
lysing the current ambulance system and es-
tablishing a basis for forming a future context
for the ambulance drone. In section C, which is
called ‘shaping the future’, this future context
is explained. Both of the aforementioned sec-
tions are considered to be the research phase
of the project. So, after section B and C, section
D follows. In this, a synthesis of the most im-
portant research findings is provided. This syn-
thesis, together with part of the Vision in Pro-
duct Design method, will form the vision of the
project. The vision section (D) concludes with a
program of requirements.
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The vision section is the basis for the design
phase, which is part of the final section (E).
It explains the process from ideation, to con-
ceptualisation and the final concept in detail.
The report ends with the references and atta-
ched are the appendices that are referenced
throughout the report.
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CHAPTER 1
THE AMBULANCE SYSTEM
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1.1 INTRODUCTION

This chapter aims to map out the current am-
bulance system in The Netherlands. This is an
important knowledge base for identifying the
problem space for the project. First, a general
overview is provided, focussing on the organi-
sational layers of the system, like the govern-
ment and healthcare institutions that are res-
ponsible for managing the ambulance system.

In the second part, a range of subjects regar-
ding ambulance vehicles are addressed, such
as different types of ambulances, equipment,
Mmaintenance, etcetera. Next to this, the con-
nection between primary stakeholders and
the ambulance is established, by investigating
interactions between staff, ambulance and pa-
tient.
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1.2 ORGANISATION

1.2.1 Brief history

Transporting injured or sick people has been
done for centuries. It is believed that the first
form of mobile care was implemented by the
Spanish military, which put up field hospitals
for injured soldiers in the 15th century. In the
leth and 17th century transportation of pa-
tients happened mostly by carrying them on
stretchers and occasionally on ships. In the
19th century the first ambulance vehicles start
to emerge in the form of carriages with stret-
chers. It is not until after World War One that
motorised ambulances started to gain tracti-
on. The term “ambulance” also became more
widespread during this time. After World War
Two, ambulance services started to develop
rapidly as a result of the increase in motorised
trafficand more frequent accidents. Every mu-
nicipality had its own emergency control room,
which caused a lot of issues in the communi-
cation with the ambulance staff.

Currently, the ambulance system is more cen-
tralised in order to save costs and increase ef-
ficiency (ambulancezorg.nl, 2021).

1.2.2 Ambulance regions

Since 2017 The Netherlands has been divided
into 25 ambulance regions, which are called
“Regionale Ambulance Voorziening” (RAV)
(overheid.nl, 2021). Each RAV has their own
emergency control room, which is shared with
the police and fire department. The control
room sends out calls to each of the separate
ambulance stations within the RAV. The RAV’s
are legally appointed by law (tijdelijke wet am-
bulancezorg) as the only party who is permit-
ted to provide ambulance care in the RAV re-
gions.

Within RAV regions there are several ambulan-
ce stations from which the ambulance teams
are deployed. These are all informed by a con-
trol room. In figure 1, a simplified overview is
shown of this network of ambulance stations
within the RAV.

Each station is responsible for the area within
15 minutes of reach, which is the norm for the

Mmaximum response time in The Netherlands.
From within these areas, they deliver their pa-
tients to the hospitals that are located in the
RAV region (with some exceptions). There can
of course be several hospitals in the region and
which oneis preferred dependsonthe patient’s
registration and the treatment they need. Also,
the ambulance stations themselves are inter-
connected as they exchange their capacities to
always keep every station operational.

The number of ambulances seems to be
strongly correlated to the population density
in that area, whereas the number of stations is
more correlated to the geographical size of the
area (figure 2).

1.2.3 Management

Ambulancezorg Nederland (AZN) is the overar-
ching sector organisation that represents the
25 RAV's. It mediates with different parties that
are involved in the ambulance system, such as
the government and other healthcare institu-
tions. AZN is also responsible for the collective
labour agreement of the ambulance sector, in
consultation with employee organizations.

1.2.4 Responses
Types of responses are categorised according

to Al, A2 and B urgencies. Al is for life-threa-
tening situations, with a maximum response

Hospital

Figure 1: Simplified illustration of ambulance net-
work inside an RAV.
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Figure 2: number of ambulances per region (left) & amount of ambulance stations (right).

(ambulancezorg.nl, 2019)

time of 15 minutes for 95% of the population.
A2 is for non-acute life-threatening situations,
with a maximum response time of 30 minutes.
B is for regular transport of patients between
hospitals. Only during Al type responses is an
ambulance permitted to use signals and sirens
(ikebho.nl, 2018).

Al responses are the most frequent responses
and cover almost half of the total responses, as
can be seen in figure 3.

Looking at figure 4, we can see that many re-
gions in The Netherlands seem to fail to reach
the 15-minute maximum for 95% of

the cases. Notice the 95% margin; there is no
mention of the 5% that experiences even lon-
ger response times.
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Al responses
619.261

B responses
325.370

Figure 3: Amount of Al, A2 and B responses in 2019.
(ambulancezorg.nl, 2019)

® <18 min.
@® <17 min.
<16 min.

<15 min.

S

Figure 4: response time per region for 95% of Al
responses (right). (ambulancezorg.nl, 2019)
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1.2.5 Funding & costs

Funding is arranged through the health insu-
rance system. The ambulance system is provi-
ded with a national budget, established by the
ministry of Health, Wellbeing and Sport. The
Nederlandse Zorgautoriteit (NZa) is responsi-
ble for distributing these funds amongst the
25 ambulance regions.

In 2019 the national budget for ambulance
care was 627 million euros. This covered a total
of 1.322.844 responses. There also seems to be
an increase in this budget each year, as in 2019
the budget was around 100 million euros more
than in 2017. An interesting fact is that the 24-
hour availability has much more influence on
the costs of the ambulance system than the
number of annual responses. (ambulancezorg.
nl, 2021)

1.2.6 Types of vehicles

There are a multitude of ambulance vehicles.
The most common is of course the regular am-
bulance van, as shown in figure 6. These vans
are used for all response types; B, A2 and the
most urgent responses (Al). As such they exist
in many slight variations.

Next toambulance vansthere is also a category
of ambulance vehicles called rapid responders
(figure 7). These range from cars and motor-
cycles down to bicycles. They are operated by
specially trained nurses and are able to reach
the patient very quickly, often before the regu-
lar ambulance has arrived. They are not able to
transport a patient, but they are critical in star-
ting treatment as early as possible before the
ambulance team takes over.

Lastly, there is the Lifeliner, or commonly
known as the trauma helicopter (figure 8). This
is an ambulance helicopter that is deployed to
aid the regular ambulance team in extreme life
threatening cases.

In the next section the ambulance van and the
ambulance helicopter are analysed in more
depth.

22

Figure 6: ambulance van (Van Loon, 2016)

Figure 7: rapid responder motorcycle
(de Koning, 2020)

Figure 8: Ambulance helicopter (ANWB, 2021)
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1.3 AMBULANCE VAN

In this section the ambulance van that is used
for Al emergencies is analysed. As mentioned
before, there are many variations, but the
choice was made to focus on the Al type, as
they are most complete and complex ambu-
lance type.

In order to gain insight into the inner workings
of the ambulance van and its staff, both lite-
rature and field research was done. An inter-
view was held with Eduard van Belle, manager
of ambulance station Delft and former ambu-
lance nurse. His experience both as a nurse
and as a manager gave him a lot of knowledge
about the organisational structure as well as
the work in practice. In this section the most
valuable insights are mentioned in references.
The full transcript of the interview questions
can be found in appendix A.

1.3.1 The team

The team of a regular ambulance consists of
a driver and a nurse. The nurse is aducated at
the Academy for Ambulance Care in Harder-
wijk. They need have prior working experience
at the intensive care or first-aid department in
a hospital. Thanks to their education and high
level of specialisation, ambulance nurses are
permitted to make their own decisions about
treatment and medication without having to
consult a doctor at the hospital. The role of the
driver is not only to navigate, but also to assist
the nurse at the place of the incident. Like the
nurse, the driver is also schooled at the Acade-
my for Ambulance Care.

The interview with Eduard van Belle also pro-
vided insight into the work routines of the am-
bulance staff. What stood out was that they are
responsible for the entire process. The staff usu-
ally end the day by preparing their ambulance
for the next day. They clean it and make sure all
equipment is present and working, for which
they have an inventory list. The driver checks if
the ambulance is mechanically sound by chec-
king the oil pressure, lights, sirens, etc. Having
done all this at the end of their shift means
they are ready to go at the beginning of their
next shift, after some quick double checks.

In between callsthe ambulance can be cleaned
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and prepared at the hospital, so that they re-
turn to the station ready for the next call. Right
now, cleaning is a lot more work due to COVID,
so they have additional staff to disinfect every
ambulance after each call.

When waiting between calls, ambulance staff
usually do some relaxing activities and occasi-
onally practice treatments and procedures to
keep their abilities on point.

Shifts are 8 hours long and every 24 hours is
divided into several overlapping shifts. This is
done to prevent transitional periods in which
No one is ready. In case a call comes in just be-
fore the end of a shift, the staff have to work
overtime. It is simply the reality of their job so-
metimes.

1.3.2 Equipment

Each regular ambulance generally has the
same equipment on board, even if they are of a
different type, as dictated by NEN norms. Their
equipment is still rather basic and focussed on
treating the most common injuries, like heart
failure, spinal/neck injuries and commmon ilines-
ses for which they carry medicine. Next to the-
se items, ambulances also have storage space
for other items, such as helmets, breathing
equipment and even a stuffed animal to com-
fort children. On the next page is an overview
of the equipment in an ambulance.
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Left: Stretcher for transporting
a patient (Tulatech, 2021).

Right: Spine plank, a device
used for stabilising spinal inju-
ries (ambulanceblog.nl, 2013).

Left: Patient monitor,

for resuscitation and monitoring
a patient's heartrate, oxygen
levels and vital signals (Ambu-
lancepost Delft).

Right: Incubator

to transport premature ba-

bies. Is not part of the standard
equipment of the ambulance,
rather used in specific situations
(Ambulancedienst Zuid-Holland
Zuid, 2015).

Left: Neck brace for stablising
neck injuries (HPFY, 2021).

Right: Medication cases
Ambulances have separate
storage for adult medication
and child medication based on
difference in dosages (Ambulan-
cepost Delft).

Left: Case with breathing
equipment containing manual
breathing equipment which can
be carried to the patient (Ambu-
lancepost Delft).

Right: Resuscitation device
This device is used to perform
resuscitations, so that the nurse
does not have to perform it ma-
nually (Ambulancepost Delft).

Left: Stabilisation mattress for
stabilising patients with spinal
injuries (Ambulancepost Delft).
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1.3.3 Interior layout

The layout of the ambulance van is generally
similar in all RAV regions, although there are
some differences depending on the vehicle
type and the preferences of the RAV region.
Below, a schematic overview of a common in-
terior layout is provided, showing all the main
elements that comprise the interior of the am-
bulance.

CABIN
Cooled drawers 2 I _—— Patient monitor
Passenger/nurse’s Medicine bags
seat (—C) (underneath)
Exterior storage —— || ——— .|| | 4+— Side door
Oxygen supply—-@ _Er ———_ Laptop for medical

records

—— Nurse's seat

Suction device —ﬂ
Stretcher

Storage

- Storage

comparments |

Storage reachable
from outside

25
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- T

Figure 9:ambulance van of RAV Ambulance Oost
(Kunst, 2019) S :

Ll
» \
M

RAV Ambulance Oost

RAV Ambulance Oost went a step further in in-
fluencing the layout of their ambulances. They
consulted their employees and experts and to-
gether with the manufacturer of the ambulan-
ce made the most ergonomic layout they could
design.

