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—XECUTIVE SUMMARY

QUAERQO is a concept of a modular mono-copter drone de-
signed mainly for search operations. Distinctive feature of the
drone is the possibility to combine several drones into one
unit and separate to parts upon arrival to search area. This
feature allows to cover more search territory in less time, and
can play a huge role in a Search and Rescue operation

Several alike drones can be combined into various different
formations before deployment, however a single drone can
be used. This concept improves existing solutions by in-
creasing efficiency. It combines vertical take-off and landing
function, hover function and remain aerodynamic qualities
required for fast and energy efficient travel

Different Al programs will allow this type of drone to be ap-
plied in other areas than Search operations, like aerial imag-
ing, 3D-mapping, research, agriculture, policing, maintenance
or other automated routine quality check

Advanced software will make it possible for Quaero to
regroup while airborne. Each combinatoric formation of the
drones should have own program developed, where one
drone must be defined as “the main” drone to which all other
drones in the formation will relate to for regrouping. Manual
program setup or automated recognition is a matter of soft-
ware complexion level

In general Quaero concept can serve as a base for different
appliances in various fields. Commercial, consumer and even
military, though that wasn‘t the aim. It can carry different
sensors and cameras. With little improverment it can carry
object’s like first-aid kit, or safety vest, or what ever might be
EEES =Y

Triangular shape of the drone has equal side length with im-
plemented switchable neodymium magnets, making it easy to
attach drones. The drone’s maneuverability is achieved with
Thrust Vectoring coaxial rotor in the middle. It is the same
rotor system that lifts the drone vertically and thrusts hori-
zontally



The core of the project is a product | have named Quaero,
which means Search in Latin. It's a surveillance aerial vehi-
cle in @ Search and Rescue context. | have chosen this topic
because it is a growing global problem and becomes more
relevant with time. Also because | personally prefer to work
with topics that are related to helping people and the society

The approach included design thinking methods and analyti-
cal methods. | used engineering creatively, not scientifically to
develop the concept and it's form

It was a complicated task with great challenges

AV - aerial vehicle
UAV - unmanned aerial vehicle
VTOL - vertical take-off and landing
RPAS - remotely piloted aircraft system
UAS - unmanned aircraft system

SAR - search and rescue

ESC - electronic speed controller

Thrust - force that moves AV forward

Yaw - rotation around vertical axis

Pitch - rotation around horizontal axis perpendicular to thrust vector
Roll - rotation around thrust vector

©
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INTIRODUCTION

cess :
ized independent project of a mas
n open topic, in which | will show the level
skills and professionalism | have gained during
dy years as an industrial designer

his Industrial Design work is a creative process
with aim to create and develop concept and spec-
ifications that optimize the function, value and
appearance of product and system for the benefit
of users

It includes analytical study of function and form
- and the connection between product, user, and
environment, and appliance of various design
methodologies
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designed to search

©




AREA COVERAG

Innovational part of the concept aims to change the fly
pattern of an aerial vehicle in a8 search operation. This tradi-
tional pattern is usually used in agriculture, areal mapping and
search operation as well. It is usually automated by program-

ing

The new pattern of aerial investigation | suggest will also be

programed into the drone board-computer. Obvious ad-

vantage of this pattern is more area coverage in less time.

This can be easily calculated by simple math. A reasonable

argument here would be “one drone versus several drones is ~

not a fair comparison”. And that’'s what | want to look at more
closely:

If we use several existing drones and program them to fly in
a new suggested pattern, what is the difference from Quaero
then?

air

2. Stationing several drones would also require more space,

while Quaero can station tightly together or on top of each

other £
3. What type of drone would carry out this mission is more ¢ @

1. The difference then is that existing drones will not travel as i
one unit to destination point and will need more space in the

@ ;

interesting. If we use fixed wing drones, they cannot be
launched all at the same time, they all would need a take-off
area or several catapults, which already complicates the solu-
tion significantly. Even if we launch them simultaneously, the
swarm of drones would need additional altitude and trajectory
correction for each drone, to not collide in the air

4. If we use multi-copters, the problem of altitude correction
and space problem is the same, but main issue is then the
flight range. Flight range and speed of a multi-copter is sig-
nificantly lower and can only be used in close areas

By this said | conclude, that QUAERO is a solution that com-
bines all necessary features in one product. It is @ compact
unit that can be programed to deploy automatically (with-
out any additional infrastructure or catapults), reach pointed
destination fast and easy, take apart and search the area
faster than any existing drone. Installed radio will transmit all
received data to user’'s screen and the person will be found
and rescued in no time
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THE FOIRM

Presented form is the result of a balance between aerody-
namics, form combinatoriness, simplicity, and technical needs

One of the difficulties in form development were the fact
that good connection between drones can be acquired with
certain height of the side “wall”, that would meet quite strong
air resistance. The decision was to make this straight angle
“wall” as small as possible in relation to overall size, and cre-
ate a smooth transition from geometric lines to amorphous
lines, where the air will flow with minimum resistance

Wings of an ultrasonic jet have triangular shape seen from
top-view, they are called delta-wing. This allows jets to fly
from S to 8 of sound speed. Despite the fact that | do not
have a goal to exceed the speed of sound, even though
the shape is triangular and differs by its aerodynamic quali-
ties from a jet plane, | consider this to be the right choice of
shape




 —
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PERFORMANCE

Size relation between components presented in the concept
is hypothetical. Precise definition of size relation would need
an advanced engineering approach with multiple steps of
iterations and tests

| justified the size by comparing with examples of conven-
tional quad-copters. For instance, DJI Mavic Pro weights 734
gram and uses 4 propellers 211 cm in diameter, to fly for 27
minutest?. The same lifting power can be achieved with two
counter-rotating propellers bigger diameter. According to
Florent Lucas in his Study of counter-rotating coaxial rotors
in hover “Coaxial rotor system is more efficient than a single
rotor if the number of blade per rotor is the same”t?,




50 cm

-

35 cm
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QUAERO COMPONENTS

small duct engine

Body
The body is the main area of lift

Rotor duct
Blade protection and turbulence reductor

2 propellers
Main propulsion component

2 rotor engines ( plus coaxial shafts )
Propeller drivers

2 engine covers rotor
Protection and cover for engines and radio
2 pair of small duct engines
Rotates the duct in 2 axis and holds it in place
3 sensor hubs
Where camera and sensors will be stored
Radio translator / receiver ;““* .

