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Executive Summary

UAV (unmanned aerial vehicle), which is commonly known as a drone is enlarging its applications in
the many different fields. The drone was originally developed for military use, but it is now used for

various purposes such as photography, traffic control, leisure, and delivery (Kim, S.-H., 2016).

Drone delivery not only reduces the cost of maintenance than using traditional delivery
transportation such as trucks or scooters but also reduces the labor cost by saving manpower for
driving. Since the drones are less limited by obstacles such as traffics, buildings and infrastructures, it
also saves time than delivering on the ground (K. Dorling, J. Heinrichs, G. G. Messier, and S.

Magierowski, 2016).

Thus, major shipping companies like Amazon, UPS, DHL are increasing investment in the drone
industry to innovate their current delivery methods into the new delivery system. Also, transportation
companies like Uber, Ehang, Audi, Hyundai aim to commercialize PAV(personal air vehicle)to

shorten the travel time at the city roads in traffic hours.

Although drones are developing as a means of transportation, it has a major technical issue. Most of
them is the battery issue. Commercial drones have short flight time of about 5~20min, and it cannot
deliver heavy objects weighting over 2~3kg for a long distance. This issue greatly reduces the
potential of drone use by restricting the flight time range and limiting the weight of the objects to be

transported.

To solve this, first, this study aims to find a practical battery solution which can be applied in the
current market. Focusing on the loadable drones, various fields such as agriculture, photography &
inspection, light, and heavy weight delivery have been analyzed in terms of usage and its limitation by
battery issue. Researching various battery solutions, it compares the pros and cons of each solution.
Through this, it defines suitable solution for the current market available within 3~5 years. Second,
utilizing flight time solution, it aims to suggest new drone applications. It aims to find various use
contexts of wired battery solution. Through the ideation, it makes a context tree and defines design
requirements for 3 selected contexts. By presenting a range of use contexts and scenarios, it aims to
deliver new user value through the long-term flight and sufficient loads, which has not been possible
with previous drone technology. Third, selecting 3 use contexts, it describes ideation, testing &

refinement, development process and the output of 3D modeling and prototypes of a final concept.
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Introduction

1.1 Background
1.2 Project aim and scope

1.3 Report structure



1.1 Background

In the early days, drones, which were used for photography or leisure, are now expanding its field to
delivery. A major shipping company, DHL (Figure 1), has worked on a project called ‘Deliver Future’
with Parcelcopter, to deliver a medication flying over 37 miles away autonomously (Dronedj Oct 6,
2019). Large shipping companies, such as Amazon (Figure 2) are also working on new delivery
systems with drones. Besides, drones with larger propellers and powerful batteries can also transport
passengers. Chinese autonomous 'flying car' maker EHang is planning to commercialize the 'Drone
taxi' (Figure 3), to reduce the travel time for heavy traffic in the city. Major transportation companies

such as Uber, Rolls-Royce, Audi, and Hyundai are also developing an ‘Air taxi’ to commercialize it.

R
RN

Figure 2. EHang AAV (Autonomous Aerial Vehicle)

Particularly, transporting through the drone has the following benefits:

- It significantly reduces the time than moving through the ground. They are less limited by obstacles
like traffics, buildings, or infrastructures.

- Delivery through drones saves costs than using traditional transportation such as trucks, scooters,

cart, carrier etc. It can also save labor costs through an autonomous flight.

Also, drone has broader applicability by following features:
- Vertical takeoff or landing is possible in confined spaces. Drone can take off & land in narrower
space or even private lands.

- Various sizes of a drone are possible depending on the number, length, layout of each propeller. By



modifying it, the form and structure of the drone can be changed to be suitable for any environment,
for example, forested mountains or narrow indoor hallway.
- A drone has simpler and safer flight than the helicopter. It has one motor for each propeller, so it

can be stable even if one of them is broken.

Thus, the drone has many possibilities to be used for the variety of applications of transportation, but
it has limited usage because of the battery capacity. This study aims to study how the battery effects
on the variety of drone usage and find a solution which can be applied for the drone and can be used

practically in the current market.

1.2 Project aim and scope

There are two goals on this study.

- The first goal of this project is to research the battery issue which limits the application of the
current drone. By analyzing current usage of the drones in the market, it presents in terms of function,

impacts on the application of drones.

- The second goal is to find an appropriate battery solution to suggest its application ideas. By
comparing with other solutions, it validates how it could be practical in the market. Also, by
proposing 3 different application ideas, it presents how they can be applied in a specific context of the

real life.

Currently, there are variety of applications of the commercial drones. However, there are still many
opportunities of applications which have not been discovered yet. By suggesting appropriate battery
solution through comparison, this study aims to increase the scope of its utilization in the current
drone market. These applications focus on the drone that can be produced with the current technology
level, which is commercially available within 3-5 years than the future technologies which requires

much time for commercialization.



1.2.1 Main research question

The main research question to achieve this project aim is:

Firstly, “How does the battery issue effects and limits the current drone application in the market?”

Secondly, “Which battery solution can be suitable to suggest applications of the current market and

how it can be applied in the real context?”

1.3 Report structure

In this chapter, the research background, purpose and scope, and the Main research question have

been defined.

In Chapter 2, it describes the definition of the drone and conducts research on commercialized
delivery drones in the market and concepts through the desktop research. By analyzing this, it defines

how the flight time problem limits the usage of the drone.

In Chapter 3, it describes the types of flight time solutions being studied, such as hydrogen battery or
wireless charger like PowerPad. By comparing pros and cons of each solution, it judges whether each
battery solution is technically feasible within 3 to 5 years, and whether it provides practical benefits to
the user in their real life. Through this process, it decides the one flight time solution that can be

utilized for various contexts.

In Chapter 4, it conducts context research where drones can be used by defining the design problems

and design requirements. Through making context tree, it selects 3 cases to be developed.

In Chapter 5, it describes process of an ideation & develop of each case, based on the design

requirements derived from the previous chapter and output of each ideas.