The interior is arranged in such a way that the
nurse can stay seated during transport, since
most equipment is located within hand'’s reach.
Previously the nurse had to stand up for certain
procedures, which is unsafe and inconvenient
during a fast and jerky ride to the hospital. Not
only is the equipment within arm’s reach, but
it is also reachable from outside the van. This
means the ambulance staff do not have to jump
in and out of the van to retrieve items which is
a crucial time saving. Figure 9 shows some ima-
ges of the interior of Ambulance Oost's ambu-
lance. Ambulance Oost initiated this design in
2019 and by now a lot of other RAV’s in The Ne-
therlands have adopted it (Kunst, 2019) .
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Ambulance station Delft

The ambulances at the station in Delft (figure
1) show a lot of similarities with Ambulance
Oost's layout mentioned in the previous para-
graph. It must be noted that the ambulance in
the photographsisaslightly older model which
they use as their backup vehicle. Their newest
models bear even more resemblance to Ambu-
lance Oost’s layout. There are some differences
in equipment and placement of the storage
compartments but looking at the interaction
level they are quite similar, such as allowing ac-
cess to the most important equipment from a
seated position and large equipment being ac-
cessible from outside. The layout differs from
Ambulance Oost in small ways, such as the
exact placement of storage compartments,
the use of medicine bags instead of suitcases
and different brands of equipment.

27

What stood out most was that the ambulan-
ce carries a lot of items, even though it seems
rather empty at first glance (figure 10). This is
because it has a lot of neatly arranged storage
compartments with all kinds of materials for
different types of treatment. It practically is a
small hospital room on wheels and is comple-
tely maximised to carry as many useful items as
possible. The frequency at which these items
are used varies, however. The basic equipment
is certainly the most used equipment, like the
monitor and stretcher. Things such as the drip
and the onboard breathing machine are used
a lot less. Eduard explained that they have a
bag with manual breathing equipment, which
they use a lot more because it can be taken out
of the ambulance to the patient. Clearly there
is still some room for optimisation but diving
into exactly which items might be redundant
was outside the scope of this visit as that would
have taken too much time.

Figure 10 (left): Ambulance van contents (GGD
Haaglanden)

Figure 11 (below): Interior showcase ambulance
van at ambulance station Delft.



B. CURRENT SITUATION

1.3.4. Organisation on a local level

It turns out the organisation on a local level
is rather more complex than expected. RAV
Haaglanden, to which Delft belongs, is respon-
sible for the control room which puts out calls
to each ambulance station within the region.
The stations themselves, however, are all ex-
ploited by different institutions. The stations
in Delft and in Den Haag are owned by GGD
Haaglanden, the one in Zoetermeer is inde-
pendent and another station in Den Haag is
owned by Witte Kruis. It is a rather complex ar-
rangement, but it works smoothly according
to Eduard.

RAV Haaglanden provides all kinds of ambu-
lance transport. The most obvious is emer-
gency type transport (Al responses). Next to
that, there is also a lot of scheduled transport;
patients that need to be transported between
hospitals or to their home and even daytrips
for terminally ill patients. Ambulances that are
used for these kinds of transport are not as
heavily equipped as the Al ambulances, nor
does the staff need to have the same level of
expertise. Next to regular ambulance vans,
RAV Haaglanden also has a range of rapid res-
ponder vehicles.
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1.4 AMBULANCE HELICOPTER

In this section, the ambulance helicopter is
analysed through both literature research and
an interview. The interview was held with Frank
Latour, who has been an ambulance helicop-
ter nurse for more than 20 years. The questions
that were asked focussed a lot on his experi-
ence working as a nurse, his knowledge regar-
ding the context of his work and what it is like
to work inside the helicopter. The full transcript
of this interview can be found in appendix G.
The main insights from this interview are refe-
renced throughout this paragraph.

Figure 12: Service areas of helicopters,; 4 bases, 4 heli-
copters with variable range and response times.

1.4.1 Lifeliner service

In The Netherlands, the air ambulance ser-
vice is provided by the ANWB, who are mostly
known as the help service for stranded vehicles
on Dutch roads. There are four trauma centres
in The Netherlands from which four helicop-
ters are deployed (figure 12). Each helicopter
is named a Lifeliner. The locations are Amster-
dam (VUmc), Rotterdam (Rotterdam Airport),
Nijmegen (airport Volkel) and Groningen (air-
port Eelde). The helicopters change location
occasionally, according to their maintenance
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schedule and are thus not bound to a single
centre. In total, ANWB employs 38 pilots who
operate 8 helicopters. Currently, a fifth helicop-
ter is on stand-by for COVID-19 related trans-
port. An ambulance helicopter costs roughly
5 million euros and is funded through the na-
tional health insurance system (van der Laan,
2019).

1.4.2 Mobile Medical Team

The staff on board the air ambulance are called
the Mobile Medical Team (MMT). The team con-
sists of a doctor, who is responsible for first-aid
care and stabilising the patient for transporta-
tion to the hospital. The doctor is also respon-
sible for coommunication with the emergency
control room during the flight. On board is also
a nurse, who assists the doctor and functions
as a navigator and assistant to the pilot during
the flight. The pilot is solely responsible for
operating the helicopter. He has no specialised
medical training and stays with the helicopter
toguardit.Insome cases, the pilot can dosome
assisting, such as carrying equipment. These
pilots all have prior experience in the military,
since this is one of the few ways pilots learn to
fly during night-time and to make complica-
ted maneuvers. Pilots also perform some small
maintenance on the helicopter, but thorough
maintenance is done by experts.

According to Frank, the MMT distinguishes
itself from the regular ambulance because
the doctor is certified to perform certain inva-
sive procedures and admit certain medicines,
which ambulance nurses are not certified for.
These procedures are often necessary in cases
of severe injury, making fast response times
crucial.

1.4.3 Responses

The MMT is only there to assist the regular am-
bulance. A regular ambulance is always sent
out before the MMT is deployed and after as-
sessing the severity of the incident the regu-
lar ambulance team can decide to call in the
MMT. As can be seen in figure 13, in around half
the cases the ambulance decides to call off the
MMT while they are on the way, because they
can handle the situation themselves. Actually
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transporting the patient to the hospital hap-
pens even less frequently, at only around 10
percent of cases. (van der Laan, 2019)

There is a clear difficulty in assessing the seve-
rity of an incident, since the system relies on
witnesses to explain the situation before any
help arrives that can assess the situation pro-
perly. On average air ambulances are deployed
around 9000 times a year (anwb.nl, 2021).

According to the ANWAB, time until take-off
is within 2 minutes during daytime and 5 mi-
nutes at night. These helicopters can operate
in the dark as well, using night vision equip-
ment. Often the landing spot is an open area
nearest to the place of the incident. The pi-
lot is responsible for estimating which area is
suitable for landing. Sometimes the police also
helps scouting for a landing spot. Before lan-
ding, a short scouting round is made. During
daytime, a clear landing area of 25 x 25 meters
is the minimum and during night time it is 25

619.000

9000

Total Al responses Total helicopter

departures
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x 50 meters. Landing areas can be anything
from football fields, meadows, roads, city squa-
res and even gardens.

Inregardstothetotal responsetime ofthe MMT,
Frank explained that this varies a lot. In the ci-
ties, response times are on average 7 minutes,
because they can reach the location quickly by
car. The helicopter often takes too long to find
a suitable landing spot in urban areas, so the
car is preferred. A similar situations occurs at
night time, when the darkness makes it diffi-
cult for the helicopter to scout landing spots,
thus the car is used more. In that sense the
mode of transport is always secondary to the
main goal of getting the MMT to the destinati-
on as quickly as possible. In case the helicopter
cannot land close to the destination, the MMT
is often picked up by the police.

A patient in unstable condition is rarely trans-
ported by helicopter, as treatment during the
trip to the hospital is a lot more difficult than

Figure 13: Types of ambulance helicopter responses compared to the
total Al responses.

Helicopter patient
transports

Helicopter arrivals
on location



B. CURRENT SITUATION

in a regular ambulance. This is due to the lack
of mobility, the lack of access to the lower body
and the noise, which inhibits monitoring of the
lungs. Frank also explained that the helicopter
is filled with the exact amount of fuel needed
for a trip based on the specific take-off weight.
This take-off weight is calculated down to the
exact weight of each crewmember. There are
always margins in this calculation for unfore-
seen circumstances.

1.4.4 Interior layout

An ambulance helicopter carries a more basic
selection of equipment than the ambulance
van due to having less space, but the equip-
ment it carries is similar to that of an ambu-
lance van. This includes the patient monitor,
stretcher, oxygen bottles, breathing device,
medicine, protective clothes and backpacks.
Below a schematic overview of the ambulance
helicopter is provided.

Controls

Nurse's seat /

N\

Center console

—— Pilot's seat

Side door

Stretcher

Equipment shelf

—— Side door

— Doctor's seat

Oxygen bottles

Monitor

Storage

Rear door
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Figure 14: ambulance helicopter
interior. (Srfotografie, 2014)

The pictures of figure 14 clearly show how
crammed it is inside and that the equip-
ment is less organised than in an ambu-
lance van, because there is minimal room
for storage compartments. Perhaps some-
what surprisingly, the helicopter can load
a stretcher from the rear, in similar fashion
to an ambulance van, which is a very use-
ful feature for quicker loading.

e
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Figure 15: MMT members carrying backpacks.
(112-Zuidland, 2019).

According to Frank Latour, the most impor-
tant equipment and medicine is kept inside
large backpacks, which the crew carry to the
scene of the accident (figure 15). These back-
packs are rather large and heavy and can be
cumbersome to take in and out of the heli-
copter. Furthermore, they do not really have a
designated spot inside the helicopter, which
sometimes means they get in the way. Frank
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explained that these backpacks are stashed
full with as much equipment and supplies as
possible, in case any of it is needed at the site
of the incident.
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C. SHAPING THE FUTURE

2.1 INTRODUCTION

In this chapter the air mobility market is inves-
tigated in order to collect insights about the
state of air mobility as of this moment and how
air mobility is expected to develop. This crea-
tes the context for a future ambulance drone
and helps to establish an informed vision later
on. This chapter starts off with current projects
and initiatives about air mobility in The Nether-
lands. The following questions are answered:

- What does The Netherlands envision for air
mobility in the near to long future?

- What plans are made in pursuit of air mobi-
lity in The Netherlands?

- Which other developments are of influence
on air mobility?

The chapter concludes with a roadmap that
maps out the developments in the fields of
technology, healthcare and society towards
2035.
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2.2 STEPS TOWARDS THE FUTURE

There is a lot of activity in the field of air mobi-
lity today. A lot of Electric Vertical Take-off and
Landing aircrafts (eVTOLs for short) are being
put forward by large companies as well as
start-ups. There are many variations of eVTOL
concepts being developed, as becomes clear
from the research in appendix E.

But no matter how much these concepts and
prototypes become ready for implementation,
they depend on a larger system that needs to
adapt to these innovations. The path towards
air mobility is complex, as there are a lot of sta-
keholders involved with conflicting interests
and a very high influence on the development
of air mobility. For this reason, institutions and
the government are participating in initiatives
which aim to get a grip on the complexity of air
mobility, its opportunities, challenges and po-
tential implications for society. The next secti-
ons explain which initiatives are emerging and
what they might mean for the future of air mo-
bility in The Netherlands in the coming five to
ten years. This information helps to inform the
roadmap that concludes this chapter.

2.2.1 What does The Netherlands envision for
air mobility in the near to long future?

NLR, The Netherlands Aerospace Centre, is
a leading party in aviation innovations in The
Netherlands. They conduct their own research
and tests for different implementations of dro-
nes. They also investigate the broader context,
such as regulations and public acceptance of
air mobility. With their knowledge NLR also
provides consultancy to the Dutch govern-
ment.

Within this role they have influence on the de-
velopment of legislation, safety protocols and
technological innovations.

NLR has identified a set of trends for the co-
ming years, which they expect will influence
the development of air mobility:

Therise of unmanned systems - a trend that
will coincide with an increased pressure on
security, privacy and safety.

The use of artificial intelligence and Big
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Data in the development of autonomous
systems.

The use of augmented and virtual reality for
data visualisation and operation of aircrafts.
The market value of drones in 2035 will be
equal of today’s market value of commer-
cial and military aviation combined.

Also, NLR states that they expect develop-
ments in drone technology to have an impact
on technology, society and economy. Drones
will become part of everyday life, impacting so-
ciety with new solutions to common problems
in the field of mobility, security, inspection and
emergency response. Drones can also offer
economic advantages by optimising existing
processes and systems. Next to that, drones
create entirely new opportunities and business
models (NLR, 2018).