. : R,
To receive commands and send data i //; - X\

o f, : 22 .'P"/-"ff‘ N rotor duct

Board computer ( inbuilt ESC) ; }EJ )4 v

Brain of the Quaero

2 batteries S N
18 switchable neodymium magnets
.
L

As counter balance to other electronics
To connect several drones ( controlled with CPU )

f',: b [ Sensor hub




engine cover
radio hub

rotor blade

rotor engine

board CPU

switchable neodymium magnets
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THE ROTOIR

Primary mechanism of QUAERO is the system which will
allow to use the same rotary-system to lift the drone into
the air and to thrust forward. This is called Thrust Vectoring.
The rotary-duct can rotate 90 degree around a horizon-

tal axis which will make Thrust vectoring possible. On one
hand it eases the whole drone by 2 or more strong motors
(compared to a multi-copter). On the other hand it adds two
smaller motors inside the body to rotate the rotary-duct. The
benefit of such system is pointed out in the research part of
the report: One bigger rotor creates more lift for the same
amount of energy than four smaller rotors

Mechanical gears on two opposite sides of the rotary-duct is
connected to a rail inside the main body, this mechanism will
make the duct rotate around vertical axis allowing change of
the thrust vector

To maneavure in the air Quaero can use torque effect like a
helicopter. Electronic speed controller will requlate speed of
lower or upper propeller to roll the drone, when the duct is in
vertical position, or yaw when in horizontal position!®!
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CONNECTION

[teration process, analysis and tests have shown that in order
to connect drones together the overall form-of one drone
have to satisfy several requiremnents. For instance the side
of-the drone either must be straight or mirrored to the.oppo-
site drone to make good connection. Mirrored sides would
complicate the form and create asymmetry, which will influ-
ence aerodynamics and stability of the drone. Straight lines
are much simpler solution, though the connection between
drones might be'weaker. | have looked into different ways of
connecting the drones mechanically, but it doesn’t seem con-
venient enough. Reconnecting in the air would require super
advanced programmingto make it possible

| used simple geometrical forms like squares, circles, triangles
and hexagons to test and study form possibilities. The hexa-
gon is a natural way of combining swarm of units into some-
thing bigger, we can see many examples of that in the nature,
and it is often used in design and architecture

Qualitative sketching and analysis of this form couldn‘t sat-
isfy the requirements | have set for the product. The most
«sharp» side of a hexagon does not result into a streamlined
aerodynamic form, and would meet a lot of airresistance
during a flight. Equilateral-triangle on the other hand fulfills
thase requirements. Straight.line side.is suitable far making a
good enough-connection between drones.

For conneetion purpose strong Neodymium magnets is used.
Switchable mechanism_controlled by board CPU will discon-
nect drones while in the air. Ttwaorks in a way that when the
switch is on it blocks magnetic field mechanically

Rk
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SENSOR-HUB

Quaero drone will perform search operations with help of
high resolution cameras and sensors. For this purpose | have
designed a small Sensor Hub with a Plexiglas cover in which
all the necessary sensors will be stored. Since Quaero can
be used for few different purposes, | imagine that each user
will adapt the Hub for the specific need, manually detaching
the hub by a simple push of a button and inserting required
hardware inside

Cameras and sensors can be easily inserted as specially
designed cartridges into free slots inside the sensor hub. Ad-
vanced software will transform data received into image data
for the user

List of possible and important sensors for Quaero search
dronet:

Infrared capture
Thermal image IIR
Camera

Multispectral image
AlR analysis (LIDAR)

Methane detector




detachment button

insert nozzle
/ o
/ sensor cartridges
sensor hubs
/ metal rest

plexiglass cover

contacts
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CONTIROL

There are three ways to control UAV's!:

-With direct visual contact and remote control with a joystick
Or program

-Without direct visual contact, piloted through drone camera
point of view. Steered with joystick or special program

-Automated flight program

The main control device for Quaero should be a tablet. The
software should include both automated flight- and direct
control programs

Main purpose of a tablet is to receive image data from the
drone. If we imagine that Quaero is a part of a “emergency
system”, to which safety crew, police and other actors have
direct access, then images should be retranslated to other
monitors as well. Via Internet or radio signals

Imagine situation where either field commander, or any
rescue crew is out in the field and have a need of immediate
drone action. A portable control device like tablet would fulfill
this requirement. Rescuers will not have to contact the control
center to send coordinates, then wait for a response, and lat-
er the pilots themselves in a helicopter or plane. This is a very
time and money consuming operation
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USER INTERACTION

The interaction with Quaero can be treated as an interaction
with the robot. In the ideal case, when Quaero is technically
correct and has all necessary software, then the interaction
with it will be through assignments of tasks. Tasks like*Search
this area for male age 35", or “Look for fire in this area”, or
similar programmable tasks which will be translated to Quaero
via tablet. In these scenarios GPS locator will play an import-
ant role, since the drone will rely on constant coordinates
synchronization, both for correcting the route and for user
feedback

The size of the drone is a compromise between what a
person can carry, how big it should be to travel far and carry
necessary electronics, and how to be relatively weather/wind
resistant

180 CM
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SET IN SYSTEM

In a future perspective | imagine that emergency situations,
including search and rescue are operated with one united
system. In this scenario the government or private organiza-
tions can use Quaero as main surveillance tool. Stationary
bases, where the drones will recharge and wait for com-
mands. Each base is stationed in moderate or high level of
risk area. The bases are interconnected and synchronized
with governmental safety department central. The bases will
cover intersecting perimeters for additional drone support
option

When emergency call will be recieved, the decision will be
made and nearest drone or group of drones will be deployed
to situation area. While the rescue group preparing and head-
ing towards emergency point, the drone is already searching
for the exact location. Images are translated live to a tablet.
Moving rescue group is already aware of some details and
preparing necessary equipment. The chanse for operation
sucess have already increased

By the same principle Quaero drone can be used for auton-
omous schedule surveillance. Searching for wildfire or other
threats in the base perimeter. The dron can lift autonomously,
do its route and come back for recharging. Without any direct
human contact
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CFD SIMULATION

Calculation of aerodynamic gualities is a complex engineering
work. It is outside the scope of this thesis to perform such
detailed calculation

| proceeded from the basic principles of aerodynamics and
laws of physics, and used logical conclusions, as well as |
studied various aerial vehicles forms and their aerodynamic
properties. By this principle Quaero form was developed. To
confirm my assumption, | conducted a computer simulation
that illustrates the airflow around Quaero. Based on this |
can only assume that Quaero will generate aerodynamic lift.
Whether it’s sufficient or not | cannot say, further engineering
test required for certainty

| also assume that triangular shape fits quite well for high
speed travel, since the Fighter-jets are formed this way too.
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SURVEILLANCE

Function of QUAERQO can be applied in surveillance, search,
location, detection and similar. For this purpose drone’s main
characteristics should be easy deployment, fast arrival and
reliable signal for image delivery. By fulfilling these require-
ments Quaero drone can be used for automated surveillance
of vast territories, for instance, wildfire guard as illustrated
here.

Today wildfire is observed by national security personnel,
either from observation towers or by local guards living in
houses and huts in outskirts!®!. In this context Quaero drone
comes as an evolutionary solution. Detection of problem
N be done easier and earlier. But also gathered data will
ove decision-making, thereby improve reaction of active
el and thus influence the outcome of the emergency

Design | Autumn 2018










VISUAL STYLE

The name QUAERO means SEARCH in Latin, which also
contains AERO that fits well for this project description.

Appearance of Quaero is partly predefined by it's function
and technical/aerodynamic requirements. From a top view
this form is geometrical and has symmetry, but it also in-
cludes amorphous lines and surfaces seen from different
angles. The language of this shape is influenced by my per-
sonal aesthetic preferences. | wanted somehow to reflect the
seriousness and reliability in the form, give it a purposeful and
semi-aggressive appeal.

The colors | have chosen is dark gray and cadmium yellow.
The cadmium yellow lines on the sides are actually reflexion
surfaces made for location of the drone after an operation, by
safety personnel. The yellow color is also quite visible in nat-
ural surroundings during the day. But of course, as any other
product Quaero should have several color variety, adapted for
different environments and uses, like suggested on images
here.