Chapter 6 describes development and user test with final design of a 3D data and details with
prototype.

Chapter 7 summarizes the limitations and conclusions of the final design, in terms of technical or

safety aspects presenting further improvement plans.
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Desktop Studies

2.1 Definition of Drone

2.2 Market research

2.3 Summary



In this chapter, it examines the definition, types and usages of the drone. By analyzing commercial

drones of the market, it describes how the battery impacts on the current usage of the drone.
2.1 Definition of drone

Drones are called by various names, such as unmanned aerial vehicles (UAVs) or unmanned aerial
systems (UAS). Although drones have many definitions, the most recent definitions from the UAV
roadmap, published by the US Secretary of Defense (OSD) is as the following:

"Powered, aerial vehicle that does not carry a human operator, uses aerodynamic forces to provide
vehicle lift, can fly autonomously or be piloted remotely, can be expendable or recoverable, and can

carry a lethal or nonlethal payload" (TheFreeDictionary Oct 1, 2019)

2.1.1 Type

There are several classifications of the drone based on packaging, technology type, ability, size, and
range. Among them, the most representative classification is technology types, which can be classified

as follows. (Skilled Flyer Oct 1, 2019)

A. Multirotor

Figure 3. Multirotor drone (Fox4)

Multi-rotor is a drone with two or more rotors, and is used in various fields such as photography and
filming, racing, agriculture, and architecture. Since it has multiple rotors, they are easy to control than

other types.



B. Fixed wing

Figure 4. Fixed wing drone (eBee Plus)

Fixed-wing drones have the same structure as airplanes and cannot take off vertically because their

wings are fixed to the aircraft. Instead, they can fly at high altitudes.

C. Single rotor helicopter
The single rotor helicopter has the same structure and design as the normal helicopter. One main
rotor can be used to take off vertically, and a small rotor near the tail can be used to adjust the

direction and balance the flight.

D. Fixed wing hybrids
Fixed-wing hybrid drones have fixed wings, but it is also able to takeoff vertically and landing like a

single rotor helicopter.



2.1.2 Usage

Drones can be used in a variety of fields, such as aerial photography, agriculture & farming, leisure,

aerial delivery & shipping, filming, inspection, advertising, Air taxi etc.
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Figure 5. Current drone usages & companies in the market (CDINSIGHTS, 2017)

Drone mapped by size and flight range

The usages of the drone can be mapped by its size and flight range. Most of the commercialized drones were
the Small(51cm~2m) size and its flight range was mostly less than Close(~50km) range. This also shows that as
the flight range gets wider, the size of the drone gets bigger. This shows that why the drone needs to get bigger

is generally because it needs to carry enough batteries for the longer flight.
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Figure 6. Usage of drones by drone size, flight range



2.2 Market research

In this chapter, it conducts market research of the drones which are designed to hold some payloads

to perform its tasks such as delivery, farming or inspection etc.

By examining commercial drones, it presents how the battery effects on the usage of the drones and

shows the possible opportunities in the market by solving the battery issues.

2.2.1 Commercial drones

The commercial drones which hold payloads can be divided into light lift drones and heavy lift
drones. These drones were mainly applied to agriculture, photography, inspection, cargo delivery,

mapping purposes.

A. Agriculture

Figure 7. DJI AGRAS MG-1

- The agriculture drones are used for pesticide spraying equipped with advanced technologies such as
obstruction sensing and flight recording. By increasing the efficiency of farm caring, it is possible to
operate a wide farm with minimal manpower. They can be also used for scaring away the birds,
planting seeds, and impregnating fruit trees, although these applications require much more precision

than is currently possible from a technological perspective.

- The payload for pesticide spraying varies from 10kg to 40kg.

- Drones for agriculture has a relatively short flight time than the general ones. For AGRAS MG-1, it
has only 10 min of flight time with full takeoff weight, and 24min with half of take off weight (DJI
AGRAS MG-1, June 15, 2020).



- Although it has a limited capacity and short flight time, approximately 17% of the maximum takeoff
weight is used for battery weight.

Battery issues on the usage of drone

- Increasing load capacity, it can be utilized more efficiently. Since the amount of rice and fertilizer
that can be loaded on the drone is small, its usage has been limited to pest control. For the sowing and
fertilization, 50 kg of rice seed and 200 kg of fertilizer are required, but the maximum load of

agricultural drones distributed in Korea is only 15 to 48 kg. If the maximum loading capacity is

increased to 50kg-200kg, it can be used for sowing and fertilization, further improving utilization (-&

AR, 2019).

Also, since it has short term flight, drone has to turn back and charge at the charging station. It does
not only take longer time, but also requires autonomous flight technology. To perform various tasks
such as spraying pesticides and monitoring crops, long-term flight technology would be more efficient

(Sunghwan Kim, Gunhee Lee, Kiho Yoo, 2016).

B. Photography & Inspection

Figure 8. Tarot T-18 Ready To Fly Drone

- This photography drones have cameras for industrial, scientific, research or agricultural purposes

(Tarot T-18 V2.1 Ready To Fly Drone, June 15, 2020).

- Small photography drone does not carry loads, but the professional one carries about 8kg to 30kg

of camera and has approximately 20 min of flight time.
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Figure 9. Vulcan Airlift (left), HYDRA-12 (right)

- Vulcan Airlift is drone used for inspection such as for industrial inspection or patrol, fire control,

shipping or construction purposes. (Aircraft-VulcanUAV, June 15, 2020)

- Its payload is about 30kg and Maximum takeoff weight is 40kg. The flight time is 30min loaded
with 20kg. However, weight of the drone with battery is about 10kg.

Battery issues on the usage of drone

- For inspecting or filming at a large area, the limited flight time makes it stop inspection and requires
more time to finish the inspection. When inspecting for construction, some unexpected conditions can
affect the quality of the visual data, such as shadows and glare from reflective surface which impacts
on the result of the 3D process. Also, the bad weather condition such as rainy weather makes its flight

time even shorter. Enough battery capacity in preparation is needed to improve its work performance.