2.2.2 What plans are made in pursuit of air
mobility in The Netherlands?

AMU-LED

This program is a significant step in the direc-
tion towards Urban Air Mobility (UAM) in The
Netherlands. With their target of performing
around 100 hours of test flights over urban
areas in cities like Rotterdam, Amsterdam and
Enschede, this program is trying to prove that
safe integration of air mobility in urban airspa-
ces is possible. The tests will include all sorts
of scenarios and applications for UAM, such
as package delivery, medical care, police sur-
veillance, inspection of infrastructure and taxi
services. Clearly AMU-LED is trying to paint the
larger picture instead of focussing on niche
applications. It is not a program focussed on
catering the happy few who will benefit from
air taxis, but really looking at the benefits UAM
could bring to society as a whole.

The project has attracted a multitude of insti-
tutions and companies, such as Boeing, Airbus,
EHang, the municipality of Amsterdam, INECO
and many more.

The results of this project will be provided to
European airspace regulation services and
aims to contribute to the development of regu-
lations for UAM in European cities (NLR, 2021).
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Dutch Drone Delta

Another initiative in The Netherlands is Dutch
Drone Delta, a collaboration between KPN,
Rijkswaterstaat, Port of Rotterdam, Achmea,
Antea Group and others. This innovation plat-
form will be a joint undertaking in researching
all kinds of aspects in the broader UAM system.
For example, Antea Group will be investigating
possible take-off and landing places for deli-
very drones and air taxis, such as the roofs of
carparks and train stations. NLR will focus on
social acceptance by researching ways to com-
bat noise and air pollution. Small tests have al-
ready started, such as test flights with delivery
drones in the port of Rotterdam (Jager, 2020).

ANWB medical delivery drones

ANWRB is also experimenting with small dro-
nes which can bring supplies and medication
to hospitals very quickly and efficiently. These
drones fly autonomously but controls can also
be taken over by an operator. Currently, they
do not fly over densely populated areas due to
safety concerns. At some point, after extensive
testing, they should be able to fly over such
areas as well. (anwb.nl, 2021)

So, to conclude, the first two projects seem to
complement each other as Dutch Drone Delta
seems to be more research focussed and AMU-
LED more practical. Dutch Drone Delta might
help create the right context for air mobility
and AMU-LED could bring the practical know-
ledge to the table. Of course, these programs
are very much in their early stages and time
will tell how effective they will be. It does show
that there is a lot of activity in this field even
within a small country like The Netherlands.

2.2.3 Which other developments are of influ-
ence on air mobility?

Relevant developments not only happen wit-
hin the domain of air mobility. It is important
to zoom out and to look at the larger overar-
ching systems, such as society, technology
and healthcare. Through investigating the de-
velopments within these systems, it might be
possible to see how they relate to the domain
of air mobility. Of course, predicting the future
for these overarching systems is an immense
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rabbit hole of speculation, so in order to keep it
manageable, this section will try to lay out the
general trends and analyse what implications
they might have for air mobility in the near fu-
ture.

Acute healthcare
related applications
rank at the very top of
accepted UAM

applications.

A. Public acceptance

Recently, an extensive research into the public
acceptance of European citizens regarding air
mobility was performed by European union
Aviation Safety Agency (EASA, 2021). According
to their investigation, the result is surprisingly
homogenous, with participants from different
countries, ages and background all showing si-
milar opinions. In general, the attitude towards
UAM is rather positive. Specifically, emergency
and acute healthcare related applications rank
at the very top of the accepted UAM applica-
tions. This confirms Modyn's hypothesis that
UAM for the benefit of society might be the
most accepted. EASA also identified some of
the general public’'s concerns.

The first concern that many people have is
noise, visual -and environmental pollution
caused by drones. In terms of noise pollution,
for example, a drone delivery system would
put high numbers of drones in the airspace at
low altitudes. These could cause continuous
nuisance to the public, without offering that
much perceived benefit.

EASA’s study also shows that the noise profile
is of importance in the level of annoyance. For
example, familiar loud noises are perceived as
less annoying than unfamiliar loud noises.
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The second concern is security. Drones are
equipped with cameras, either as part of their
flight system, for surveillance purposes or for
recreational use. This causes privacy concerns
regarding the many cameras filming from the
sky. The concerns range from Orwellian “big
brother” government abuse to perhaps a more
realistic concern: cybercrimes. A very good se-
curity system needs to be constructed to pre-
vent the wrong eyes gaining access to drone
cameras for the purpose of spying, or other
malicious intentions.

The third concern is safety. Things that fly can
crash and, statistically speaking, will crash.
Because of this, flights over urban areas are
the highest barrier to overcome, as these are
heavily restricted for drones at the moment.
The question is how high the proven reliability
will have to become before flights over urban
areas are allowed. Some manufacturers claim
that they aim for reliability as high as regular
airliners. EASA's research shows that in terms
of public acceptance, aviation level safety
standards would be perceived as acceptable
by the public.

B. Regulations & airspace management
Many steps still need to be taken in order to
create a set of regulations that consider all
the risks involved with air mobility. Institutions
such as NLR and projects such as AMU-LED
and Dutch Drone Delta are all investigating
how to design these rules. The important first
step is for the government to realise the de-
mand and potential for air mobility solutions
and to actively participate in shaping a regu-
latory framework for air mobility. All whilst in-
volving commercial, public and independent
parties. Traditionally, however, legislation is re-
active rather than proactive, so the regulatory
framework is likely the last step in the process
towards large scale air mobility.

C. Healthcare

Many developing illnesses go under the ra-
dar until symptoms suddenly show up. These
symptoms can sometimes be so severe that
they become acutely life threatening. Things
like heart failure, pneumonia, strokes, etc.
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There is currently no way of consistently and
reliably tracking all facets of a person’s health
to identify problems in an early stage and pre-
vent a disease from reaching fatal proportions.
The first step in diagnostics through “house-
hold technology” is in the ability of phones and
smart watches to track health. In the near fu-
ture the integration of diagnostics in everyday
technology might go much further.

Think of sensors in contact lenses that can
track your heart and respiratory system, as
well as identify symptoms of cancer. Regular
smartphones and smartwatches will also be-
come more equipped to perform diagnostics.

In short, everyday diagnostics will allow for fas-
ter and more accurate treatment of diseases
and injuries and is expected to decrease the
amount of acute health problems caused by
undetected diseases. (Kraft, 2019)

The aforementioned innovation mostly focus-
ses on prevention, but there are plenty of cases
where a health problem suddenly occurs, like
an accident. In such cases point-of-care diag-
nostics (POC) will provide a major benefit. POC
diagnostics is a categorial name for any solu-
tion that enables to quickly establish a medi-
cal grade diagnosis, whether through a special
testing device or people’'s own technology (i.e.
smartphone, watch). This can speed up the se-
lection of the correct treatment, increasing ef-
ficiency and the chances of saving the patient.
It could be a relevant development for ambu-
lance healthcare, as speed is of the highest im-
portance.

Artificial Intelligence (A.l.) for healthcare

Artificial Intelligence (A.l) is one of those de-
velopments that promises a technological re-
volution in many fields, including healthcare.
Basic forms of A.l. applications in healthcare in-
clude the prediction of which medication and
dosage a patient needs, based on their medi-
cal records and personal attributes. A more ad-
vanced A.l. application is the ability to discover
patterns of certain diseases earlier and more
accurately than a medical professional could.
An example is the use of A.l. to analyse radio-
logy images to identify tumours. Artificial in-
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telligence could even play a role in treatments
and procedures in combination with robotics.
However, before this can happen a lot of valid
ethical concerns need to be overcome. Some
concerns are the lack of human touch and em-
pathy and the problem with accountability in
case A.l. makes a mistake (Davenport & Kala-
kota, 2019).

2.2.4 Conclusion

From appendix E, it becomes clear that there is
Nno consensus yet about the best approach to
designing an eVTOL, because there are many
ways to solve different problems. Eventually
natural selection is bound to bring out the
eVTOL designs with the most potential Until
then, determining the best philosophy for the
design of an eVTOL remains speculative. The
most sensible approach to have at least some
assurance of what might work best is to look
at the most successful prototypes that are cur-
rently on the market and how they are desig-
ned. Joby, Volocopter and EHang are amongst
the most tried and tested prototypes, so their
technical solutions hold the most potential and
provide a valuable reference for the roadmap.

In terms of the air mobility context, the pic-
ture is a little more clear, as most innovations
that will make up the world of the near future
are already around in varying degrees of deve-
lopment. It is likely that promising emerging
trends and technologies will at some point be-
come widespread, but when and to what de-
gree remains less clear.

Looking at 2035, based on initiatives such as
AMU-LED, Dutch Drone Delta and experts like
NLR, it is reasonable to expect that unmanned
drone applications will have proven their use-
fulness for a long time. Small scale use cases
of eVTOLs may be implemented around the
world as well. For this to happen, it depends on
public acceptance, regulatory frameworks and
technological advancements to have created
the right social, political and technological cli-
mate. Only then can the first large scale eVTOL
applications be implemented, such as ambu-
lance drones.
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2.3 Technology roadmap

In order to further create a context for the am-
bulance drone within the scope of 2035, a tech-
nology roadmap has been created. It maps out
developments for different categories of tech-
nologies on a simple timeline in increments of
5 years. While of course no expert or literature
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source can tell the exact chronology of these
developments, nor which potential develop-
ments will occur and which will fail, an attempt
has been made to roughly estimate this, whilst
maintaining a conservative stance. A lot of
emerging technologies are overhyped, even
by experts and scientists, so making cautious
estimates is important.
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2030 2035
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Advanced use in healthcare:
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approx 2 to 3 times Novel battery
Li-ion increased energy density of | | structural batteries 3° technologies “°
38
»| cathode & anode today
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The roadmap has been created based on in-
sights from literature and has been presented
to experts within the field of aviation. On the
next page the most important elements of the
roadmap are explained. For the full explanati-
on of each individual topic see appendix J.
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2.3.1 Incremental development

The very nature of technology is to evolve and
therefore technologies we consider establis-
hed and common today also undergo constant
incremental improvements. This is an easy to
overlook influence on a potential ambulance
drone, but it has a lot of impact. It means that
every part of it, down to the nuts and bolts, will
be a better version of what it is today. Things
such as plastics, carbon fibre and other com-
posites will all have underwent further deve-
lopment.

Standard equipment that today's ambulances
carry will also go through incremental deve-
lopment, improving in aspects such as user-
friendliness, weight, performance, durability,
etcetera. Some equipment may even be re-
placed by new solutions that do not yet exist
today. So in designing a concept for the future
a standard factor of overall incremental deve-
lopment needs to be taken into account for al-
most any aspect of the product as well as the
world around it. Even the field of design itself
will have evolved and new tools and technolo-
gies will create new possibilities that designers
do not have access to today.

2.3.2 Virtual Reality (VR) & Mixed Reality (MR)

Today, VR and MR use cases can be found in
the fields of medical care, education and in-
dustry. Given the benefit they provide to these
sectors already, it is reasonable to expect these
trends will continue and expand into the co-
ming decade and beyond. Next to that, new
use cases are likely to emerge. Especially com-
mercial and domestic types of use cases.

Basically, the initial hype of VR and MR being
the replacement of smartphones could po-
tentially come true, although later and more
gradually than initially thought. This is not li-
kely to happen before the early 2030’s, not only
because of technical hurdles that need to be
overcome but also because of public accep-
tance and the need for regulations. By 2035 it
can be expected that industrial and professio-
nal applications of VR will be in a state of ma-
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turity. This means VR and MR might provide
potential within the ambulance drone system
as well. An example of a use case might be VR
or MR assisted remote-operation of the drone
and aiding in maintenance tasks. It also holds
a lot of potential for advanced communication
between the crew of the ambulance drone,
the hospital, emergency control room and the
operator.