[Reinfored carbon-fiber polymer is best suited material for an
AV today. It is light and strong

MagistralC  fontuses
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Carbon-fiber texture

Winter

Night
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Fire
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PROCESS OVERVIEW

This illustration show the
whole design process in a
simplified way. The sequence
can be divided into two main
phases -

Concept development and
Product development. Pro-
duction, detailing and execu-
tion are not illustrated here.

CONCEPT DEVELOPMENT
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PRODUCT DEVELOPMENT

oo
oo

Every decision in the process is
based on findings made during re-
search and investigation of particular
topic. All steps in the process have
direct or indirect relation to each
other. The complex of findings have
passed through my personal anal-
ySis and judgment thus formed the
concept and its form
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BACKGROUND

Wildfire and problems around this natural threat was my start-
ing point in the research. During investigation my research

field broadened to Search and Rescue operations. These
topics are in the same field, thus relevant to the defined
scope

ABOUT WILDFIRE

Wildfire is a global problem with increasing threat to our
societies. Millions hectares of forest is being destroyed by
wildfire yearly. During dry season thousands of people are
working to observe, prevent and put out wildfire globally

Most often cause of wildfire are people’s inadequate behav-
ior in the nature, rarely natural causes. Wildfire can reach up
to 70 km/h speed burning everything in it's path, emitting
large amount of bad gases, displacing wildlife, destroying
Eco-systems, causing infrastructural damage and even caus-
ing deaths

Accumulated drought effect is caused by global changes in
the climate. Water scarcity and dry air is causing plants to die
out making them highly flammable. As a result fire is catching

i M




up on dried trees faster than a car driving in a city, while the
young forests are more resistant to fire

To prevent a wildfire it has to be spotted in its starting phase
and reported early in order to act accordingly. But it is consid-
ered practically impossible to observe the entire territory of a
country simultaneously, especially in big countries like Rus-
sig, China or Brazil. Another difficulty is availability of cost-ef-
ficient tools to observe those territories. There are simply
too few solutions that are made specifically for this purpose,
which are not simple enough and require extra infrastructural
expenses. Other AV’s have a short flight range and low ener-
gy efficiency

| believe design can help to improve existing system of
surveillance and detection, or create new one’s to decrease
damage done to nature, human infrastructure, and avoid loss
of lifes, both of local residents under threat and rescue crew
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This illustrations show the whole design process in a simpli-
l:) [Q ‘ E S S _J O l | Q N EY fied way. The sequence can be divided into two main phases
- Concept development and Product development
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RESEARCH TOPIC
What solutions exist today? How firemen react to emergency calls? Aerodynamics, how does it work?
What are the problems? What are the action sequence? How propellers work?
P \What are the needs of quard / safety crew? Who is responsible of operation? How wings work?
/ N\ What aerial vehicles are used in surveillance, What tools are available for them? How to minimize drag force?
‘i ) POSITIVE FINDING search, rescue, investigation operations? Who makes decision? What is turbulence?
N2 What is UAV? How is the rescue operation carried out? Can turbulence force be transformed into propul-
Why quad-copters are so popular? What is the reaction time? sion force?
Who produces drone / UAV's? How territories are observed? Can drone be a propeller in itself?
Who uses drones? In what sense drones can be useful? Can a drone fly with one rotor?
NEGATIVE FINDING How drones are used? What is MACH?
In what situations drones are used? What is their range flight?
Why the form is like it is? What are the speed limits?
What are helicopter pros and cons in use? How aerial vehicles react to different weather
DEVELOPMENT What are fixed-wing plane pros and cons in use? conditions?
What are quad-copters pros and cons in use?
Who people call to start SAR?
' IMPORTANT FINDING Who's responsible for initiation of SAR opera-
tion?



CONCEPT REFINEMENT

10dern AVs
high speed VIOL\ Hover
@)
long fight range
Stable quite stable simple in use
O O O Extract and combine
all the pro's in one product
Helicopter Fixed wing plane Quadcopter P P
average fight range complicated use low speed simplein use
average use complexity complicated production low fight range energy efficient
complicated production infrastructure required low stability fast
VTOL Hover
j
simple in production
in what situations? aerodynami

stable

P peaple missing o
inimminent danger

Technical

How does a helicopter work?
How does a airplane work?

How quad-copters work?

How UAV are controlled?

How to calculate lift for a drone?
Why quad-copters fly so little?
What sensors are used by UAV’'s?
What hardware drones use?
How UAV's stabilize?

What is Sikorsky rotors?

What is a rotor duct?

Why should rotors be ducted?

=

technical aesthetical  user-centered

4 wing drone aerodynamic
Requirements Sketching
ideas and concepts
traditional

Mathership
3 conceptual challenging
forms Ia)

equires fight angles

less

odynamic

Developing
modular concept Does it need to have Honeycomb
~ amothers| form

Triangular
form

buiding mock-ups  using CAD as

considering [~
\ helping tool

allfindings \

Dronecarrier aerodynamic

adrone that can
splic up For more area
coverage

imited in

using one pair function

coaxial rotor

LIST OF SOME FINDINGS

Positive

There are practically no automated UAV’s operating in surveil-
lance or SAR operations

The key needs of main users are:
Time efficiency, reliability and tools availability

Due to low aerodynamic properties and low energy efficiency
quad-copters are extremely popular because of their simplicity
in production, use and maintenance

Sikorsky coaxial rotors are an energy efficient way of AV thrust.
It is also more stable than one rotor

One rotor with bigger diameter creates more lift for less power
than four rotors smaller diameter

All drone uses can be categorized into two groups: data gather
(image, analysis data) and transportation of something or
someone. Entertainment purposes are neglected due to proj-
ect scope.

Fixed-wing planes are most energy efficient, while quad-cop-
ters are most simple

challenging

Futther form
development
Sketch asa

thinking ool natural formation ()

Sketching forms big

fast CADing omplex modular ()

not soid practical ()

omplcatec

Negative

Search and rescue operations are a high cost solution. They
require time to make decision, prepare, then deploy, locate and
carry out mission. Planes, helicopters and sometimes UAVSs
are used to spot the problem

Satellites can’t be used for observing due to high dependence
on clear sky

Firemen lack tools to carry out surveillance missions without
using additional personnel. Some stations do use drones, but
they rely on special trained crew to use them

Traditional quad-copters are not energy efficient tools and have
low flight range thus low credibility when it comes to search and
rescue operations

Sikorsky rotary system are efficient, but noisy
Helicopter and traditional fixed wing planes are energy efficient

solutions, but extremnely complicated in terms of production,
control, maintenance and use
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AERODYNAMICS

Understanding the motion of air around an object (often
called a flow field) enables the calculation of forces and mo-
ments acting on the object. In many aerodynamics problems,
the forces of interest are the fundamental forces of flight: lift,
drag, thrust, and weight. Of these, lift and drag are aerody-
namic forces, i.e. forces due to air flow over a solid body!®,

This is an important aspect in this project. - )

ATTACKANGLE o

LOW PRESSURE

/
\_/

\ \
—

HIGH PRESSURE

BASICS

In order to make an object fly in the air it must have a certain
speed and have body parts that will create aerodynamic lift.
Airflow beneath the object must have higher density, and
lower density above. In this way high density particles (gas /
air) tend to space where density is lower - above the object,
creating so called «lift» of the object. The lift is dependent
on the flight speed, air resistance / drag and area of lift. The
higher is the speed, the more lift object gains. The lift is also
dependent on area of lift, object’s form streamlineness, air
density, or «attack angle» when we look at wings / airfoils and
propellers