C. Delivery
There are various purposes of delivery drone such as food, flower, parcel, medicine, cargo etc. For
the light-weight delivery, it could be food, flower, parcel, medicine or even Wi-fi hotspots. For heavy-

weight delivery, it could be cargo, fire extinguisher or munitions.

Light lift delivery drone

Figure 10. Rakuten drone
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- This is an automatic drone used by Japan's major shipping company ‘Rakuten’, for aerial delivery.
The drone is served by shopping App that indicates weight of the product. It delivers by auto
controlled flight, which does not require any kinds of controllers. It also lands safely by its newly
developed parachute (Rakuten Drone, June 16, 2020). Its payload is up to 5kg, and the flight time is

maximum 40 minutes.

Battery issues on the usage of drone

- Drone delivery has a limited flight distance due to the battery capacity. The heavier it is, the more
electricity is needed to deliver. Also, charging 1~2 hours for each delivery significantly reduce time
efficiency of delivery. Also, as the charging and discharging is repeated, the battery is consumed more
quickly (Hee-Wan Kim, 2017). In terms of management, changing the quickly consumed batteries

costs a lot in the delivery system.

Heavy lift drone

Figure 11. GRIFF 300

- GRIFF 300 is a heavy lift drone which is used for industrial, military or search & rescue applications.
- It carries around 226kg of payload weight. It can sustain 30-45 minutes of airtime depending on the

payload (GRIFF Aviation: Fly with a legend, 2020).

Battery issues on the usage of drone

- GRIFF 300 has relatively longer flight time than the general heavy lift drones which has 15~25min
of flight time. This drone is used for various purposes. However, for some cases, it needs to be
prepared for the unexpected situation. For example, in emergency rescue, the average rescue time
consumed was more than 2 hours according to Korean rescuers in the mountain($t= ¢ ., 2006). The
mission time is unpredictable according to the situation and also for the delay from the environmental
factors such as wind, snow, rain for searching the patient. Also, the time needed for coming back to

the original point can be varied according to where the patient was found in the mountains.
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2.2.2 Analysis

From the research, it was found that the limited battery capacity had significantly restricted the usage
of the drone in the various fields. The longer flight time with increase of load capacity was needed for
some reasons in each industry. In case of emergency, to find missing person and transport the patient
safely to the ambulance, at least 2 hours of flight time was needed for the rescue drone per each
charge carrying the patient. Also, in agriculture, increase of load capacity was needed for the broader
usage. The battery solution needs to be flexibly adaptable for the needs of each case. The time
efficiency of battery charging or cost efficiency were also the important factors for the current market
for the delivery drones. For the faster charging, automatic battery replacement is used currently, but
the cost of the production is expensive by using autonomous flight system. Also, the battery life cycle

by the frequent charge of the battery can be the cost factor of the delivery.

2.3 Summary

The solution is required to give benefit to the user by having long-term flight time with heavy load
capacity to broaden the application of the drone for the various usages. Also, to be utilized for the
current market with the existing technology level, saving the time that needs for the charging is also

required and the cost efficiency & productivity needs to be suitable for the market.

13



Proposal

3.1 Current solutions

3.2 Battery pack solution
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This chapter aims to find an appropriate solution for the battery issues described in the previous
chapter. Corresponding to the second main question, “Which battery solution can be suitable by
suggesting application ideas of the current market and how it can be practically applied in the real
life?”, it compares each of battery solutions that already exists or developing now and finds a practical

solution to apply for the further applications at the current drone market.
3.1 Current solutions
3.1.1 Studies on battery issue

There are several battery solutions being studied currently to develop the battery charging method or

to increase the flight time efficiency.

A. Inductive charging system

Figurel2. Inductive charging drone

The system comprises a ground-based power station with a frame of wires positioned in a roughly
circular shape. When turned on, this creates an electromagnetic field in the air near the station. A
drone equipped with a special antennae charges by flying into the range of the power cloud. Eight

minutes of charge time translates to 30 minutes of flight(Futurism, Oct 6, 2019).

B. Hydrogen fuel cell

\* 4%

Figure13. Hydrogen fuel cell drone

Hydrogen fuel is about 4 times higher energy density than lithium batteries, possible to fly for a

longer time. Manufacturing company such as Doosan sells the hydrogen fuel pack in individual item,

15



so that users can easily replace it.

3.1.2 Comparison of the current solutions
These are 5 battery solutions which are currently available or developing for the commercialization.
To find the suitable solution in the market, they are mapped by its flight efficiency and cost &

productivity level.

Curmrently Developing
available now

Increasing number Wired battery Portable charging Inductive charging Hydrogen fuel cell

of batteries structure station zone drone
Pros - Longer flight distance - Unlimited flight time - Simple to charge - Quick & Easy to charge - 4 times longer flight time
Saves charging time Chargeable anywhere  (No need to land on the than lithium batteries
for Indoor & outdoor ground) - Fast fuel tank replacement
C - Decrease the flight - Restricted flight altitude - Need autonomous flight - Limited flight time - Expensive
ons efficiency by making the by wired battery - Limited flight time - Need autonomous flight - Danger of explosion
drone heavier - Still takes time to charge - Still takes time to charge

- Limited flight time
- Still takes time to charge

Figure14. Comparison of battery solution examples

Those 5 battery solutions can be divided into two broad categories — innovating charging solution or
maximizing the power supply. Each has advantages and disadvantages, but the innovating the
charging system — such as portable charging station and inductive charging zone have several
limitations for the usage. Firstly, due to the limitation of the flight time per a single charge, it still
requires about 10 min to 30 min of time to be fully charged. The drone requires additional energy to
fly back to the charging zone, which is inefficient in terms of power usage. Secondly, the location of
the charging spots can be limited since it also requires the external power supply. Since it requires

infrastructure or power generator, there is a limitation of the maximum flight distance of the drone.

On the other hand, maximizing power supply — solutions such as increasing number of batteries or
using hydrogen fuel cells, or using wired battery structure are appropriate to increase the flight time or

load capacity per each flight.