2.3.3 Autonomous Flight Systems

In order for the pilot not to be required on
board, it is necessary for the drone to be able to
automate certain tasks and eventually perform
all tasks autonomously. Notice the clear dis-
tinction between automation and autonomy.
The latter is expected to take a lot more time,
as trusting a machine to make all decisions
evokes a lot of privacy and liability concerns.

Before technology is ready to live up to the li-
kely very strict regulations and expectations
that autonomous systems would be subjected
to, automation is a more likely solution. This
means that board computers can process vari-
ous flight data to inform and aid the remote pi-
lot in their decision making. That way, a human
is still involved in the process and responsible
for what happens with the aircraft.

Around 2035 it is expected that fully autono-
mous flight systems will be possible from a
technical perspective, but it takes the right
regulatory framework and public acceptance
to succeed. There is no indication as to when
such legislation might be ready, therefore re-
mote operation is a good alternative to full au-
tonomy, for this timeframe.

2.3.4 Computing

Within this category a variety of technologies
are shown. Firstly; artificial intelligence. There
is no doubt A.l. will play a role in the increa-
sing amount of data involved with applications
such as autonomous systems, data networks,
VR and MR. The potential of A.l. seems over-
whelming and therefore pinpointing which
implementations will become widespread at
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what moment in time is very difficult. Howe-
ver, the likelihood that A.l. and machine lear-
ning will play a significant role in the technolo-
gical context for 2035 is high.

Cloud computing is another innovation that is
on the rise. It will enable processing of data to
happen via the cloud (i.e. on a remote server),
instead of on a local device. This could potenti-
ally revolutionise technologies such as VR/MR,
as they will require less local hardware whilst
providing higher performance at the same
time.

On the far horizon we might see a technology
called quantum computing. This entirely new
form of computer processing would see com-
puting power increase by incredible amounts.
The exact workings of the quantum computer
are too complex to explain here, but it might
prove revolutionary for purposes such as data
encryption, providing a much higher level of
digital security; an important aspect of auto-
nomous systems. Before quantum computing
can become a reality a lot still needs to impro-
ve as the computers are rather unstable right
Nnow.

2.3.5 Big data

As the world becomes more connected, the
amount of data that is generated keeps ex-
panding. Big data is data of vast quantities and
variation. Examples of big data are things such
as medical records of the entire population,
traffic streams, geographical data, insurance
data, weather data, internet traffic data and
much more. Big data can reveal a lot of under-
lying properties about the data generator and
knowing these properties is key in optimising
many processes (Rai, 2020).

A common example we see today is targeted
advertising, in which big data is used to tailor
to personal shopping preferences of internet
users. The use of big data will certainly increase
in the future in applications such as traffic ma-
nagement and banking security. Big data and
A.l.go hand in hand, as A.l. uses big data as the
source for learning and recognising patterns.
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Big data will inherently be part of air mobility
given the complex air management it requires
and its role within autonomous systemes.

2.3.6 Conclusion

A few insights from the roadmap stand out as
especially relevant for the development of the
ambulance drone.

Firstly, remote piloting is the likely option as
long as regulations are not sufficient for full
autonomy.

Secondly, ambulance drones will likely be pre-
ceded by other medical drone implementati-
ons, such as defibrillator (AED) drones and ra-
pid responder drones.

An example of an already existing AED drone
is the one developed by Alec Momont at the
TU Delft, back in 2015. This drone is currently
facing delay because of regulations, but it is
expected that it will be implemented at some
point in the near future (Frame, 2015).

Even rapid responder eVTOLs are in their
early stages, as is shown by the collaboration
between ADAC Luftrettung and Volocopter,
who have done a number of test flights with a
modified Volocopter for medical emergencies
(ADAC, 2021).

By 2035, air mobility might be ready for the first
full fledged ambulance drones. It is unlikely,
however, that they will replace all ambulance
vans at this point in time. A more realistic early
implementation is as a replacement of current
ambulance helicopters.

Thirdly, a number of technologies will work
hand in hand for creating a strong remote ope-
rating system. Cloud computing, A.l, 6G, VR
and MR will provide excellent communication
tools and plenty of speed and bandwidth.

Lastly, the battery development forecast shows
that even today’s Li-lon batteries are far from
reaching their peak perfomance levels. This is
a promising insight for an electrically propelled
ambulance drone.
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3.1 INTRODUCTION

In this chapter the main findings of the re-
search in chapter 1and 2 are summarised. This
forms the groundwork for the design phase.

The project's assumption is that manned dro-
nes (eVTOLs) could provide benefit for ambu-
lance healthcare. However, it is the respon-
sibility of the designer to validate this, based
on research. As such, this chapter explains
whether the project’'s premise still holds true
and in what way. It could be seen as an upda-
ted project brief for the design phase.
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3.2 WHY REPLACE HELICOPTERS?

The roadmap of chapter 2 and the infrastruc-
ture scenarios and concepts in appendix Band
C point towards replacing the ambulance heli-
copter system as a first step for drones to enter
the acute healthcare sector. In this section it is
explained why this is the case.

While it has become clear that the ground-
based ambulance system and the ambulance
vans have certain shortcomings as well, both
on a system level and a product level. Repla-
cing this system is much more ambitious than
replacing the ambulance helicopter system.

The scale of the ambulance helicopter system
is much smaller than that of the ambulance
vans. Ambulance helicopters are only called in
for a fraction of the total Al emergency respon-
ses (see figure 13, paragraph 1.4.3). This means
that they are a much smaller part of the entire
ambulance system than the regular ambulan-
ce van. Innovating the ambulance helicopter is
therefore a lot less disruptive than innovating
the regular ambulance vans.

Looking at the roadmap of chapter 2, replacing
all ambulance vans with drones translates to a
much longer timeframe. Here is why:

It will require a time-proven regulatory
framework for which the first tests are only
just being initiated, as explained in para-
graph 2.2.2.

It would require fully autonomous flight
systems that are capable of flying in much
busier airspaces than there are today. Legis-
lation might not be ready for this by 2035.
A high level of political and societal accep-
tance is needed in order to drive this inno-
vation forward.

Given these significant challenges regarding
the replacement of ground based ambulan-
ces, replacing the ambulance helicoptersisthe
most advanced, yet acceptable option for the
timeframe of 2035. A timeframe chosen for not
being too far into the future to lose any sense
of relevance, but also far enough so that it al-
lows for a meaningful and inspiring vision and
concept design.
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The relatively small scale of the ambulance
helicopter system makes it easier for the am-
bulance drone to be introduced in small steps
and gradually move towards larger scale im-
plementation further into the future. Taking it
step by step is the best strategy to shift public
perception and gain political and societal ac-
ceptance.

3.3 THE POTENTIAL OF AMBULANCE
DRONES

During the research phase, shortcomings of
current ambulance vehicles (van and heli-
copter) have been investigated, as well as the
status quo of eVTOL and Air Mobility develop-
ments. So now it is important to relate this to
the ways in which ambulance drones could
improve these shortcomings and see if and
why they are desirable.

3.3.1 Staff & patient centered

The helicopter was never developed with the
intention of using it for medical transport, ha-
ving initially been a military vehicle. This is why
their shape and layout is far from ideal for the
staff and the patient, which also became clear
in the interview with helicopter nurse Frank
Latour (appendix G). An ambulance drone has
the opportunity to be designed around the pa-
tient and the staff from the ground up. This is
something completely new within the ambu-
lance sector, as even ambulance vans are mo-
dified vans that were never designed to be an
ambulance.

From the research into the ambulance van and
the ambulance helicopter in chapter 1, it beca-
me clear that the helicopter suffers from more
restrictions due to it being an aircraft and ha-
ving to abide to technical limitations and regu-
lations. The ambulance van, on the other hand,
has seen iterations across many decades.

While there are still shortcomings to the van,
it is still a much more user friendly environ-
ment than the helicopter. For this reason, the
insights about the ambulance van are a very
important basis for the design of an ambulan-
ce droneg, as it is simply not necessary to rein-
vent the wheel for each and every function of
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the ambulance drone. Many of the interaction
and workflow solutions in the ambulance van
already make sense, so it is a case of transla-
ting these into the ambulance drone and im-
proving them where possible. Some of these
improvements have already become apparent
and these are highlighted in the vision and the
requirements.

3.3.2 Mechanical simplicity

Helicopters use a time-tried, yet complex me-
chanical system for the rotors and run on fos-
sil fuels that drive the rotors and two small yet
engines. Electric propulsion has the potential
to drastically simplify the mechanical compo-
nents of the aircraft, because the drive train
consists of fewer components. This frees up
space for other purposes. Simplicity also trans-

lates to higher reliability and less need for
maintenance. Next to that, electric propulsion
reduces noise levels and pollution and lends it-
self better to be connected to an autonomous
flight system.

Drones are always equipped with multiple
smaller rotors, compared to a single large rotor
on helicopters. This creates a more compact
rotor configuration and creates redundancy
for safety reasons. Also, because drones have
several rotors, they do not need a tail rotor to
act as a counterforce, like on a helicopter. This
makes the drone much shorter, allowing it to
land in smaller spaces.

SCENARIO: The effectiveness of ambulance drones versus helicopters.

In order to visualise how ambulance drones
could improve ambulance helicopters in prac-
tice, the following scenario has been made.

Moment of accident

MMT BY HELICOPTER

0-1 min

0-1 min

The scenario follows two tracks: the current sce-
nario (ambulance helicopter) and a future sce-
nario for the ambulance drone. Both scenarios
are related to a timeline which shows difference
in response times for each of the scenarios.

MMT BY DRONE
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3.3.3 Cost savings

Autonomous ambulance drones are also at-
tractive in terms of costs, saving the need for a
highly skilled pilot and lowering maintenance
costs and cost price compared to helicopters.

This means that more ambulance drones can
be deployed, creating a denser network with
shorter and more reliable response times. In
short, more value for similar investments. This
is explained in more depth in appendix K.

3.3.4 Reducing response time

As can be seen in the scenario,ambulance dro-
nes also have the potential to make responses
a lot more efficient than current helicopters,
removing the need for the regular ambulance

MMT BY HELICOPTER

van to assist. This is because the drone is a lot
more capable at transporting a patient than
a helicopter. Next to that, the drone is able to
land in more places than a helicopter. This ena-
bles the MMT to arrive faster. Drones will also
have shorter downtime, thanks to less need for
maintenance.

This innovation (Ambulance
drones) would not yet be a
necessity in the short term,

but a potential for achieving
the highest quality of acute
healthcare possible.

Equipment bags
are heavy

Space inside is
limited

2 MMT is picked up

10 min 20 min
L 4 L 4
5 min 10 min
® @----------mmmmmeeo---

Scouting drone investigates
scene and plans landing spot for
the ambulance drone

1 MMT is called in

MMT BY DRONE

MMT arrives
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3.4 CONCLUSION

Having rounded up all the insights and op-
portunities identified in the research phase, it
is safe to say that ambulance drones have po-
tential to become the next generation of fly-
ing ambulances. There are still challenges that
need to be overcome for an ambulance drone
to become areality, as are addressed in the De-
sign Challenges section in the next chapter.

Also, it isimportant to realise that today’s acute
healthcare in The Netherlands is already out-
standing. Ambulance helicopters are a great
solution, but an ambulance drone holds the
potential to be even better. This innovation
would not yet be a necessity in the short term,
but a potential for achieving the highest qua-
lity of acute healthcare possible.

MMT is unable to

Complex

n ien
transport patient maintenance

_________________________________ .
______________________ .
" Response Times
\ Response times are significantly shorter and more
.. L consistent for ambulance drones.
Ny, U

Battery swap for
minimal downtime

... The ambulance drone can operate independently
] I from the regular ambulance, which removes the de-
L L .I lay between the moment of the accident and when the

| N Requires little ... ambulance staff call in the MMT. Also, the ambulan-
... N maintenance ... | ce drone can land nearer to the patient, saving time
...:..r. ‘.._.I transporting the MMT to the destination.
[ .

3 MMT returns to post
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4.1 INTRODUCTION

Combining the important insights from the
research, as explained in the previous chapter,
with my own values and preferences, creates a
vision for the design phase. In this chapter, this
vision is constructed by combining a method
called Vision in Product Design (ViP) and a me-
thod that was developed and implemented in
a previous project, called Design Fundamen-
tals & Challenges.