RESULTING
LTFT VECTOR

< ( \

—

THRUST VECTOR

DRAG

Drag is the resistance of air, a force that slows down a flying
object, but also is a factor of its lift. Drag is a force that can-
not be avoided, but can be minimized in order to have lower
energy loss. Study of aerodynamics is an extrermely compli-
cated field that has evolved significantly for past 100 years.
Scientists have successfully exceeded the speed of sound
by many times. It is outside of this project’s scope. Under-
standing of basic principals is sufficient enough to make
correct assumptions and analysis



0 AIRFOIL SECTIONED

PROPPELER
AIRFOIL PROFILE __—
V\

ROTOR / PROPELLER [REFERENCE

Aerodynamics, from Greek aer (air) + Y (dynamics), is the
study of the motion of air, particularly its interaction with a
solid object, such as an airplane wingt®

[Rotors work in the same aerodynamic principal. The section
of a rotary blade is usually quite similar to airfoil wing but

is twisted from shaft to blade tip because of its rotational
movement. During rotation high density air from beneath
pushes rotary blades up and creates the lift. O
[Rotation of one rotor attached to a solid body will create

coaxial to blade movement force vector that will rotate the

object in same direction as rotor, this is called Toque effect.

This can be balanced by placing a coaxial counter-rotating

rotor
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A look into historical development of aerial vehicles gives
an overview on what aerial vehicle phenomenon is actual-
ly about. Functions and means of AV are taken apart for

deeper study and analysis. It becomes clear that origin of AV
AE | ! |A \/E |_| | ( | E phenomenon does not change over time, while technology
does. Then it is only matter of rearrangement and implemen-

tation of new technology and knowledge into a new, evolu-
tionary product

1800 1900 1940

N\

PHENOMENON

When we look into the phenomenon of aerial vehicles, we can see

that in historical perspective the concept of «flying» has changed i _ ’._'5'-

its form without changing the purpose. In the beginning a «flying g8 - ';" e R ’.i_.

machine» was something that could take us very high up to get an 7 x,:ﬁﬁt '{"#!_’ S LT D
overview or transport somebody. Overview gave Us a new perspec- / & WA e T, T T
tive on nature and landscapes. Obvious advantages are that there F- =5 i g vv,, ur"“} e -

are no obstacles when we fly and there are no speed limits (relative- b S W i i m‘; ' _1‘"

ly). Today the purposes of aerial vehicles remain the same - either
transport something / someone or gather different information.
Aerial vehicles have evolved and turned into small AV’s that don‘t
have to carry a person. They have become small but still efficient
just like if a pilot would navigate them. In this way we get our free of
obstacles, free of speed limits transport for our «eyes», in which high
resolution cameras and sensors replace the actual eyes. This devel-
opment alienates us from the object itself, but leaves the ability to
see from great height. Modern technology exceeds our vision abili-
ties and allowing us to see in the night or through objects with help
of advanced sensors. If we implement available today technological
advantages, we can meet the needs for many years to come

Put simple this project is about designing an efficient and available
transportation tool for our «eyes» in a search operation context

@ One of the first airborne pictures. James Wallace Black, 1860
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UAV

An unmanned aerial vehicle (UAV), commonly known as a drone, is
an aircraft without a human pilot aboard. UAV’s are a component of
an unmanned aircraft system (UAS); which include a UAV, a ground-
based controller, and a system of communications between the two.
The flight of UAV’s may operate with various degrees of autonomy:
either under remote control by a human operator or autonomously by
on-board computers

Compared to manned aircraft, UAV's were originally used for mis-
sions too «dull, dirty or dangerous» for humans. While they originat-
ed mostly in military applications, their use is rapidly expanding to

commercial, scientific, recreational, agricultural, and other applications,

such as policing, peacekeeping, and surveillance, product deliveries,
aerial photography, agriculture, smuggling, and drone racing. Civilian
UAV’s now vastly outnumber military UAV’s, with estimates of over

a million sold by 2015, so they can be seen as an early commercial
application of autonomous things, to be followed by the autonomous
car and home robots!™

2000

ARTIFICIAL INTELLIGENCE

*Autonomous” drones’ capabilities will extend beyond autonomous
flight—it will also span autonomous ongoing operation, which will
solve the current issue of limited battery life for drones and void the
need for skilled operators to swap batteries or recharge the drones.
Drone batteries typically limit their flight to around 15-30 minutes in
the air, but could eventually offer 24/7, continuous operations for
inspection, surveillance, and delivery. At an even more sophisticated
level, drones will develop autonomous task performance. \With this,
drones will create insights based on harvested data and automatically
translate them into decisions and actions. Imagine a drone contin-
uously monitoring volumes of construction materials and ordering
supplies on a real-time basis as necessary. “The next generation of
drones will not need pilots at all—just orders.”

Swarm Intelligence will allow multiple drones to collaborate

imitating the way certain groups of animals work together, swarm
intelligence leverages Al to plan the activities of hundreds if not
thousands of robots, allowing drones to collectively achieve larger,
more complex tasks. Currently, collaborative robots are trained by
humans; however, we are nearing a time when robots can “think”
and train each other without humans. Groups of drones can cover
sprawling geographic locations and carry out specialized tasks at the
same time. They can also form a network—that is, if drone B is too
far away from the control center to communicate with it, but is close
enough to drone A, it can effectively pass a message down the line

©
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DRONE MARKET

Drone market by sector

17%
/0%

13%
[0 military
consumer

commercial

DRONE MARKET SIZE

The drone market will grow steadily in the consumer, com-
mercial, and military sectors. In a 2016 report, Goldman Sachs
estimated that drone technologies will reach a total market
size of $100 billion between 2016 and 2020. Though 70%

of this figure would be linked to military activities, the com-
mercial business represents the fastest growth opportunity,
projected to reach %13 billion between 2016 and 2020.™

$ 45

$28
$24

$37

Drone market revenues by sector

$60

2016 2017

Environmental
Sports

Policing

Insurance
Conservation
Counting stockpiles
Construction
Imaging

Show / Light-show

L] total ($8)
commercial ($8)

consumer ($8)

MAIN DRONE USES

Marketing

Search and rescue
Agriculture

(Taxi)

Package delivery

Filming

Entertainment

Hobby

War / Scouting / bombs
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FIXED-WING COMPLICATIONS

As mentioned before, the drones are used either for trans-
portation of something or data gather. Almost all convention-
al uses of drones fall under these two categories

Point of interest in this research were drones that are used
for observation in distant territories. Most important feature
of such drone is a longer flight time, meaning energy efficien-
cy. The wings or aerodynamic lift play the main role in this
sense. When an AV has aerodynamic qualities it uses much
less energy when it flies

Standard winged drone require take off / landing site to de-
ploy, or a catapult to launch it in the air. These infrastructural
requirements complicate the use of such drone and increase
time of deployment. In search and rescue context both of
these aspects play a huge role. Time inefficiency plus low
availability are lowering reliability in these tools, which lowers
chance of implementation of these tools

Considering these findings | studied how can a drone have
VTOL and hover functions and remain aerodynamic qualities
at the same time

U2IManufacturers of drones specialize on fixed-wing drones
and multi-copters mainly. Not many produce drones for sur-
veillance and search operation purposes. | have studied the
market to understand what is offered and in what degree they
solve existing challenges in SAR field

One of the findings is that most drones produced are built
on the same principals, where the form is very often pre-
defined by the function. Offered solutions are highly depen-
dent on technological trends, where efficiency is measured
by type of battery and engine installed. Very few attempts to
make changes conceptually to traditional fixed-wing plane or
multi-copters
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COMPAIRISON

| want to illustrate the basic technical properties difference
of three main types of AV’s. The properties shown below
are approximate and only represent general relation between

these types. Usually they vary in form, function and abilities,
from product to product

N

.— energy effisiency

.— flight range
.- flight speed
' wind ressistance
' carry load
O stability

‘ energy effisiency

# fight range

. flight speed

‘ wind ressistance

. carry load
' stability

‘ energy effisiency

. flight range

. flight speed

‘ wind ressistance

_. carry load
' stability




Study of these three main types of AV were a part of re-
search. | studied how they work and what are their benefits.