Increasing the number of batteries can secure the flight time for short-term flight. However, for the
long-term flight, the increase of battery weight makes the drone heavier and leads to the drastic
decrease of the flight efficiency. To supplement that, light-weighted materials such as carbon fiber can

be used, but still its weight increase is much heavier.

Hydrogen fuel cell drone has 4 times longer flight time than the lithium battery and can extend the

16



flight time by simply replacing the battery power pack. However, it still has barriers to widespread
adoption. The hydrogen fueling infrastructure is limited, the cost of producing and delivering
hydrogen fuel to service stations is currently expensive at low volumes. Also, only drones that are
specifically designed to be compatible with the hydrogen fuel cells can fly using the power packs. For
such issues, it is still difficult to be distributed for diverse applications. For fuel cell to reach the
mainstream market, consumer understanding of the technology and its benefits needs to improve

(Seong-an Hong, 2005).

The wired battery drone is differentiated in terms of manufacturing. Since it uses existing
components such as lithium batteries and compatible with any type of drones, it is simpler to
manufacture than the hydrogen fuel drone. It also has better usability, since the user only needs to
replace the batteries without stopping the flight. Thus, it can be produced in a variety of forms and

types of applications with a reasonable price.

High flight time
efficiency

Wired battery structure
- T1 Drone Tether System (MMC)

[ N
Hydrogen fuel cell drone

- DP30 (Doosan Mobility Innovation)
—_— T—

: fr” <3 ()
‘2 .
~

Increasing number of batteries
- US-1 (Impossible Aerospace)

A » B |
High cost Py % Cost efficient
Low productivity . High productivity

Inductive Charging zone
- Drone & station (GET)

~ Portable charging station
?- -\Indoor Drone Charging Pad (SKYSENSE)

—

Low flight time
efficiency

Figurel5. Mapping of the Battery solutions

It also has higher flight efficiency than normal lithium drones since it lightens the weight of the
drone body by separating the batteries. Most of all, it benefits to the user by supplying unlimited
electricity when holding the heavy weight loads for a long-term flight. Although it has a limited
altitude that can fly, but the benefit it provides is much more significant for using the drone for

various applications.
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Type Example Power supply Full charging time Max flight time  Max payload Price
Wired battery IS N Lithium lon  No need to charge 24 hours Customizable (chgggﬁz i
structure - batteries batteries needed for 24n
Wired power drone flight with 1.3kg load)
A A 2 .
Increasing number S Lithium lon 45 min 2 hours 1.3kg $7,500~$9,500
of batteries ¥ i battery (Drone only)
US-1 (Impossible Aerospace)
2‘ Electricity 31 min 31 min 1.1kg $649~$4,365
Po"at;';;::rging = =N through wire (for Mavic 2) (for Mavic2) (without drone)
Indoor Drone Charging Pad
(SKYSENSE)
Inductive charain E Not needed 8 min 30 min 7kg $120,000
ging o (Power station
zone Inductive Charging drone & +2 drones)
station (GET)
— —
A N - ;
\ o / Hydrogen fuel No need to Minimum 2 5kg Approximately
Hydrogen fuel cell N charge hours $30,807+$7.33
drone DP30 (Doosan (Power pack /per a single flight
Mobility Innovation) replacemenl) (Drone + Power pack

price)

Figure16. Battery solution drone examples

3.2 Wired battery solution
The wired battery drones have following advantages:

- Using wired structure with lithium batteries, it is applicable with current technology level

- Less production costs compared to hydrogen fuel drone

- Efficient electricity use by reducing the weight of the drone

- Replacing the battery cells, flight time is adjustable even with the heavy loads.

Also, the form of the batteries can be varied by its use purposes. The battery could be loaded in a
mobility such as truck, but also can be a type of backpack for the delivery drone, or the wearable
types such as armband or wristband also can be used. As an example among various battery types, the

Battery Pack can be used as below.

%0

Drone

Battery Pack structure

Battery Pack

Figurel7. Wired drone with Battery Pack
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Features

A. Adjustable flight time

The Battery Pack is a backpack type of batteries which users can wear. Containing 4 to 6
lithium batteries inside, it expands the flight time by reducing the weight of the drone. By
supplying full charged batteries, it lifts heavy load drones for a longer time and make it

successful to finish the tasks such as searching a survivor.

B. Wired direction control

Since the drone is wired with the Battery Pack, it follows the user through the wire without
complicated controls. It does not need any safety sensors or high-tech components for the
direction control inside of the drone. Using gyroscope sensor only, the drone maintains
parallel and keeps the flight safely. This simple structure allows it to be more economical

and efficient to produce.
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4

Application Studies

4.1 Context tree

4.2 Design requirement
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In this chapter, it suggests various applications of wired battery structure. Organized by a ‘Context
tree’, it shows how the context tree is structured and where it can be used. Among various use

contexts, 3 use contexts are selected to be described at the further ideation process.

4.1 Context tree

Various use contexts of ‘transportation’ in the Context tree can be classified as the following criteria.

1) Classification based on what it carries: Person / Object

2) Classification based on the purpose or usage of drone: assistant / transportation

- As an assistant: In this context, it focuses on performing specific ‘tasks’ flying beside of the user,

such as giving guidance for the elderly or helping inspection etc.

- As a transportation: In this context, it simply focuses on carrying loads on behalf of the user, such

as parcel or furniture delivery.

Transportation
Human Object
As a fransportation As an assistant As a transportation
Outdoor Indoor Outdoor Indoor Outdoor Indoor

Ex) Shopping in
wheelchair

Ex) Life-saving, Rehabilitation freatment  Ex) Independent fransfer  Ex) Marathoner, guiding elderly Ex) Moving heavy fumiture Ex) Delivery

Figure18. Context tree with various applications classified by criteria
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Figure19. Various idea sketches of wired battery drone

First, in case of transporting ‘human’, rehabilitation treatment can be an example. It can be used for
walking aid device, helping patients to walk for a medical treatment. By holding the patient, it helps
them to walk comfortably with reduced pain on their legs and helps them to be recovered. Another
example is a rescue stretcher, which simply transfers the patient who weighs about 8-90 kg on behalf

of the rescuer in emergency.