With the ViP method, the often abstract and
intangible human-product relationships are
identified. Through observation and conside-
ration, the current ambulance vans and heli-
copters are deconstructed. Their underlying
product qualities, interactions and relationship
with the context are described in a way that |,
the designer see them.

After the deconstruction, the development of
the vision converges by creating short vision
statements. These statements are based on
personal preferences, insights and ideas regar-
ding the design of an ambulance drone.

Having established the components of a per-
sonal vision, it is then combined with the in-
sights gathered from research. This is where
the method of Design Fundamentals & Chal-
lenges is used. It helps create a clear reference
point, which ensures the solutions that come
up during the design phase are well connec-
ted to the vision and the research.
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Society also serves the ambulances in a
way; indirectly through taxes and di-
rectly by moving out of the way when an

Vision in Product Design ambulance comes through.

4.2 DECONSTRUCTION Patient and nurse have a conflicting
The ambulance and staff relationship: the professional needs
Ambulance Van/Helicopter exist to serve society. to stay emotionally detached and
) calm whilst showing empathy to
Underlying product comfort the patient.
qualities, interactions
and relationship with the CONTEXT LEVEL

context are described in
a way that |, the designer

observe them. The need for ambulances came

from increased traffic accidents. A certain amount of pride and respect

is attributed to ambulances as they are
a symbol of the good.

In a society with excellent healthcare
systems the ambulances are expected
to perform at a high level.

The vehicle is compliant and made to
serve its users.

) Staff and ambulance have a demanding re-
The staff - ambulance - patient qtionship in which both parties are expected

interaction is maternal. to perform at their best.
INTERACTION LEVEL
The users rely on the performance Operating ambulances requires skill and
of the vehicle. training in order to minimize the chance of

human errors

In a way the users serve their vehicle as well,

as they maintain it to perfect conditions. Ambulances are mysterious

Interior is difficult to understand at a surface Intimidating: lots of drawers,
level: some prior knowledge is required. equipment & buttons.
PRODUCT LEVEL

The ambulance is utilitarian and
has a clinical atmosphere.

Controlled haste

Its flashy colours givea sense
of assurance
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Vision in Product Design
4.3 DESIGN VISION STATEMENTS

Based on the previous deconstruction exercise They can be seen as abstract thoughts that
and insights from the research phase of the form the basis for the more concrete Design
project a list of vision statements that relate to Fundamentals in the next section.

the design of the ambulance drone is created.

PRODUCT LEVEL

“The ambulance drone needs to miti-
gate fear of flying as much as possible,
by providing stable transport and doing
everything to comfort the patient.”

“Visual complexity needs to be reduced
as much as possible in order to remove
the intimidating and technical
impression that current ambulance heli-
copters give.”

“Simplicity rather than complexity”

“The ambulance drone looks like a
reliable friend”

“Rotor noise is minimal and does not
add to the distress of the patient.”

CONTEXT LEVEL

“The ambulance drone needs to be no-
vel enough to evoke pride and interest,
but recognisable enough to evoke trust.”

“The ambulance drone’s appearance

reflects the role of its staff: professional yet

empathic and personal.”

INTERACTION LEVEL

“Inside the ambulance drone there is a
balance between functionalism and an
atmosphere that is psychologically com-
forting to the patient.”

“The ambulance serves its staff, which is
reflected in the way its functions are
designed.”

“The ambulance provides privacy for the
patient from passersby.”

“The interior can adapt to the patient’s
needs.”
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Design Fundamentals & Challenges
4.4 DESIGN FUNDAMENTALS

In the previous sections the components of
the vision have been established. Now the link
between the vision and the insights from the
research is made using a method called De-
sign Fundamentals & Challenges. Given the
large variety of insights and input that has

+ FUNDA-
MENTALS

been generated in the research part of the
project, concise and visual conclusions are a
helpful way to stay in touch with the “bigger
picture” throughout the design phase. They
are a set of extra context based requirements
that are like mantras for the design phase.

DESIGN FOR
TRUST

DESIGN FOR
SIMPLICITY

DESIGN FOR
MAINTENANCE

The design should express that it exists to aid.
Therefore, its appearance needs to be profes-
sional to reflect the expertise of the ambulance
staff and the importance of their role. Profes-
sionalism also reinforces the sense of discre-
tion regarding the patient's privacy. However,
cold professionalism needs to be avoided, as it
is just as important for people to perceive the
drone as friendly and trustworthy, in order to
offset the intimidation associated with flying.

Simplicity translates into two benefits. The
first is reliability; simpler components are less
prone to breaking and as a result increase du-
rability and safety. This also makes the aircraft
certifiable. Secondly, simplicity aids intuitivity
by taking unnecessary complexity and distrac-
tions away from the users.

Given that maintaining the ambulance is a
large part of the staff’s responsibility, the de-
sign needs to provide solutions that allow the
most efficient way to clean, maintain, repair
and upgrade the ambulance.

Like present ambulances, the ambulance dro-
ne can be adapted to fit the type of patient
they are carrying.
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Design Fundamentals & Challenges
4.5 DESIGN CHALLENGES

The design fundamentals provide a way
to judge the quality of a design solution.
This ensures that the design challenges
are answered in accordance to the ori-
ginal vision and the most important in-

sights from the research phase. As can be DESIGN DESIGN
seen in the figure on the right, the Design SOLUTIONS FUNDAMEN-

Fundamentals are the test that solutions TALS

need to pass in order to successfully solve
a design challenge. T

The core design challenges that have ITERATIONS
been identified from the research are:

DESIGN CHALLENGE 1  Efficient “last mile” mobility

Since an ambulance drone is not expected to get as close to the location
of the incident as regular ambulances can, a solution needs to be found
for efficiently and comfortably transporting necessary equipment from
the drone towards the patient.

DESIGN CHALLENGE 2 Ambulance layout for efficient workflow

Ensuring the layout of equipment is logical and convenient for the nurses,
based on various tasks they need to perform.

DESIGN CHALLENGE 3 Visual identity

Being a visionary project, the appearance of the ambulance drone is also
an important point of attention. As such the aesthetics of the exterior and
interior need to be designed according to the vision of the designer and
the needs of the users.

DESIGN CHALLENGE 4 Transporting patients safely and comfortably

Ambulance vehicles are shaky and helicopters are loud, causing discom-
fort to the patient and the staff. Therefore solutions to these issues need to
be addressed in the design of the ambulance drone.

DESIGN CHALLENGE 5 Integration of technical package

The technical components need to be integrated with the optimal layout
of the ambulance drone to complete the final design.
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4.6 STYLE COLLAGE

Below is a collage that was made to investigate nalism. Also, to stipulate the ambulance drone
the visual style that would suit the ambulance as a future vision, some level of sophistication
drone. From ViP and the Design Fundamentals helps set it apart as innovative.

it became clear that the appearance requires

a balance between friendliness and professio-

PROFESSIONAL

SOPHISTICATED

FRIENDLY
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4.7 VISION & MISSION

Now the chapter concludes with a vision and a
mission statement. These are similar but also dis-
tinct in a key way.

The vision is the long term goal that the project
aims to help achieve.

The mission is the goal within the scope of the
project, or in other words: the goal of the project
itself.

VISION

An ambulance drone that fits like a glove to
its staff, patients and society and provides
the best care anywhere in The Netherlands
in the quickest, most reliable and effective
way possible.

MISSION

A design proposal with a unique identity
that inspires and informs the development

of ambulance drones for the scope of 2035
and beyond, through context-driven and
user-centered design solutions.
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5.1 INTRODUCTION

In this short chapter the Program of Require-
ments is presented and explained. The pro-
gram consists of two types: requirements and
wishes. Next to that, each requirement and
wish has been indexed with the source type.
These sources are: literature, expert and me,
the designer.

Usually when following the rules of compiling
the program of requirements, only qualita-
tive data can be considered a requirement,
whereas quantative data is always a wish.
However, given the conceptual nature of this
project, there is a lot of uncertainty regarding
the exact specifications of many features and
functions of the ambulance drone. Therefore
it was decided to include quantative data as
requirements as well. The distinction between
requirement and wish has instead been based
on how critical the function is for the success
of the ambulance drone.
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5.2 PROGRAM OF REQUIREMENTS

R = Requirement
W = Wish

Source type
L = Literature

E = Expert

D = Designer

1. Dimensions and weight

1.01 R|E,L max. payload of 1000 kg

102 R|D min. landing area of 25 x 25 m

103 W |D min. landing area of 15x15 m

104 RJ|E,L weight distribution that offers stability
105 R|D max. width of 250 cm

2. Performance

201 R|D,L max. response time of 15 minutes

202 RJ|E energy reserve for emergency landing/take-off during transport to hospital
203 R|D automated flight system in combination with remote operator
204 W|D fully autonomous flight system

3. Safety

301 RJ|L redundancy in critical components

302 RJ|L battery reserve for unforeseen delays

303 RJ|L safe workspace

304 RJ|E rotor units placed on top of aircraft

305 R|L cybersecurity system

306 R|D ambulance drone is able to operate at night

4. Operation & connectivity

401 RJ|L remote operator can communicate effectively with the on board staff
402 R|L remote operator can communicate effectively with the control room
403 R|D remote operator can communicate with the hospital

404 W |D nurse can be virtually assisted by doctor in the hospital

405 R|D,L access to patient records

5. Interior

501 R|D space for two nurses + patient

502 WI|E space for extra passenger

503 W|D,L, E modularstorage units

504 R|D,E sufficient lighting at night

505 WI|E adjustable lighting

506 R|E easy to clean surfaces

507 RJ|E,L seated access to monitor, patient records and a selection of gear
508 W|D minimal visual complexity

509 W|D psychologically comforting environment

510 R|D min. 1,50 m?3 of storage space

6. Exterior

601 W|D friendly/approachable appearance

602 W]|E,L access to equipment from outside

6.03 R|D loading stretcher conveniently and safely

6.04 W|E,L privacy; no visual access to the interior

605 R|D yellow paint with ambulance striping
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7. Stretcher

701 R|D,E sufficient access to head

702 W|D,E sufficient access to lower body

703 W|D,E access to both sides of the patient

704 R|D can be raised or lowered in order to position the patient
705 R|D,E needs to be compatible with other healthcare facilities
706 W |D integrated storage units

5.3 EXPLANATION

1. Dimensions and weight

The maximum payload has been estimated
based on the payload of an ambulance heli-
copter, which carries around 1500 kg in terms
of equipment and passengers. Given the sim-
pler architecture compared to a helicopter and
(usually) carrying only three people at most, a
maximum payload of 1000 kg has been set for
the ambulance drone.

The minimum landing area of a helicopter is
25 x 25 m. Since the ambulance drone has a
smaller footprint, an area of 15 x 15 m would be
preferred.

The maximum width of the drone has been
set at 250 cm, which is the maximum width for
roadgoing vehicle. This ensures that the drone
is able to land on almost all roads and paths.
Note that this dimension excludes the rotor
tree.

2. Performance

The response time is based on the current
maximum of 15 minutes. Energy reserves need
to be built in for unforeseen circumstances. An
automated flight system in the goal, but an al-
ternative option is a remote pilot.

3. Safety

Redundancy prevents terminal damage and
allows the aircraft to make an emergency
landing. Placing the rotors on the top means
more stability and is a safer location for bystan-
ders. The cybersecurity system is needed for
the (semi-)autonomous flight system. Lastly,
the aircraft needs to be able to fly at night with
the appropriate sensors.

4. Operation & connectivity

These points are mostly self explanatory.

They are included in the requirements, becau-
se they are a critically important functionality
for the staff of the ambulance drone.
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5. Interior

The drone needs to carry three people in to-
tal: nurse(s) and/or a doctor and the patient. A
bonus would be for an extra passenger to be
transported as well, which is a functionality
normal ambulance vans offer. Next, the modu-
larity of the interior is important, offering ad-
justability in terms of storage and seating. The
interior also needs to be laid out such that the
staff can stay seated while performing tasks.
Total storage space should be around 1,5 m3,
this is around 70% of the ambulance van's ca-
pacity. Lastly, a wish would be for the interior to
be visually inviting, as such all distractions and
clutter should be removed where possible.