Weather they are feasible or efficient enough. If not, why?
What kind of improvements are required? \WWho uses them
and how? How complicated are they? What are the technical
capabilities?

*e?%60

VTOL

hover

use complexity

maintanance complexity

production cormplexity

infrastructure required

VTOL

hover

use complexity

maintanance complexity

production complexity

infrastructure required

VTOL

hover

use complexity

maintanance complexity

production complexity

infrastructure required
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Here | want to summarize shortly finding results of this explo-
ration. I'm ignoring the details here and looking at AV’s from
a pragmatic point of view, naming only relevant to project
properties

FIXED-WING PLANE

A fixed-wing plane is an aerial vehicle with relatively high
aerodynamic properties. They vary from low speed planes to
high speed planes. A distinctive feature is that a fixed-wing
AV can plane on wings if the thrust engines fail, and can land
safely

The negative side of fixed-wing planes are a take off / land-
ing site requirement, meaning extra infrastructural expenses

and the need of complicated hardware for landing. Control of
such drone also requires piloting skills

HELICOPTER

A helicopter is a type of AV that uses rotors to lift itself and
to thrust forward. It uses either one rotor or several coaxial
rotors. It also has additional smaller rotor on the backside
called anti-torque tail rotor. It is used to control pitch and yaw
movements of helicopter

Helicopter is a relatively complex system, but it has a high
maneuverability compared to a fixed-wing plane. It can lift of
vertically and hover, and is less energy-efficient than a fixed-
wing plane

MULTI-COPTER

BINMulti-copters are a relatively new AV's on the market, usu-
ally much smaller size. They work on the same principals as
helicopter, but using 4 - 6 - 8 and more identical rotors to lift
and steer. The reason for pair number of rotors is to counter
torque effect and simplify controlling

Multi-copters are popular hobby toys because of their sim-
plicity in exploitation, production and control



Governmental Fire and safety department, and volunteer organiza-

tions are main actors in Search and Rescue operations. | have ar-
ranged interviews with representatives of Fire and Safety department

in Oslo to gather insight needed for my project.

A\Y

-Time is the most valuable resource in any fire and
safety situation

-There are four main «Scene commanders» driv-
ing out in fields of Oslo that have access to many
different signal sources, concerning fire and safety

-Scene commanders are the main obseravots and
initiators of emergency operations

Daniel Johansen is a firemen at the main firestation in Oslo. -Analysis of the situation is an important part of
operation, it gives more chances to save people
and infrastructure and secures lives of firemen

-Drones can play significant role in situation anal-

FIELD COMMANDER &

From the user perspective the drone can play significant role _Aerial overview is a valuable resource when it

in analysis of dangerous situations. In some fire departments comes to analysis of burning building or finding
the drones are used to observe local areas, examine burning «hot zones» on the landscape after fire is put out

buildings, and to find «hot zones» after put-out fire in the na-
ture, like it was in a wildfire on the outskirt of Oslo in august
2018
-Usualy police helicopter or volunteers with drones
Field commanders drive around all day and receive signals are hired for aerial investigation
from different sources. They are the key in initiation of oper-
ation and they have to rely on a subjective assessment of

the situation. The decision or reaction is highly dependent -Would be used more if it wasn't that expensive
on where they are at the moment and whether they have
available tools to examine the situation closely. Time sav- ~Sertificate required to use drones

ing analysis can play a key role in an emergency situation.

It is important in this matter to have a reliable tools available
- whether stationed locally or in possession of field com-
manders. Real time information would influence the decision,
resource spending and outcome of an operation positively.
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Decision

Fast localisation
Fast reaction

Fast initiation
Proper system
Available crew
Available tools

Helicopters

Planes
Sucessful

Boats

Ground transport

Human resources

Drones
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SAR OPERATION

I4ITo determine where the actual improvement is needed |
have created this simple map of interactions. It illustrates how
SAR operation is initiated and carried out today and how it
could work.

One obvious weakness today is segmented system when

it comes to informing about SAR situation. The actors are
interconnected but not unified into a working system. Time
COnsSuming process complicates the data gather, preparation,
initiation and coordination of operation

Other point that drew my attention is decision making and
initiation of SAR mission. It's unclear who makes decision
and based on what. Most of it is based on phone-calls and
verbal information

Third is the localization of source problem. | have discovered
that usually after initiation of a SAR operation piloted heli-
copters and planes are used for search of lost or endangered
people. That is extremely costly and time consuming tools,
not to mention advanced skills of special crew required

Based on new findings my research broadened to Search and
Rescue operations. This is what my project aims to improve,
particularly searching part of the operation. | want to point out
that there are clear system weaknesses that need attention
and improvement. This illustration shows where this project is
positioned in a chain of actions, even though system design
is not the aim of the project. However further improvements
can be done to the system, including proposed product con-
cept
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| have contact engineer friend and he has brought up my concept to

his engineer team to discuss whether my assumptions about the
concept is wrong or right. Here is what they said

ENGINEERS LOOK

Engineer team from Moscow

Considering this feedback | realize that this concept would re-
quire a deep engineering testing. Different calculations would
be needed. Possibly even reconsideration of Mono-rotor
system. In this project | proceed with a mono-copter thrust
system, as a hypothesis that needs testing, since quantity of
rotors is not the core of the project.

A\Y

-From top of the head the form doesn’t seem like
it wouldn’t fly or not be aerodynamic enough. Ana-
lytical test needs to be done to be sure

-Stabilization would be the hardest to achieve

here. Counter rotating rotors is good and they
would exclude torque effect, theoretically. In real
life conditions nothing is perfect and all small errors
in the form, weather, air density and turbulence will
cause wobble and shaking of the drone. Stabiliza-
tion of that would require additional sensors and
hardware.

I

-Steering of this drone will réa_:ufr? more advanced
software than any other aerial vehicleio \Would
require very advanced control system.