Secondly, example of ‘transporting an object’ as an ‘assistant’ of a user's work, a ‘shopping cart’ for
the elderly or a wheelchair user could be an example. It carries personal possessions or shopping
baskets instead of the users, to simply assist them. Also, in case of the elderly get lost in direction, it
could have navigation function to guide the direction. An ‘assistant’ drone usually lifts light-weight

objects, whereas ‘transport’ drone lifts heavy-weight things.

Thirdly, as an example of ‘transporting an object’ simply to transport, furniture-lifting drone could be
an example, which lifts heavy loads such as pianos. In this context, the drone carries heavy objects

instead of human.

22



4.2 Design requirement

Three chosen contexts

Among various contexts, three contexts were selected as follows.

A. Rescue in rugged or mountainous areas

Number of recorded natural disaster events, All natural disasters -
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Figure20. Number of natural disaster events (left), Chance of survival for avalanche (right)

Natural disasters have been increasing through world-wide(Figure20). Not only for the natural
disasters, the current rescue system effects on various accidents. Especially, keeping the golden time
is directly related to the life of the patient. In the fatal circumstances such as an avalanche, the chance

of survival is drastically reduced if it takes more than 30 minutes after burial (Figure20).

FighreZl. Rescue working process

However, the current rescue system is very inefficient especially for mountainous or rugged areas.
The rescuer need to reach at the accident point and the patient must be transported quick & safely
through the stretcher. However, current system requires at least four rescue workers and need to carry
heavy auxiliary equipment weighting almost 25kg in total(Figure21), which delays the time and
decreases the possibility of survival. However, using the drone, it can transport the patient more

quickly and safely.
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B. Walking dog with a busy lifestyle
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Figure22. Increase of single households (left), Dog walking robot ‘Luna’ (right)

Based on the National Statistical Office in Korea, about 30% are single household in 2020(Figure22).
With the increase of the single households, the loneliness of living alone also effects on the increase

of the pet market, which is about 5 trillion won.

Figure23. Walking the dog

However, since most of the single households are workers with a busy lifestyle, raising pet alone has
many issues. Especially, walking the dog is the most significant problem. Walking the dog must be
done steady and requires at least 30 min per each day (Hayley.C, Billie. G & Matthew K., 2008),
which requires a lot of effort and energy for the busy owners. The dog is left in home for a long time
has higher danger of the separation anxiety and it greatly effects on both of psychological & physical
health of the pet. However, using the drone can help them to walk the dog more easily with less

burden of caring the dog.
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C. Last mile delivery service
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Figure24. Last mile delivery service unit cost(left), Size of last mile delivery market (right)

The last mile delivery market has a large portion in Asia(Figure24). Currently, various types of
autonomous vehicles, robots, drones are developing to increase the efficiency of the delivery.
However, there is still limitation of the drones or robots to deliver for individuals, because of the
restricted battery capacity, and needs for extra infrastructure of the drone for landing. Thus, still labor

is used to deliver inside of the building which is inefficient in terms of the time for delivery.

Figure25. Usage of cart for delivery in Korea

Korean mailman delivers almost about 100 packages to homes per each day. However, it takes a lot
of time & energy since they need to carry the heavy loads through the cart. To save the time, they
sometimes run the stairs instead of using elevator, which causes frequent injuries on the lower back
and knees. However, using the drones they do not need to carry heavy loads and helps them to deliver

in a shorter time.
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Design requirements

Design requirements that can be derived from each context can be summarized as follows.

A. Rescue in rugged or mountainous areas
- It needs to be efficient & safe to move through mountainous areas
- It needs to be compact size to be carried in the ambulance

- It needs to have enough load capacity & flight time to carry the patient

B. Walking dog with a busy lifestyle
- It needs to teach the dog to follow when walking
- It needs to prevent the threat or anxiety of the dog

- It needs to be sensitive at dog accidents or any risk factors

C. Last mile delivery service
- It needs to carry heavy boxes weighting about 7kg
- It needs to be compact size to move in the buildings

- It needs to be easy to handle when moving rapidly
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5

Ideation & Develop

5.1 Use scenario
5.2 Ideation
5.3 Testing & Refinement

5.4 Develop
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This chapter aims to describe ideation & develop process through the sketches for each context by

proposing 3 use scenarios from the 3 chosen concepts.

5.1 Use scenario

A. Rescue Drone

Rescue Drone is emergency stretcher for rescue in mountainous areas. To keep the golden time, it is
designed to be safe and efficient to move in forested and narrow area. The wired Battery Pack
structure provides flight time unlimitedly through the wire and gives sufficient power to hold the body
weight. It requires only 1 person, saving 75% of manpower compared to existing stretcher, which

requires 4 rescuers at least.

1 Inserting Batteri 2 Move to the accident spot 3 Load the patient
~
- ‘:‘_ . —_ / S ees Safety Belt
— 2 L\ -

/ Battery L | A A > -
£
]
) ’) P \\i @ d,l
N P 4 Battery Pack Rescue Drone i - -
/
5 Fold the siretcher 6 Load siretcher into ambulance
-— =) = a
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Figure26. Use scenario of rescue drone

B. Dog Walking Drone

Dog Walking Drone is a smart drone concept to help the busy owners. The dog wears a harness,
which has a battery cell to supply power to the drone through the wire. Using the wire, the drone leads
the dog to walk along with, just like the owner. User can train the dog to follow the drone using the
App. Dropping food, it helps the dog to follow the direction. User can also control the direction of the

drone or can choose autonomous flight within 4-5m range around the user. Using sound sensors &
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GPS, it also gives alarms in case of an emergency.