6. Exterior

As already explained in the previous chap-
ter, the appearance of the drone needs to be
trustworthy. Equipment needs to be able to
be accessed from outside; an important time-
saving functionality on ambulance vans. Pri-
vacy of the patient also needs to be taken into
account, therefore visual access into the drone
needs to be minimized. Lastly, the ambulance
drone needs to be recognisable as being part
of the Dutch ambulance fleet, this means it
needs to be painted in the yellow livery with
red and blue striping.

7. Stretcher

The stretcher is the center piece of the interior,
allowing the patient to be transported safely
and the staff to work effectively. Therefore ac-
cess to the head is necessary and access to
the lower body and both sides of the patient
is desired as well. It should also offer plenty of
adjustability and needs to be compatible with
existing healthcare facilities (e.g. hospitals, am-
bulance vans, etc.) Lastly, the stretcher is an
opportunity for improving the trip from the
aircraft to the patient, by offering integrated
storage units.
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E. DESIGN

6.1 INTRODUCTION

In this chapter the steps in the ideation phase
are explained. In reality the ideation process al-
ready started during the research phase of the
project and extended into the early parts of the
design phase.

In order to log these ideas and sketches, the
ideation “family tree” was made, as shown on
the next pages. The reason behind ordering
the sketches in such a way is that it creates a
clear relationship between different directions
of ideas, which can otherwise become quite
chaotic in such a complex project.

Some of the ideas in this overview have a lot of
potential and are highlighted. Later on it will
become clear how these ideas were used in
the rest of the ideation and design phase.
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E. DESIGN

6.2 VIRTUAL REALITY AS AN
IDEATION TOOL

Having gone through the normal process of
sketching ideas, | felt it limited my ability to
get a grasp on the scale of the design and the
relationship between the user and all the ele-
ments that make up the interior of the ambu-
lance drone.

Having had prior experience with using VR for
sketching and developing ideas, | knew that
this would be a very helpful tool in this pro-
ject. Using the program Gravity Sketch, | went
through an iterative process of trying to dis-
cover the optimal layout for the interior of the
ambulance drone. In the next section these
steps are explained, with their according ima-
ges.
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6.2.1 Seated points of reach

The first step in determining the relation-
ship between user and interior was to plot
the area that is within reach from a seated
position. This was done by using myself as
a reference. | placed green dots around me
by stretching only my arms and keeping my
back against the chair. Then | placed purple
dots by leaning all the way forward, down,
sideways and upwards. These points are the
farthest | can reach from a seated position.

Having plotted these points, | then placed
a standard dummy and scaled it so that it
corresponded with the plotted points. This
could then be used as a basis for ideation
sketches of the interior layout.
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6.2.2 Dummies as reference

Here you can see the dummies being uses as
reference for layout sketches. These sketches
explore different positions of the nurses around
the patient; one on each side, both on one side,
etcetera. Doing this gave a good sense of the
width of the aircraft and where there would
space for storage and equipment.

gravity sketch

grav‘\ty 5 ketd{
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gravity sketch

6.2.3 Volumes as reference

The total volume of storage space that the
ambulance drone should need was based on
that of the ambulance van, as can be seen in
the first three images. | used this input to make
several different volumes in SolidWorks which
together would create the necessary amount
of storage space. These volumes were imported
to Gravity Sketch and used as reference for the
interior layout sketches.
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6.3 RESULT

Creating two methods for basing the interior
layout on real life dimensions (dummy and
storage volumes) gave a lot of insights into
the possibilities and challenges for creating
the optimal interior layout.

For example, the biggest challenge is to cre-
ate a layout that allows optimal access to

all parts of the patient’s body. Ideally, there
would be space on all sides of the stretcher,
but this would make the cabin too large.

Another challenge is the location of the door.
This needs to be placed so that the patient
and stretcher can be loaded safely and conve-
niently. For some layouts the optimal place-
ments of the entrance creates problems for
the storage space. This is because the remai-
ning useable spaces were a strange shape or
simply too small.

In short, some ideas were clearly less feasible
than others.
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E. DESIGN

7.1 INTRODUCTION

In this chapter three concepts are presented
and explained. These are a result of the idea-
tion in VR. At this point the design phase natu-
rally evolved into an inside-out process.

This means that the foundation of the design
of the ambulance drone is the interaction
between patient, staff and interior.

The shape of the interior will therefore have a
lot of influence on what the exterior will even-
tually look like.
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7.2 CONCEPT 1

This concept was based on the VR sketch
shown at the bottom of the page. It follows a
traditional approach when it comes to the in-
terior layout, as it is similar to the current lay-
out of ambulance vans. The advantage of this
is that it creates a narrower and taller design,
allowing the staff to stand upright inside the
cabin.

Interior

The storage compartments are mostly placed
on one side of the interior, along the wall. It fea-
tures shelves, drawers and refridgerated com-
partments for drip bags and blood. A screen
can be extended from this unit as well, which
creates a little workspace for reviewing patient
data and staying in contact with the remote
pilot.

The stretcher is placed along the opposite wall.
The stretcher also features modular storage,
which can be used to transport equipment
towards the patient. The stretcher can be re-
moved seperately, without the storage units,
which effectively makes it a regular stretcher.

The medical staff is seated on the head and al-
ong the side of the stretcher. This is the same
setup as used in ambulance vans. It has the be-
nefit of providing good access to the head and
most other parts of the body. The only draw-
back is that the side of the patient that is
nearest to the wall is more difficult to reach.

Rotors

The rotors have been placed on top for stabi-
lity and safety purposes and are connected to
a base, which from now on is called the rotor
tree. This tree allows space for the allocation of
hardware components like wires, power con-
trol, flight controller, etc. The rotors also feature
ducts. These add more thrust and also provide
safety and noise reduction.

Exterior

The exterior design has an emphasis on soft-
ness and friendliness. It features soft and sim-
ple curves with a wrap-around landing gear,
which gives it a planted impression.

The windows are deliberately placed higher
around where the patient lies, adding privacy.
The exterior is completely symmmetrical, becau-
se the drone can fly in any direction and orien-
tation.

The dimensions of the cabin are approximately
4 meters long by 2 meters wide.
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7.3 CONCEPT 2

This concept evolved from the VR sketch that
is shown below. What makes this layout stand
out is that the patient is at very centre of the
interior, with the stretcher placed across the
width of the aircraft. This creates space on both
sides or the patient where the medical profes-
sionals can sit and move freely from side to
side along the entire body of the patient.

Interior

Storage is symmetrically placed on either side
of the patient in what could be considered
the nose and the tail-end of the aircraft. The
storage spaces are placed low in order to keep
the field of view of the patient as clutterfree as
possible.

Loading the stretcher via a side door has the
advantage of creating a really large entrance,
which creates a lot of space to move.

gravity sketch

The stretcher also features the modular
storage compartments underneath, like in
concept 1.

Rotors

Like in concept 1, the rotors have been placed
on top for stability and safety purposes and are
connected to the rotor “tree”, which provides
space for the hardware components. The ro-
tors also feature ducts for the same reasons as
mentioned in concept 1.

Exterior

The aircraft stands on four legs, which gives it
a sense of stability. The design is completely
symmetrical, because the aircraft can fly in any
direction. The cabin is around 4 meters long
and 260 centimeters wide.
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The sketch below is a variation of the ini- The sketch below also shows that part of the
tial interior (above), where the stretcher has storage units at either side are accessible
been fitted with a pivot point, allowing the from outside, which is for easily retrieving
patient to be rotated 90 degrees. This makes equipment that is mostly used outside of the
the head and feet more accessible, a short- aircraft.

coming that was a concern in the original in-

terior.
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7.4 CONCEPT 3

Like the previous concepts, this concept was
based on one of the VR sketches, as can be
seen below.

Interior

The interior of this concept is based around
maximising the use of space. Similarly to con-
cept 2, there is exterior storage space on both
ends of the aircrafts. Like concept 1, the interior
storage units are placed on the wall opposite
the stretcher. It features drawers and shelves.

The stretcher is a similar design as in the other
two concepts.

The chairs of the medical staff are placed on
rails in the floor, which allows them to move
along the side and head of the patient. This al-
lows them to reach all storage and equipment
from a seated position.

Above the patient is a unit that displays the
monitor data. This unit also has built in lighting
and hooks for attaching drip bags.

Putting the entrance to the aircraft on the side

grauity sketch
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where the stretcher sits is optimal for maximi-
zing usable space inside the cabin. This is be-
cause the wall next to the stretcher can not be
used for storage anyway.

Rotors

Like in concept 1 and 2, the ducted rotors have
been placed on top for stability and safety pur-
poses and are connected to to the rotor tree,
which provides space for the allocation of hard-
ware components.

Exterior

The exterior storage units on both sides pro-
trude, creating the distinctive body shape. This
is also a convenient placement, putting the
equipment at a comfortable height to grab it.

The exterior shape of this concept is more an-
gular than the previous concepts, which gives
it @ more serious appearance.

The landing gear is fixed, which is a simpler
and less failure sensitive option compared to a
retractable landing gear.

The dimensions of the cabin are approximately
4.4 meters long by 2,4 meters wide.
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7.5 DESIGN CONSIDERATIONS

Having explained the three concepts, it is time
to select elements of each concept and com-
bine them into the final concept. The obvious
guideline for this selection is the program of
requirements, so in the next section the three
concepts are evaluated based on the POR.

In this paragraph an overview is provided of all
the insights and considerations that influence
the selection and creation of the final concept.

7.5.1 Evaluation of Program of Requirements

In Appendix F, the program of requirements
has been evaluated based on each concept's
performance. This provides a first impression
of the qualities, limitations and opportunities
of each concept. The selection makes a distinc-
tion between a requirement and a wish. When
a requirement has not been met, the concept
cannot pass the selection in its current state.
The concept that has met the most wishes is
the preferred option, granted they have pas-
sed all requirements.

Concept 1's simplicity allows it to meet all re-
quirements, but it lacks in areas such as flexi-
bility and space. Access to the far side of the
patient’s body is limited, similar to current am-
bulance vans. The interior is fixed and cannot
be rearranged or adapted.

Concept 2’'s interior layout provides a superior
seating position for the staff, but is therefore
also a lot less compact, causing the aircraft to
become too wide. It fails to meet the maximum
width requirement of 250 cm. Making the lay-
out fit within the width requirement would al-
ter it too much, causing the concept to lose its
value.

Concept 3 has some of concept 1's simplicity
and thus also lacks in the flexibility of the in-
terior. On the other side, it has a lot of oppor-
tunities to combat these issues by altering the
interior layout slightly. In terms of the exterior
it provides the most benefit, because there are
several exterior storage units, placed conve-
niently around the aircraft.

Concept 3 fails to meet one requirement, na-
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mely that of convenient unloading of the stret-
cher. This is because the concept features a
side door, which causes the stretcher to tilt at
an awkward angle when loading it into the air-
craft. A rear door, like in concept 1, would solve
this issue.

7.5.2 Input from experts

In order to get a better idea what the final de-
sign should look like beyond just the program
of requirements, a number of experts were
consulted from the fields of aviation and acute
healthcare. They provided feedback based on
the three concepts and the project in general.
Below is a selection of important insights that
were of direct influence on the final design. For
all the insights see appendix G.

The following experts were consulted:

Jaap Hatenboer: Innovation manager
UMCG Groningen

Sabino Valentino: ZERO-G Design — Aviati-
on and transportation design consultancy
Christoper Courtin: MIT - Department of
Aeronautics and Astronautics

Alexandra Slabutu: United Rotorcraft
Frank Latour: Ambulance Helicopter Nurse

Joap Hatenboer: It is important to consider
the use case of the drone in relationship to
how it is equipped. Smaller, wingless mul-
ticopters would be suitable for shorter res-
ponse times, as they do not need to provide
much treatment during flight and so less
equipment is needed onboard. This is a lot
like Medical Evacuation, where the main goal
is to get the patient to a safe location with
better facilities for treatment. Generally these
patients do not have acute life-threatening
injuries. For longer range flights, where heal-
thcare facilities are not closeby, larger, win-
ged eVTOL's would be the best suited, as it
basically becomes a flying emergency room
where treatment can be performed during
transit.