-The more drones combined the more stable it will
be

-If this form would have several propellers inside
the body instead of one, the problem of stability
would be solved much easier

-Other than that lifting, thrust vectoring assump-
tions seem right. As said, production of such drone
will need a lot of analytical development, tube test,

balance control etc. \\



Comments of Olaf Hallan Graven, a professor at Buskerud
Highschool

“You should model it in a program that can simulate it. Con-
trol can most likely be done using only the engine, it will in
practice act as a “thrust vector” engine. Such a trust vector
engine is used in some fighter jets, then as a jet engine.

| am very unsure how this will be because the air flow will hit a
part of your wing

The concept of connecting several is clever, this will lead to
better lifting and thus cheaper (Minor energy) to move the
drones together. You should possibly also ook at formation
flight (as birds do) and how much less effective it may be, if
pairing is only for transportation. If pairing is to lift something
that's heavy, then it's another matter

From a clean engineer’s point of view, I'm unsure how the
engine is being constructed. | need the ring around which will
turn the engine, also the shaft that will tilt it. These are parts
that are exposed to a lot of forces and therefore must be de-
signed with care. Possible but not quite straight forward. You
also have a potential energy transfer to the engines (many
things that matter here and it's not only a good combination
of wires). All this is possible to fix but requires some work

One final challenge is also if all these engines can be rotated

/ moved fast enough to control a drone in the air

The concept is interesting and there are many who attempt to
combine drones, no one has been completely successful yet”
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Who are the users? How is it used? In what situation it is used?

This method was used to study thoroughly, map out and analyze the SAR
topic. It gives an idea of how user group might interact with the product, or
what features would actually be useful to them

SB-ANALYSIS

WHO

Main user group is mostly
male adults from 18 to 50
years in good physical
condition.

-Safety personnel with
first aid training or higher
medical qualification.

-Local guards and oth-

er volunteer safety crew
with specialist at disposal,
like divers, rock climbers,
snow scooter drivers and
others

WHAT

HOW

There are several ways to
control UAV's:

-With direct visual contact
and remote controlling with
a joystick or program

-Without direct visual
contact, piloted through
drone camera point of
view. Steered with joystick
or special program

-Automated flight program
installed into drone ESC

FACTOIRS

DJI Mavic Pro controller

WHERE

WHAT SITUATIONS

Scenarios qualified as a SAR
operation is when people are
lost or are in imminent danger.
Situation reasons and factor
may very significantly. Our
point of interest is when peo-
ple are threatened in far city
outskirts, usually in the nature
landscapes, like mountains,
rivers, ocean, forests, coast
and similar. Practically it is hard
to reach areas

SITUATIONS

Imminent danger Human factor Mountains Natural disasters
Lost Incautious Forrest Earthquake
Accident Extreme Sport Coast Fire
Abduction Natural disaster Field Wildfire
other... Equipment failure River Flood
\Weather conditions Ocean Tornado
other... Desert Storm
Lightning hits
Droughts
Sand storms
NATURE Avalanche
other...
Earthquake
Flood
Tornado
Terrorist attack
War-zone
URBAN Tourism



Farid Sayar | Industrial

In set context | ask these simple questions that | try to an-
swer in my concept development:

How fast can a drone react?

How people contact safety crew?

How can people know or tell where they are?
Who will answer SAR requests?

Who will operate the UAV?

How will it fly?

How far can it fly?

How will it actually help?

Why this and not fixed wing plane or conventional multi-cop-
ter?

How the drape will be operated?

What if the emergency situation is too far?
What if the drone deesn‘t find anything?

What if the weather conditions are not suitable?
How will it get back?

What size the drone should be?
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A simple positioning of the concept in relation to conven-

tional aerial vehicles. This is a hypothetical assumption. Fair
p O S | | | O N | N ‘ l enough to say that Quaero is not a simple AV from a tech-
nical point of view. It is simple in its ideal, theoretical user

situation

SIMPLE IN USE

v

LOW AREA COVERAGE HIGH AREA COVERAGE

—+

COMPLICATED IN USE



FAST

NOT ENERGY EFFICIENT q ENERGY EFFICIENT

SLOW
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REQUIREMENTS

MUST

Modular combinatoric form Automatic mission deployment Carry objects
VVTOL / Hover function Autonomous lift off/ Slots for additional
Landing Hardware

Aerodynamic form

Certain stability
Energy efficient solution

Average wind tolerance
Provide long flight range

Collision resistance
Fast fly speed

Easy exploitation
Maneuverable

Technical
Sensor’s hub
L.ong range radio
GPS tracker

(@=IlElE)

The research was summarized into a set of re-
quirements for the product. It tells what features,
properties and abilities my product should have to
satisfy problem definition.

| decided to combine all advantages of conven-
tional AV’s into a new product and try to minimize
disadvantages



HOW TO IMPROVE EFFICIENCY AND AVAILABILITY OF

AN AERIAL VEHICLE IN SEARCH AND RESCUE SCENARIO
WITH DESIGN?

RESEARCH SUMMARY

The research process was a complex of actions | have made
in parallel. One of the main methods | used was Mind-map. It
helped me to organize findings, thoughts and ideas, see the
bigger picture, discover relations, find strong and week points
in the process. As well as it helped to reflect on my own de-
sign process

During research | used sketching as a thinking tool. Each
finding changed my understanding and perception of idea
around what should be designed and how it should be
designed. A systemic overview played a role in definition of
context, problem and needs, where | applied fast analysis to
influence, reshape and refine ideas during research

User perspectives gave me valuable insight about the prac-
tice and direct interactions with similar products. It gave me
understanding about practice in real SAR situations. | have
considered open and silent insights that have given me the
idea about what a search AV should be like, not only today,
but in the near future as well

Itis quite important to consider technological trends that af-
fect interactions directly. \Whether it's an engine that increas-
es flight speed, or super light material, or interactive touch-
screen, they all influence experience of the product. Constant
exchange of command signals and response from the prod-
uct is what forms our feel about the product experience. While
in this concept the interaction with product is not a dramatical
need, it is still one of the small things that will influence the
end result. In the end the outcome of a SAR operation is
what will form the idea of whether product is reliable or not

| aimed to make a product that can function undoubtedly well
in set context. Relatively robust and collision resistant aerial
vehicle with VTOL function, aerodynamic form, innovative,
and energy efficient. The product should have a purposeful,
semi-aggressive appeal because of the seriousness of its
function

Problemn definition

What are the needs?

What is the context?

What is the value?

How to challenge traditional?

What are the trends and perspectives?

What are the risks and challenges?

How to improve efficiency and availability of an aerial
vehicle in Search and Rescue scenario with design?

The need is an AV that is made specifically for search
operations and includes necessary features in the de-
sign, not traditional quad-copter equipped with camera

Emergency situations. Governmental or humanitarian or-
ganizations out on the field. When people, infrastructure,
nature or animals are in danger

The value is time / energy efficiency and reliability

Combination of advantages of fixed-wing plane, helicop-
ter and multi-copter into one innovative AV

The trends show that SAR drones are being produced
and developed worldwide. Growing numbers of accidents
show that the demand will also grow

Weather conditions including wind strength can be a
major problem. Simplicity is a questionable feature
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DEVELOPMENT PHAS







FIRST SKETCHING PHASE

Early sketches did not include all of the findings from research and
were done quite early in process to practice and generate ideas.







SECOND SKETCHING PHASE

With new findings and ideas | developed three main form concepts:
four-wing drone, drone-carrier and motherdrone. Each with different
possibilities and features. The concept behind these three was a
big drone that can carry smaller drones which will benefit in search
operations.






THIRD SKETCHING PHASE

The next phase of sketching was a development of Mother-drone
concept. Looking at ways to connect small drones to the main
one and exploring the form that would benefit to solution. In this
process | realized that it would be simpler without a mother-drone,
and just make connecting drone. Quantitative sketching started to
transform in to qualitative ones.







FINAL SKETCHES

With new findings and ideas | developed three main form con-
cepts: four-wing drone, drone-carrier and motherdrone. Each
with different possibilities and features. The concept behind
these three was a big drone that can carry smaller drones
which will benefit in search operations.