Wear Battery Pack

Give Training \'§7

Walk my dog
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Figure27. Use scenario of dog walking drone

C. Delivery Drone

The Delivery Drone assists the delivery of parcels. It is for an uphill road to assist the user
transporting loads instead of the cart. In addition, it could be used for delivery inside of the buildings,
such as apartments or villas. Usually, mailman uses large carts, leaving it at the entrance of the
apartment, they take out several boxes and deliver it inside. This drone has compact size and can be
loaded up to 15kg. When using steps, it loads boxes to support the user. The wired drone moves as the

mailman moves, without control it.

'l Loading Boxes

A7

2 Delivery through steps

F

3 Using cart for apartment delivery

4 Loading Boxes

5 Going up using elevator

6 Delivery through steps

i1

Figure28. Use scenario of delivery drone
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5.2 Ideation

A. Rescue Drone
The ‘Rescue Drone’ is for the life-saving, thus it has very compact size to go through the forested

mountains. Thus, the beams connecting each propeller should be very compact in width (Figure29).

It carries patient efficiently by flying over the rugged area. It only needs 1 rescuer, who carries battery

pack on his back. The below is ideation sketches for this concept.

Figure29. Rescue Drone sketch

30



B. Dog Walking Drone

This drone flies within in 4-5m radius of the user, since it needs to give alarm to the user in case of
emergency. The main function of the App is ‘“Training mode’ & ‘Control mode’. The drone needs lead
the dog for walking (Figure30). The drone pulls the leash oppositely or makes sound if the dog goes

to the different direction for training. In case of dog not following, user can also use snacks to lure

him.

Figure30. Dog Walking Drone sketch

C. Delivery Drone

This drone helps user to carry heavy boxes, especially when user walks through the stairs. The
ideation simply started from a framed shape, having a very light weight. It carries boxes weighting up
to 15kg. To lift such heavy objects, it has total 8 compact propellers, which is about D=25cm each
(Figure31).

Considering the low stair ceiling height, this drone features propellers placed at the bottom. In

addition, a fastening belt is needed to prevent the box from shaking in a busy situation.
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Type A Type B

Figure31. Delivery Drone ideation sketch2

5.3 Testing & Refinement

It has conducted an interview to test and refine the Dog Walking Drone. Through the interview, it
verifies whether this concept is needed & suitable in the real context and asking any improvement

points in this concept.

5.3.1 Method
Participants

It has been conducted with 5 interviewees, who raises dog in their home. Total 4 males and 4 females
were interviewed. Their average age was about 36 (3 of them were workers and the rest 2 were
students). Two of them had face-to-face interviews, and three of them had the phone interviews. Each

interview took about 20 minutes.

Apparatus

- This interview is composed of total 12 questions. 7 questions are inquiries about their dog raising,
such as type & size of their dog and where they raise their dogs. Next 3 questions are about their dog
walking context. Rest of 2 questions are asked to know the improvement points of the Dog Walking

Drone.
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Main question

Questions

How they raise
their dog?

Q1. What is the type & size of your dog?

Q2. Where is the place of residence?

Q3. What is the characteristics of your dog?

Q4. What is your dog’s favorite activity?

Q5. What is your dog’s habit?

Q6. How much time does your dog spend in home alone?

Q7. Does your dog show any depression behavior when he/she is left
in home alone?

How they walk
their dog?

Q8. Where do you walk your dog and how much time do you spend
per a week?

Q9. Have you ever trained your dog to walk?

Q10. What do you worry the most when walking the dog?

Is there any
improvement
points of the

concept?

Procedure

Q11. Would you use the Dog Walking Drone?

Q12. What do you want to improve in this product?

Table 1. Interview questions of Dog Walking Drone concept

The face-to-face interview were done at the participant’s home. Rest of the interviews were done

through the phone and voice recording. During the interview, the participants watched the short video

of Dog Walking Drone concept before asking the question 11 & 12.

Data analysis

For the question 11~12, qualitative data was derived from the interview. The Affinity Diagram has

been conducted to derive the data analysis.
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5.3.2 Results

From Q1~10

- From the interview, most of the dogs they raised were small size. They also had various time range
of dog walking, but generally they spend 10~40 minutes once or twice a week. The place they walk
their dogs were usually near the apartment.

The biggest worries about the dog walking were their dog barking or biting someone because of fear.

Since some dogs are unsociable, they feared such situation the most.

Q1. Type & size of the dog Q2. Place of residence Q3. Characteristic of the dog
Q4-~5. Favorite activity & habits Q6. Time spend alone Q7. Depression behavior
Q8. Time / Place of dog walking Q9. Walking training experience Q10. Worries on dog walking

Figure32. Result of Q1~11

From Q11&12 (regarding the Dog Walking Drone concept)
- The biggest part was psychological issues & social factors. The psychological issue means how the
dog feel and react about the drone. The dog must be get used to walking with the drone and should be
in a comfortable pace while walking with the drone. The subtle interaction such as change in pulling
power of the leash could be the physical language when walking the dog.

Another issue was social factors, which they worry the most. There are a lot of dog haters, who have
trauma of got bit by the dog. If they walk without control of the owner, it needs to have enough
control to stop the dog from frightening other people. Also, the drone needs to have enough power to

control the dog with enough thrust for emergency control.
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Dog Walking fraining Emergency Control Worries

Psychological issues

Physical problem

Saving Time Social factors

Figure33. Affinity diagram from the interview (Q11&12)

Summary
- Since the drone can be used for park or sidewalks where other people walk by, such context needs to
be taken into consideration. As the interviewee concerned, the drone needs to control the dog in case
of emergency. It needs to have enough power to restrain the dog from running, barking or frightening
other people. The power of the drone needs to considered to have required specification of the drone.
Also, for the further refinement, various tests and studies need to be done to analyze the psychological
issues of the dogs. Especially, whether the dog follows the drone well or if they feel stressed or not
could be important issues for the further study.

There were also worries about potty-problem, since the owner needs to clean after the dog. For the
potty-problem, tracking the dog’s path and checking its time are needed. Using GPS sensor, user

needs to know where the dog walked by to clean up after the dogs by their own smartphone.
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5.4 Develop

In this chapter, Rescue Drone and Dog Walking Drone were chosen to be developed into 3D

modeling.