Looking at The Netherlands, short ranged
flights would be the most common, given the
size of the country. Long range drones would
be useful for extreme and less frequent situ-
ations in which a person needs to be saved
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from a remote area with no healthcare facili-
ties nearby. Long range drones would certainly
not be suitable for urban environments, which
is a considerable downside and rules out a lot
of other use cases. The best solution lies some-
where in between; a wingless drone that can
be equipped to perform common procedu-
res (like the current ambulance van), but can
also be stripped down into a simpler version
with minimal equipment for very short range
flights. This way the drone can be adapted for
most urban missions (short range with plenty
of healthcare facilities nearby) and for most ru-
ral missions (medium range with fewer heal-
thcare facilities). This also points to the need
for modularity in the design of the ambulance
drone.

Joap Hatenboer, Alexandra Slabutu: There is
an increased focus on modularity in the de-
sign of the interior of ambulance helicopters
today. Placing and removing equipment and
storage is necessary to adapt to varying situ-
ations. A general rule is that simple solutions
make an interior much easier to certify. Try
to find the balance between adaptability and
complexity.

It is clear that there is a large need for flexibility
in the interior of an ambulance, which makes
sense given all the different use cases. Some
examples are: patients of different ages, sizes,
etcetera, a large variety of injuries, different lo-
cations of operation, several different primary
users (nurses, Maintenance, cleaning). So, in-
corporating modular solution is certainly the
best way to cater to all these stakeholders.
When designing modular solutions, it is im-
portant to maintain ease of use and limit the
increase of complexity.

Sabino Valentino: The rotor tree should pre-
ferably be integrated into the roof and the
landing gear is best oriented along the length
of the aircraft for aerodynamic benefit. Also,
the contour of the aircraft is most efficient if
it follows the airfoil shape.

This applies mostly to the exterior design of
the drone, which will have to be changed quite
drastically compared to the three concepts, be-
cause all concepts feature a separate rotor tree
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and a completely symmetrical body shape.

Frank Latour: The equipment that the ambu-
lance helicopter team uses is mostly stored
in large backpacks that are carried to the pa-
tient. These backpacks are heavy and can be
a nuisance to take in and out of the helicop-
ter. Also, there are many instances in which
not all of the equipment is needed that is in-
side the backpack.

This feedback again ties into adaptability and
modular solutions, also stipulating the impor-
tance of “last mile” transportation solutions.
This points in the direction of a stretcher with
some sort of storage facility.

Sabin Valentino, Christopher Courtin: The
best bet in determining the size and weight
of batteries, payload and total weight is to
use an existing eVTOL as a basis (like the Ci-
tyAirbus) and use weight fractions (e.g. W_
payload/W_total). Scale these factors to the
desired amount for the ambulance drone
and use these weight fractions to see what
the weight of each of the elements will be-
come. Of course this only holds true for the
same range and speed.

To estimate the total weight of the new con-
figuration, keep the same weight fractions
and scale based on the payload. That will give
you a reasonable first estimate, assuming the
cruise speeds, ranges and battery specific
energies are the same.

The power density of hydrogen fuel cells is at
present quite low. There is also a delay in po-
wer output, making it a less responsive sys-
tem than batteries.

With the premise the batteries for EV are dif-
ferent from those for VTOL, we can foresee
the following variation from today towards
the future:

Today: 250-350 Wh/kg

In 5 years: 500-600 Wh/kg

In 10 years: 700-750 Wh/kg.

Determining the technical performance and
battery size for an ambulance drone in 2035 is
one of the major challenges of this project. It
is therefore essential to use educated guesses
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based on information from experts. Thankfully
these experts were willing to provide their es-
timates, which were used to compute a per-
formance overview for the final design of the
ambulance drone in the next chapter.

7.6 CONCEPT SELECTION

Having evaluated the three concepts based on
the program of requirements and having col-
lected feedback from experts, a few clear focus
areas have arisen:

Modularity and adaptability

One of the major insights is the need for mo-
dular solutions, as such this needs to form one
of the most important bases for the final de-
sign. Modularity allows the drone to be adap-
ted for use cases in different environments,
such as urban and rural areas. It also allows the
onboard staff to create their preferred setup.
Lastly, it caters to the needs of secondary users,
such as maintenance workers and cleaners.
This is because a modular interior is easier to
take apart, clean and replace/repair.

Simplicity

There are several factors that call for simplicity,
such as minimizing weight, reducing visual
complexity, optimal user-product interactions
and passing certification. This poses a challen-
ge in combination with modularity, as modula-
rity often sacrifices some simplicity.

Technical architecture

The final design will feature an electric propul-
sion system. Aerodynamics need to be a larger
design constraint in the final design, as it plays
a big role in achieving the performance requi-
rements.

The vision (chapter 4) is also an important part
of the final design and there is some clear
overlap in the Design Fundamentals that were
established in the vision and some of the afo-
rementioned focus areas that have arisen. This
is a valuable discovery, as it partly confirms in-
sights gained in the research phase. According
to the vision, the final design also needs to per-
form well in terms of the design fundamental
“trust”. This means the styling should take into
account the perception of the public, users
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and fit well within its context.
7.6.1 Conclusion

So, with the focus for the final concept clearly
established, concept 3 provides the most op-
portunities as the basis for the final design. It
has a great balance between size, amount of
storage space and access to the patient. It also
has the best integration of exterior storage. It
still lacks in terms of modular solutions, as the
interior is mostly made up of fixed storage spa-
ces. Loading the stretcher from the side of the
drone is also not ideal. Lastly, it does not per-
form well from an aerodynamic point of view.

The final concept also needs to be adapted to
incorporate modularity. The good thing is that
this concept is more suitable for this than con-
cept 2, as that is very restricted by the sideway
position of the stretcher, which affects the size
of the drone too much and limits useable space
for equipment. Concept 1is also a good inspira-
tion for the final design, as it is on the simpler
side of the spectrum. It has a very simple lay-
out with minimal components, which makes
the interior look neat and friendly. It can also
be adapted for modular elements quite well
and has a convenient rear door ramp.

In general, the process towards the final de-
sign is very much iterative instead of selective.
This means that the concepts mostly function
as a basis which, together with the input from
experts, is built upon to create the final design.
In the next chapter, the final design is develo-
ped using all the new insights.
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8.1 INTRODUCTION

In this chapter the process of establishing the
final design is explained. It is structured around
the five Design Challenges as defined in para-
graph 4.5, explaining the solutions that have
been designed to tackle each of these challen-
ges. For convenience sake, a list of all the de-
sign solution present in the final concept can
be found under appendix H.

The final concept has been named AirMedic,
which it how it is called in the rest of this chap-
ter.
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8.2 DESIGN CHALLENGE 1: EFFICIENT
“LAST MILE” MOBILITY

The first design challenge is about solving the
issues with the trip from the aircraft towards
the patient. From the interview with Frank La-
tour (paragraph 1.4.2), it became clear that ha-
ving to carry equipment in backpacks is not
always ideal.

In the ideation phase, the idea for a stretcher
with storage units started to take shape.
Having first explored more ambitious solutions
in which the drone itself would be able to drive
to the patient, it was decided a simpler solution
was needed. The stretcher was a clear opportu-
nity, as it is one of the most important pieces of
equipment in the AirMedic. It has wheels and
it has a lot of vacant space that could be used
for storage.

Trying to figure out which way the storage
units should be attached to the stretcher was

the biggest challenge, because the stretcher
also needs to adjust in several ways. This means
that the storage units need to be moved aside
or be taken off in order to enable the other
functions of the stretcher.

How this was achieved in the final design of
the stretcher is explained in this paragraph.

1. STRETCHER DESIGN - The design below was made
after several iterations for the stretcher design during
the ideation phase. These can be found in the idea-
tion “family tree” of chapter 8.

Based on this, a CAD model was made in SolidWorks,
which can be seen in the rest of the visuals of this
section.
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2. STORAGE UNITS - The storage units
move sideways with a double hinged
arm, placing them along the side of
the stretcher. This frees the space un-
derneath the bed, so it can be lowered
or raised.

The storage units can also be taken
off completely, turning it into a light-
weight stretcher that can be maneu-
vered more easily. The wheels are
large and have all-terrain tyres for dif-
ferent kinds of surfaces.
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The stretcher bed in its lowered position
©112 so that a patient can be put onto it.

These images are from an emergency services practice, not a real accident.
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3. ADJUSTABILITY

The stretcher is remote controlled; no pushing required.

With the storage units moved a
the stretcher is accessible for the pa
be positioned onto it.
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8.3 DESIGN CHALLENGE 2:
INTERIOR LAYOUT FOR EFFICIENT
WORKFLOW

The interior layout is the most important part
of the design of AirMedic.

This is because one of the ambulance drone’s
main benefits is having the freedom to design
it for its purpose of treating and transporting
patients, from the ground up. So it made sense
to design the AirMedic from inside out, star-
ting with the interior.

Concept 1

1. BASED ON CONCEPT 1& 3 - The interior design was
based on concept 1 and 3 and adjusted based on the
feedback from experts (paragraph 7.5.2). This means
modularity became a major focus point. What was
carried over from the interiors of concept 1 was the
general layout, with the stretcher on one side and the
storage units on the other side. The rear loading ramp
was also carried over from this concept. In general this
interior layout is simple and compact. From concept 3
the exterior storage unit on the front of the drone was
taken, as well as the monitor unit above the patient.
The chairs on rails in concept 3 have also been encor-
porated in the final design.

Concept 3

Stretcher
storage

Terrain wheels

Touch controls

Patient monitor
unit

Floor rail
section view
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This sketch, as well as the one stretching across the bottom give
an overview of all the features in the interior design.
In the rest of this paragraph these features are explained in depth.

Patient Data

. Cooled storage
Rail attachment Blue walls =

system

r s

Oxygen supply

Single action
interaction

White floor
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2. THE INTERIOR

Blue is a colour that is associa-
ted with trust and calmth. that
is why it has been chosen as the
main colour for the interior.

These storage units are the same
ones that attach to the stretcher.

attached to a rail
lowing them to be
here along the




A pattern-wrap on the windows
ensures the privac f the cabin

A mesh backrest keeps the chair
lightweight and compact.

Touchscreen for patient's
medical data and commu-
nication with the remote
pilot.
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Oxygen supply can be reached
from inside through this opening.
The position is within reach of
the medical staff and close to the
patient.
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Touchscreen for patient's

/ medical data.

y
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Seats are adjustable in height
and can rotate 360 degrees.
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3. MODULAR STORAGE SYSTEM

The storage units are completely modular, which
makes it possible to create different configurati-
ons and makes it easier to maintain and clean the
interior. The units shown here are the same as on
the stretcher. They feature an easy to operate wall
mounting system, which is explained in more detail

below.
-
]
When not in use, the handle sits Flipping the handle pushes out
flush inside the top of the storage the wall mount

unit. ——\

Railing in the wall. The spring comes under tension, pulling
the storage unit tight against the wall.

Apart from the
storage units that
are compatible with
the stretcher, other
storage units are also
part of the system,
such as this taller
cabinet with a com-

bination of drawers
and shelves.
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4. EXTERIOR STORAGE

The image below shows the shell of the interior,
basically the chassis of the AirMedic. On both
sides there are exterior storage compartments.
This makes it easy for the medical staff to
extract equipment that is solely used outside,
without having to enter the aircraft.

This shallower storage unit is
for long and flat items like a
spine plank or a stabilisation
mattress.

This storage compartment is mainly used for
smaller gear, such as face shields, helmets and
bags. It also stores the oxygen bottles, which
allows it to easily be replaced from outside.