PROCESS PICTURES







MODEL DEVELOPMENT PICTURES







REFLECTIONS

OVERALL

It is known that industrial design has roots in handicraft and
engineering. To some extent, this project reflects the very
traditional industrial design, where form follows function and,
where possibly, the solution is not extraordinary and extreme-
ly innovative, but rather an evolutionary one. In the sense
that the proposed concept does not turn over the view on the
stated problem, but complements it, allowing us to look at the
solution from a different angle, perhaps opening new doors
or inspiring someone to something even more ambitious

To achieve the desired result, | used both methods of de-
sign thinking and an analytical approach. The combination of
those, in my opinion, is the advantage of a modern industrial
designer, since the designer is an interdisciplinary profession.
Designer is the link that connects engineers, entrepreneurs,
customers and users with creative approach. And this ap-
proach is one of those that is able to generate ideas and
solutions based on user experience, as well as on logical

IR (EEEES

Looking at my own process | realize that sometimes | get
stuck with an idea and adapt findings to this idea. Or the idea
influences the research topics. It's suppose to be other way
around. This happened in the beginning of the project. Taking
a step back and rethinking process helps me to get around
this problem. Remembering that purpose of a design project
is to gather insight and create solutions on this basis, not
designing for the sake of the design

As probably most designers do, | don’t feel hundred percent
satisfied with the project. The result can never be perfect and
one cannot think through every possible detail. In this project
| did my best to cover all necessary aspects and through that
show my level of understanding and professionalism. | have

tried to organize the process closest possible to a real life
project, where designer dives in to all relevant topics, extracts
important findings, refines therm and adapts the design to it. |
wished to show the diversity of knowledge and skills in | have
gained as a design thinker

Since the topic of the thesis is open, |, like other students,
had to first find and define the scope of activities in which |
would like to dive. This, in my opinion, is also a responsible
choice, since in this way we are trying to show the world
that we are not indifferent and we want to do something
useful. Choosing a thesis theme, we make a definite state-
ment about what kind of designer we want to be. This is a
rare chance and fortune that we can create something for an
overall well-being, and not for profit. With great pleasure and
enthusiasm, | was engaged in this work. In this regard, this
project has helped me understand myself a little better and in
what way | can make my contribution to the development of
society



PRO]

The process of designing an aerial vehicle was a very com-
plicated task. | had to dive in many new fields and study
them thoroughly. Systemic approach to the problem played
an important role in this matter. Any finding were immedi-
ately noted on the mind-map. This allowed me to constantly
have an overview of the process and findings. Analytical and
creative processes were constantly mixed, where all new
discoveries were applied. Typical broad start eventually has
been narrowed down into a set of requirements. Finally |
could see what findings were the most important. User insight
have influenced the decisions and again | had to look at the
problem more broader. This have resulted in several concept
reconsiderations until the final concept was defined. Further,
findings made in the beginning were applied to develop the
actual product

The result product part&atisfies set requirements, and
hypothetically meets aimed goal. Implementation of such
product would definitely improve conventional situation in
SAR field. Both from user perspective and systemic.

One of the requirements | have set was simplicity, which |
didn’t manage to satisfy. It was uncovered in the process
that an aerodynamic aerial vehicle is an extrermely complex
system, design of a which implies a high level of complexity
process. Consciously | have taken that challenge and did my
best to reach the set goal. On other hand the simplicity in use
is achievable and | have shown in the report how it can be
done.

Summing up | would say this was a hard but a fun and engag-
ing task!
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spoting of subjects s limited
to human attention,and sight vision

fossilfuel driven vehicles are quite expensive
se, maintain and produce.
Including high expenses on infrastructure

Sattelite is not always available to
use due to weather conditions

Helicopter
Winged plane
Sattelite
Manned aerial vehicles
fossil fuel Helicopter  average distance
expensive
fossil fuel Wingedplane |~ great distance
expensive
specialcrew | pjaneurdrone | energy saving
no hover
high drag simple
lowdistance | Quadcopter hover
high drag simple
low distance |  Multicoptor hover
Operated UAV
27 — AutomatedUAV

There is no automated drones on the market

Needs Environmental
5 fear of collision Sport
Policing

More resistance to drone

Insurance
agression

Conservation

carrying object Filming

War reasons
Greater searching area )
Scouting

Exploring

What are drones used

Type of aerial
vehicles and solution

Counting stockpiles

DJI ( Djiang)
Quantum Systems
Lockheed Martin

/ Kronschtadt Group
The Greef Fleet

/ Aeryon

/ Kalashnikov Group

/ Prox Dynamics (FLIR)

/ AV drone analytics

User friendly (can be catched! Construction/ Imaging / AeroVironment
Drones can collide without Show/ Light show Boeing
falling or breaking Marketing Ambarella
Yrones can attach to eachothe Resuce/ Search GoPro
) Agriculture 3DRobotics
pronescanyntesmalieraicas (Taxi) Partot SA
More possibilties Package delivery Yuneec

Bases should be placed near or

in high risk areas.

Northrop Grumman corporation

ractions Entertainment/ toys

for

UAV Production companies

MARKET

that exist

~From 2 to 14 million hectars of forrest are burned every year in just Russia

fire can reach speed up to 70 km/h
- 200 million hectars are under watched out of 600

That creates a lift

Coaxial Sikorsky rotors

Apair of rotors one above other on cocentric shaft
rotating oposite directions compensating reactive forces.
Improving wind resistance

Higher vehicle rotation speed itwill orlift

« Propeller work in the same aerodynamical

Propeller driven vehicles can land softly by using
«autorotation» technique. Acording to aerodynamic laws
if the propeller will continue rotating by inertia after engine stop

Airfoil profile creates drag Air resistance
high pressure air below and
low pressure air above

Aerodynamics }—{

ular movement

principal as a wing

Propeller/ Rotor

Allows rotors to be smaller in diameter
Easier to steer
More stability, less vibrations
Less energy efficiency

Noi
Complicates the construction

Quadcopter

Near potential search area

Overview

Monocopter

Can a drone be monocopter?

th a static rotor a drone could
only fly up and down

Whatif a rotor can rotate 90 degrees
to change direction of the airflow?

How aerodynamic would that be?

Will the lifting power of body be enough

Rotating rotor
to hold itin the air? 9

Will require additional actuator
and electronics

Additional software

One rotor with bigger diameter

instead of four small rotors Additional energy use (low)

morelifting power for less energy

Value
Positioning
Ripple effect
Holistic approach

Contacts

Interview

How autonomous can
adrone be?

USERS (N

Safety crew

In what degree will it be
dependent on the user?

Base

Take off/ landing platform
Charge station
Located near user definedesurveilance

A
— Description

A control center will be a neccesity for
asystem of drones.