A. Rescue Drone
Develop 1
In this process, it has propeller meshes & guides for safety of rescuers and patients. It also has an

emergency light on the edge of each propeller (Figure34).

The stretcher carries patient stably by fastening the belt, which is located on the patient’s chest and

leg. It has short leg under the stretcher, which supports the stretcher when it is on the ground.

Figure34. Rescue Drone modeling processl

Develop 2

Considering the lifting power of each propeller, the propeller size should be enlarged to 45~50cm
(Techholic, Oct 6, 2019). Thus, this drone has a narrow 2500mm in width, lifting total 80kg during the
flight.

Furthermore, considering folding process into the ambulance, the stretcher has a space for the folded
propellers on the middle of its body, so that the propellers supports the stretcher inside of the

ambulance. In this folding process, it also has foldable legs.
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Propeller spec.

D= 45cm ~ 50cm
Total lift power = about 80kg

Figure35. Rescue Drone modeling process 2

Develop 3

To increase the efficiency of rescue and prevent crushes in the mountain, the propellers have been
minimized in the width and length (Figure36). The propellers are placed at the bottom, overlapping
with the stretcher to minimize total width as efficient as possible. Through this, the width has been
reduced by 45% than Develop2. To increase its safety, propeller mesh is designed to the dome shape.
This structure distributes the external force, helping to withstand the pressures without breaking. It
also makes gap between the propeller and external elements, which prevents accident by rotating
propeller. Also, mesh spacing became narrower than Develop2, to lower the risk of accidents with the

propeller.
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Figure36. Rescue Drone modeling process 3
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Figure37. Rescue Drone - Battery Pack

Battery Pack

Lithium Battery

The Battery Pack is a backpack type of battery with 4 lithium battery cells inside. By wearing it,
rescuer does not need to control the direction of the drone. Guided through wire, this structure helps

the rescuer to concentrate on the rescue. Also, by replacing the lithium battery cells, rescuer can
extend the flight time unlimitedly.
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Stretcher

Safety belt

Stretcher

Safety light

Figure38. Rescue Drone — stretcher

It prevents the secondary accident with stable and safe movement on the mountainous areas.
Furthermore, the stretcher only requires gyroscope sensor since it does not need other components for
obstacle avoidance or direction control. Thus, it could be produced in more simple structure with the
reduced cost in the market. With 50cm diameter the of 8 propellers, the stretcher holds a patient
weighting 80kg. The 8 propellers are comprised of 4 pairs of twin propellers for the narrower width.
It helps transporting patient to be efficient keeping the golden time for the narrow or forested paths. It
has a compact and foldable structure to be transported on the ambulance. The propellers rotate 90
degrees counterclockwise around the bar on the middle. It becomes compact size to be carried with

the patient.

Renderings

Figure39. Rescue Drone Final Renderiﬁgs
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B. Dog Walking Drone

Develop 1

The Battery Pack has a flexible form to fit on the dog (Figure 40). Also, users can choose the size of
battery packs — large, medium and small, suitable for their dogs. The power button at the center of the
battery, indicates how much battery is left. During the walk, if the power button turns red, user need to

replace the battery for an extra time to walk.

Figure40. Dog Walking Drone modeling process 1

The drone detects obstacles using sensors on the front, rear, left and right of the drone. The wire is
connected to the dog's battery pack through a hole at the bottom of the drone (Figure 40). In case of
the dog to turn around, a wire is 360 degrees freely rotatable. Referring to the rotatable charging jack
in the market, the leash was designed to remain untwisted. According to the research, dog has very
sensitive hearing than human (Lipman, E., & Grassi, J.,1942). Thus, it uses a low-noise propellers and
duct to minimize the noise. The drone also keeps the flight height of 1.5~2m while walking to keep
about 45dB of daily life noise.
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Figure41. Dog Walking Drone modeling process 2

Develop 2
Form & Shapes

This developed design is refined version through the 5.3 Testing & Refinement session. From the
question 12, one interviewee answered that the emotion of the drone can look threatening to other
people. Reflecting the feedback, the emotion of the form and shapes has been changed to give less

aggressive feelings as inspiration image shows below (Figure 42).

Also, according to the data, the targets had small size of the dog mostly. Thus, the size of the
propeller has been changed into the smaller ones which has enough power to restrain while walking
their dog. The size of the propeller has an enough thrust to control the small sized dog such as

Chihuahua or Maltese weighting less than 8kg.

Figure42. Dog Walking Drone inspiration image
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Figure43. Dog Walking Drone develop sketch

Propeller sizes

Since the drone has been designed to lead small dogs weighting below 8kg, it needs to have enough
power to lead the dog for walking. Referring to the motor and propeller specifications of 5048S Tri
Blade propeller of DJI SNAIL (SNAIL Racing propulsion system, June 15, 2020), total 8 propellers

of 14cm diameter were used. Each of its propeller has maximum 1.32kg of maximum thrust, thus the
total thrust is 10.56kg (Figure44).
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Figure44. Types of the small size dog(left), Propeller & Motor specification of DJI SNAIL(right)

42



Stability of landing

This is the various versions of the (Figure45). From the modeling of sketches above, the ‘landing
gear’ part was too short for landing safely. To keep it stable, the point that legs are attached should be
on the upper side of the body. To find the most harmonized shape with the body, various forms of the

leg sketches have been done.

Figure45. Dog Walking Drone modeling process 3 & develop sketch

Below is the modeling that has been developed through the form sketches (Figure 46). The layer that
links the propeller with the main body covers upper part, and it stands the main body stably. It also

feels mono-body shape by giving unity in terms of the form.
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Figure46. Dog Walking Drone modeling process 4

Function & Structure
From the long shaped main body, the final model has been modified into square shaped one
(Figure47). By changing its form, it is freer to move through any directions. Also, its leg shape has

been modified connecting two legs on each side and it stands more stable for landing.