5. MONITOR

This monitor has an articulating arm, that way it can the bottom turns the monitor into a work light.

be raised or lowered and swiveled from side to side. The bottom of the monitor also has hooks to which
The wrap-around display ensures that the data is visi-  drip bags can be attached.

ble from all sides. The built in light bar on
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8.4 DESIGN CHALLENGE 3:
VISUAL IDENTITY

The last, but certainly not the least step is the
exterior design. With the interior completed,
the exterior can be designed. However, it needs
to take into account more than just the interior
layout. In the vision, the styling philosophy has
also been established. This pointed to a

E. DESIGN

balance between professionalism, friendliness
and innovation.

Next to the vision, experts also pointed towards
the overall shape of the exterior, which needed
to be more aerodynamic.

In the rest of this paragraph all the exterior fea-
tures are explained.
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1. EXTERIOR SHAPE

As mentioned, the aerodynamic requirements are impor-
tant for the exterior shape. This means that the symmetri-
cal shapes that were part of the concepts are not the most
ideal shape. In fact, the most aerodynamic shape is that of
an airfoil. It is not possible to achieve a full airfoil shape, as
this is not a shape that is suitable for maximizing interior
space. The next best option is a cut-off airfoil shape, like a
wedge, as can be seen on the right.

2. EXPLORATION - After the concept phase a
new exterior shape was investigated, based on
the aforementioned insights. This led to the
shape below, which has a wedge shaped pro-
file and features a landing gear placed along
the length of the aircraft. It wraps around the
entire aircraft, giving a sense of stability, similar
to Concept 1. It also has a dynamic mid section
which flows from front to back. The organic
shapes help to give it a sense of speed but also
make it look soft and approachable.
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2. REFINEMENT This iteration features open rotor ducts, because the
The sketch shown in the previous exploration was just decision was not yet made to make the rotors tilting.
the first quick idea. A lot of refinement needed to be

done in order to make it compatible with the interior The nose of the aircraft has a big matrix panel on which
and look good. In this section the iterations towards the headlights are projected. Next to that, in can be

the final exterior design are explained. used to display messages to bystanders. The window
has a pattern wrap, which blocks sunlight and adds
The sketches below show the first iteration. privacy.

First iteration
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Graphic elements referencing the Modyn logo.

Matrix panel

Exterior storage doors
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i

Storage doors have been integrated
better with the side shape.

The landing gear has been restyled,
The projected headlights have Second iteration integrating it better into the front of
become physical headlights, which the aircraft and the rotors.

can emit more light.

Closed rotor ducts, which
are possible thanks to the
tilting mechanism.

Rear matrix panel for
displaying information.

Final iteration
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3. CAD MODEL

In order to visualise the final design and be able to
make video animations, a CAD model was made.

First, the interior was made in SolidWorks. In Solid-
Works the assembly components could be mated,
allowing them to be moved realistically. This would
come in handy for the video animations.

The SolidWorks model was then imported into the VR
program Gravity Sketch, where it was used as the basis
for the exterior surfacing.

Both the exterior and interior were imported into ren-
dering software, where video animations and images
were rendered.

SolidWorks model

SolidWorks model inside the exterior
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Exterior surfacing in Gravity Sketch
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AMBULANCE

The rotor arms have
openings near the ro-
tors. They prevent the
arms from obstructing
the thrust of the rotors.
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The lighting gives the drone
= el a friendly face, making it
relatable.
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8.5 DESIGN CHALLENGE 4:
SAFETY & COMFORT

Ensuring the safety and comfort of all people
on board the ambulance drone is of course pa-
ramount. Several solutions have been imple-
mented in the AirMedic, which are explained
in this paragraph.

1. TILTING ROTORS - tilting the rotors ensures that the cabin stays level, instead of having to tilt the entire
aircraft forward in order to travel forward. This provides the medical staff with a more stable environment to
work in and it keeps the patient steadier.

2. ROTOR DUCTS - the ducts around the rotors protect the rotors from foreign objects. Similarly, it also pro-
tects people from the rotors themselves. The ducts also help to lower rotor noise, enabling the staff inside the
AirMedic to communicate better with each other and the patient.

n2
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3. ROUNDED EDGES - The interior features rounded edges and flush handles.
That way no one can accidentally bump into a protruding or sharp point.

4. SECURED STRETCHER - The stretcher is anchored to the floor by a support that raises up from the floor.
The wheels of the stretcher also lock when the AirMedic is flying, keeping the stretcher firmly in place.
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8.6 DESIGN CHALLENGE 5:
TECHNICAL ARCHITECTURE

The last step in the design is the integration
of the technical package. During the design
phase, as it became more clear what the Air-
Medic would look like, the technical architec-
ture was formed and relevant performance
factors were identified.

The estimates of the performance factors and
technical aspects of the AirMedic were made
by comparing the AirMedic with an existing
eVTOL, the CityAirbus, which is similar in terms
of size and performance requirements.

Using ratios, the performance factors of the
CityAirbus were extrapolated to the AirMedic.
This gives a general idea of what the statistics

of the AirMedic would become, which are ex- 1. ROTORS - The rotors are coaxial. This means that
. . . there are two rotors placed on top of each other.

plained in this paragraph. The benefits of this are explained in appendix D.

In total the AirMedic features eight propellers with

a diameter of 250 cm each.

2. DIMENSIONS - Thanks to the simpler technical ar- compact size makes the AirMedic suitable for smal-
chitecture, the AirMedic is a lot smaller than the cur- ler landing areas, reducing the distance towards the
rent ambulance helicopter. Yet, the interior space of scene of the incident and ultimately creating lower
the AirMedic is larger and more practical as well. The response times.

< »
< >

12m
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3. BATTERY - The battery is the most critical part of
the technical architecture. It was therefore important
to get a good estimate on its size and performance,
based on the expected battery developments that will
have occurred by 2035.

Extrapolating the battery performance was not as sim-
ple as using the CityAirbus as a reference. Instead, it

4. MAXIMUM TAKE-OFF WEIGHT - Based on the Ci-
tyAirbus, it was estimated that the AirMedic would
have an empty weight of around 1850 kg (appendix ).
Add to this three people, the stretcher, equipment and

needed to be based on the predicted battery techno-
logy by 2035. To make the most realistic estimate pos-
sible, experts were consulted (appendix G). This yielded
a battery mass of circa 580 kilograms and a size of 100 x
206 x 10 cm. The scale of the battery means that it can
be integrated into the floor of the AirMedic. For the full
calculation of the battery see appendix I.

storage units, a total payload of somewhere between
500 and 750 kg is realistic. This puts the max. take-off
weight at around 2350 to 2600 kg. This is lightly lighter
than the ambulance helicopter.

<
<
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8.7 VERTIPORT

In appendix B, three scenarios for the imple-
mentation of ambulance drones in The Ne-
therlands were investigated. Based on these
scenario’s, three concepts were created, which
are explained in appendix C.

With the AirMedic design completed, it is pos-
sible to think about how the take-off and lan-
ding platform and maintenance infrastructure
could be facilitated. A proposal for this is shown
below.

E. DESIGN




The facility features seperate charging docks
and a mobile landing platform that can be rol-
led out of the maintenance hall. Robotic carts
are responsible for swapping the battery.

Basically, the AirMedic could be distributed as
a total package, including platform, carts and
charging facilities.

This enables the AirMedic to be housed in any
existing building that is large enough and has

E. DESIGN

sufficient space outside for take-off and lan-
ding. It is a cheap and simple solution, with no
need for new buildings.
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9.1 INTRODUCTION

In this short chapter the project is concluded
and evaluated. It starts with a conclusion of the
result of the project. Then follows the recom-
mendations, explaining what challenges still
need to be tackled when the AirMedic is deve-
loped further. Next is an evaluation of the pro-
cess, followed by a personal evaluation.

no
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9.2 CONCLUSION

Contrary to what the project’s title and pre-
mise might imply, the AirMedic is not a wildly
conceptual result. In fact, it could be conside-
red an iteration of the current ambulance van
and helicopter. As stated in the synthesis of
chapter 3,the ambulance vanis a very comple-
te product in many ways. The AirMedic takes
learning from this and improves on it wherever
possible. It truly is the next generation flying
ambulance.

The previous chapter showed how each design
challenge was solved. But that is only one part
of the equation. Looking at the Design Fun-
damentals will tell whether the solutions hold
true to the vision of the project.

The first fundamental, trust, has been encorpo-
rated into the design. The AirMedic’s identity is
unique, making it fit the innovative nature of
the ambulance drone as a product. Yet, its ap-
pearance is also recognisable enough so that it
can clearly be distinguished as an ambulance
vehicle. This familiarity helps to evoke trust.

In terms of the second fundamental, simplicity,
the AirMedic has succeeded as well. The inte-

rior is clean and minimal, yet functional. It has
few distractions or unnecessary complexity. It
is also highly modular, which ties into the last
two design fundamentals of efficient mainte-
nance and adaptability.

Zooming out and looking at a potential ambu-
lance drone system in The Netherlands, it can
be said that it would be a luxury to have. The
Netherlands has such a strong ambulance sys-
tem already that there is no urgent need for an
ambulance drone system. However, the Dutch
system is only as good as it is because it con-
stantly aims for the best and never settles for
less. An ambulance drone system may there-
fore be the key in staying on top of the game
for generations to come.

9.3 RECOMMENDATIONS

Given the complexity of the AirMedic and the
relatively short duration of this graduation pro-
ject, there are still some areas of the design
that require attention or optimisation.

In the interior, a few things require some more
attention. Ideally, the storage units would not
only attach to the walls, but also to the floor.
This is more stable and prevents the walls from
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having to support all the weight, which means
they can be lighter.

The floor rail for the seats needs some more
research in order to determine which mecha-
nism would be suitable. There are some con-
cerns with the strength of the floor rail and
whether it provides enough contact points for
the chair to stay rigid in situations of quick de-
celeration.

There are currently no A-pillars connecting the
ceiling to the side walls of the AirMedic. They
may need to be added for sufficient structural
support.

Lastly, it would be beneficial to have more
visibility towards the ground. This could be
achieved by removing part of the fixed storage
drawers in the nose of the AirMedic and exten-
ding the window down towards the floor. This
helps the crew to orient themselves better be-
fore landing.

In terms of the exterior, there are some things
that could be optimized. The headlights are
placed a little too high. It is more useful to have
the lights pointing downwards slightly in order
to illuminate obstructions below the aircraft.

Secondly, the tilting mechanism for the rotors
require more space inside the arms of the ro-
tors. Lastly, the landing gear needs some more
ground clearance. Currently the clearance is
around 30 centimeters, but 40 centimeters
would ideally be the minimum.

9.4 PROCESS EVALUATION

The execution of the graduation project itself
went smoothly and it surprised me how well |
was able to follow the planning. It turned out to
be estimated well in terms of the allocation of
time for all the different stages of the project.

There were a few concessions that needed to
be made however. In the project brief the idea
was to also make a physical model of the Air-
Medic, but there eventually was not enough
time left to make it. Next to that it was doubt-
ful how much value it would bring, compared
spending that extra time on improving the de-
sign itself.
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Looking back, | think | would have spent slight-
ly less time on the research phase and a little
more on the design. It could have freed up
time to explore the full range of possibilities
regarding the modularity of the AirMedic’s in-
terior.

Allin all, there were no significant choke points
in the project, which means that the complexi-
ty was handled sufficiently. Also, the involve-
ment of experts went well and | was lucky that
so many people were willing to share their in-
sights. From a project management perspec-
tive this project was a success.

9.5 PERSONAL EVALUATION

Executing this project taught me a lot as a de-
signer and a human being. It is the longest in-
dividual project | have carried out so far. This
required discipline and constant motivation
over a long period of time, something | have st-
ruggled with in the past. Thankfully | managed
this really well and had the drive to work hard
every day of the project. In a way this is a new
personal achievement.

The conceptual nature of the project had a risk
of becoming overwhelming. While | already
knew | was not afraid of conceptual projects
from prior experience, it was still intimidating
in the beginning. In the end, | think | managed
to retain a good level of realism and relevance
in the design of the AirMedic. Handling the
complexity of such a project is a new achieve-
ment as a designer and one | am certain was
only possible thanks to prior projects in my
Master studies at the TU.
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