Organisation that wil carry search mis
computer for gathering and processin:

Control station

Requirments Specifications

Must Should

Coul

VTOL / Hover utonomous lift off/ Carry ob,
landing

Average flight range Slots for ad

ain stability hardw

Aerodynamic form

nd tolerance

Easy exploitation

llision resistance
Ease maintenance

Sensor’s variety
Long range radio
GPS tracker inbuilt
Camera
Base
Board CPU

Maneuverable

SYSTEM
Wildfire —
Background RELEVANCE
UAV -
Unmanned
Aerial
Vehicle Diploma EXPLORING TECHNOLOGY
MINDMAP CREATIVELY THROUGH
ENGEENIRING IMAGINATION,
Research NOT SCIENTIFICALY.
PHYSICS
Automated UAV system Create desire
‘Aerodynamic quality is the relation drone for searching Communicate precisely
between forces of LIFT and DRAG missions
Consider the planet
Differentiate
Enhance the experience
Tell a story
" Entertain
Endure( cToiiko nepeHocuTs)
Quadcopter maneuvers are percieved with
control of currency given to four different rotors.
Rotation is aquired by decrease of power to one
pairof rotors. — — TECHNOLOGY
Yawning is achieved with power decrease one side
of the drone.
Acceleration sideways is done by increase of power
supply to back positioned rotors.
prep
Lintatl
& .
[ F o
|
v
Production Components

Materials

Preferably lightweight composites

CFRD | Carbon Fiber Reinforced Polymer
times lighter than steel
- Uses thermalsetting rasin, which get
cured when heated
Combined with carbon fiber
primarly structural component)
~Propellers - KEVLAR or EPOXY

Coaxial rotors
Engine
Battery

GPS navigator
Radio

ESC (electronic speed
controler)

Infrared capture
Thermal image IR
Camera
Multispectral image
AR analysis (LIDAR)
Methane detector

YO Kopowa-nenesratopa

Drone parts Drone properties

Body (winged shape) Size
Weight
6angle frame Battery worktime
Max flight range
Rotor Duct Max flight speed
Max Altitude
Camera slot Max wind speed
Flight radius
Sensor box slot Wing width

‘ sensor box

To surveil areas in different
weather conditions and

in dark times of the day,
the drone will have carry
several different sensors.
Each sensor can have a
special catridge that can
be inserted in speacial
asensor box» and taken out
if not needed.



‘ Interactions

irveilance perimeter»

cesity for controling

arch mission will require a
rocessing information gathered

The Drone

Could
Carry objects

ots for additional
hardware

insecurities of today?

improve for the better

- security
- belonging
- stimulation
-autonomy
- physicality

Software

Concept

Can design thinking help to
articulate visions of a better
future, in order to overcome the

Why drones exist?

Aman flying in a baloon was a technological revolution.
By reaching height we could get an overview. Further
development of that has led to huge human life impact in

forms like warplanes and passenger jets, surveillance and rescue
vehicles and many others.

Speed is an important aspect of flying. To overcome speed limitations
aerodynamic studies has appeared and developed along with aerial
vehicles.

Another importent criteria is energy effisiency. Meaning fly more for less
energy. Adding additional carryload and equipment.

Aflight purpose of any Aerial Vehicle can be split in two groups:

Transport Data gather
people Scout information
goods Imaging
bombs Mapping area

construction material Weather
sticides Filming
commercial goods Policing
Inspection

Sport

Search

And a subgroup Entertainment [ Show, light show, fun)

Any function of a drone (except entertainment) reason of flight means:
1) Achieving height quite fast

2) Moving fast without any obstacles in the way from A to B

3) Carry out mission fast without any risk to user

To recieve data or deliver something

Command based control.
No direct control.
Soldier

Interactions Forecast

‘ DESIGN

|

How to increase
perimeter time efficiency
of asearch drone?

Problem definition

The need is a drone that
is designed Specificaly for
search and rescue mission.
Not ordinary drone equipped
with camera/ sensors

What are the needs?

Everybody designs who devises a
course of action with aim to

The value is efficiency and
insurance in sucess of a search
mission

What is the value?

Few basic needs of a consumer:

The trends show that S&R drones
are being produced and developed
worldwide

What are the trends?
Perspectives in future?

Unique propulsion system and
«split-up» function that might give
new opportunities in drone design

How challanges
traditional?

Why the new drone is better?

Why should drone be lie so?

What are the benefits of new drone?

Automation of the creasons» would
mean abstraction from the drone itself
The result - interaction with the drone
through a screen, transforming drone

to «distance eyes».

Except r

entu

\stant humar

aintanance cr

situation is when a mission will

attention or maybe even

Strong and light-weight
materials are prioritised
with a environmental
impact consideration

\ materials

N\

/

function/ solution

One engine eases

the construction
and breaks conventional
Quadcopter form, which

PURPOSEFUL
LOYAL
WATCHER
SEARCHER
HELPRING
EFFECTIVE
SEMI-AGRESIVE
MODULAR
TRUSTWORTHY
SOLDIER

Expression words

The Form

Is there a way to create High low pressure without rotors?
Like cofpressor?

What i the next step in flying vehicles evolution?

Lighter construction can
be achieved with lighter
materials and/ or
by using less engines or
other equipment. By
making the construction
aerodynamic - less
energy will be used, thus
give an option for
asmaller battery.

weight

Energy efficiency analysis

N
aerodynamic

Contemporary quadcopters
are not aerodynamic have low
moving speed compared to
fixed wing plane or even helicopter.

is followed be the function.

Monocopter creates new
possibilities in and function.
Opens new of interactions
with the drone.

The context is humanitarian organisations

outin the field. They react in the
What is the context?
are threatened with death

Risk to take in account:
Weather

Wind

Distance / Energy
Reaction time
Interaction sequence
Time to deploy

What are the risks?

3B analysis
User Usage
Age 20-55, male

Rescue crew

AN (police, fireman, guards) areas

situations when people or even animals

«Tablet» like control monitor

Deployment of drones in special

User situations.

Lost person/ pet
(sea, river, forrest, field,
mountains, snow)

Monocopter can have a shape
that will create a lft in a directional
movement. Meaning fly faster, further
for less energy used.

VTOL/ Hover
Simplicity

e

Average distance

Average energy effisiency

Comparison

1) Coaxial rotors
Because they are stable without any additional parts.
Dont require counter stabilizer

2) One big coaxial rotor instead of four small
More lft power for less energy

3) Ducted rotor
Protection to rotors and objects on outer perimeter of the drone
If formed right adds more lifting power
Counters turbulence powers

5) Puzzle form
Each drone is a 6 angled form. Several drones can form a bigger
drone and split when they arrive to search area to cover more in less time.

6) Rotor duct can rotate along two axes
for movement sideways in any direction

shape fo to make the form omni directional

7) 6 angled

Fixed wing drones require
big take off/ landing areas, thus high
infrastructural expenses. Or a catapult.

Take off/ landing mechanism add more
expenses and complexity to the drone.
High speed
Long distance
Complex and heavy
High infrastructural demands
High hardware and software demands
Special crew required

Study about different drone and their function gave me this insight:
1) Ce i

are not
2) Quadcopter form is predefined by it's function

ic or energy effective

3) Quadcopter rotors are exposed to surrounding objects, this causes

- damage to user or other
- caninterupt a flight and damage drone

Automated launch or initiated
by crew

Volunteer organisations

Other governmental or private

organisations Interaction through computer, app

or tablet
High responsibility jobs
Information recieved through internet,
phone, app, personal
accesible
easy to maintain
transportable alone

simple interactions

ergonomic

Warzone - lost object or person

Catastrophy - flood, storm, wildfire,
earthquake etc.

Reliable tool

- influences flight patterns ( fly more cautions)

- reduces number of functions and user areas
4)VTOL and Hover options make quadcopter highly attractive
5) Hybrid of an VTOL fixed wing plane is partly solved problem
6) quadcopter simplicity is very attractive aspect
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