14cm

Tlcm

12cm 15.3cm

Side vision sensor

Figure47. Dog Walking Drone modeling process 5.1
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On the main body, vision sensors are located to avoid obstacles such as trees or people during
automatic flight (Figure48). It is also equipped with GPS and camera to sense the exact location of the
drone. Also, on the center of the body, it has food dispenser and the food outlet on the bottom which

can be used for training the dog.

Figure48. Dog Walking Drone modeling process 5.2

How does a user control the drone?

1. Main screen 2. Control Mode 3. Emergency Alarm

Training
Mode
Barking

X
O

Would you use
speaker?

Yes (P No

Figure49. Dog Walking Drone App example screens

Using the App, user can control the direction of the flight and can also choose an autonomous mode.
Through the GPS, user can control the drone and send the location to the user. The App provides two

modes for the drone, Training mode and Flight mode.
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The Training Mode guides the dog who needs to be trained to walk along with the drone. When dog
walks in the opposite direction, it pulls the leash or drops the snack from the food dispenser. Using
snack can be also used for the meaning of a reward (PetExpertise, November 09, 2016), which is

effective training method for dog walking (Dreater, November 09, 2019).

The Flight mode provides two main functions — direct control of the drone and autonomous flight.
By dragging the path on the screen, it gives direction or saves the information for the autonomous
flight within 4~5m. Also, the App control allows control of the drone or dog with such functions for

such circumstances:

- User can control the drone by dragging on the App screen. The built-in GPS receives the route as
the user input.

- The drone moves within 4~5 meters around the user and it stops when it crosses the boundary
and notifies to the user that it is fixing the route.

- When the dog urinating or smelling while walking, it detects its movement of the harness and waits
for the dog to some extent, by pausing for a while.

- If the dog does not follow the drone, user can check through the camera whether there are people
or vehicles moving around the dog. It also could restrain the dog by increasing its thrust power or
through verbal restraint through the speaker.

- With the GPS sensor, it is possible to detect the current location of the dog, so when it crosses the
road or barks at the other person or dogs, the sensor detects the sound and gives an alarm to the user.
The user who gets the alarm can speak verbal restraint such as ‘stop’or ‘stay’through the speaker or
depending on the situation, user can go directly and physically restrain the dog.

- The user can easily find location to clean after the dog by tracking the path the dog walked by
using the App.
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6

Final Output

6.1 3D Data

6.2 Prototype
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This chapter describes final output of the Dog Walking Drone concept with final modeling and

explanation of their main features.

6.1 3D Data

B. Dog Walking Drone

Use Scenes

The Dog Walking Drone can be used for the owners who need leisure, relax at the park.

Figure50. Dog Walking Drone poster & use scenes
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Main features

Dog Walking Drone is a guiding & training drone for the dog walking. For the busy workers who
needs time to afford for their dog, it provides useful functions such as autonomous flight and leash

training. This drone is comprised of two parts - drone and a dog harness part.

1) Dog harness

—
é6cm ~- "
26m

8.5cm

7.7cm

Wire

On/Off Button
360° Rotatable port
Sound sensor &
Speaker module

Battery Module
(45 LiPo)

Buckle
Strap

Figure51. Dog Walking Drone (Dog harness annotation & size)

Dog harness has a battery cell, which is wired with a drone to supply power. Since this structure
reduces weight of the drone, it brings efficient flight of the drone. User can also expand the flight time
unlimitedly by replacing battery cell. The Dog harness is composed of battery cell, wire, adjustable

strap & buckle, speaker and a sound sensor.

Using the strap and buckle, user can adjust the strap to fit on the dog. User also can be notified of
emergency by App through a sound sensor. It senses dog barking and sends vibration alarm to the user.

Using the speaker on the harness, user can also order the dog to stop barking.
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2) Drone

Low-noise propeller

Motor (2400rpm/V)
Max thrust = 10.56 kg

GPS sensor

Flight confroller

Food contain

Figure52. Dog Walking Drone with annotation & specification

The drone is supplied of electricity from the dog harness by wire. It also guides the dog by pulling
through wire or dropping snack from the food dispenser. This drone can fly only within 4~5m within

the user’s visibility. This range helps user to keep close with the dog and easy to restrain the dog.

The drone also keeps the flight height of 1.5~2m while walking. Also, the 8 low-noise propellers and
noise reducing propeller ducts helps to decrease the noise of the drone up to 45 dB. The motors and
propellers have maximum thrust 12.5kg, which is enough to sustain dog walking from and lead the

small dogs weighting maximum 8kg.
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Design posters
Below are the design posters which contain main image, problem, solution and how to use.

Solutions

Smart Autonomous Full-time care
Leash training Dog walking by sensing

Problem

Dog doesn't
follow me!

e 12 g e et
e e G o o s o

Figure53. Design posters
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Prototype

The prototype was made in 3:1 scale with 3D printing. To display its wired structure, it has been

made to be floated in the acrylic box.

Figure54. Dog Walking Drone prototype (3:1 size)
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7

Discussion & Conclusion

7.1 Discussion

7.2 Conclusion
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7.1 Discussion

In this chapter, it summarizes various applications of a Wired battery structure and discussions on the

concepts.

7.1.1 Impact of Design

The Wired battery structure provides new use contexts which requires sufficient supply of battery
power especially. It suggested 3 different Rescue Drone, Delivery Drone and Dog Walking Drone,
which can inspire other usages. Easy to sustain the long-term flight with heavy loads, it is open to the
variety of applications from the heavy furniture transportation to the daily route guidance for the

visually impaired person.

7.1.2 Opportunity Seeking Approach

Its applications create new opportunities which is close to our daily life with differentiated benefits
from the existing market with industrial usage. The Wired battery structure can be applied in various
contexts as proposed in the context tree. By reducing the weight of the battery, the flight efficiency is
increased, and replacement of the battery cell can extend the flight time unlimitedly. Thus, it is useful
for both of long-time flight and heavy load transportation.

The applications of Wired battery structure can be divided into two main categories. Transporting
human for the rescue purpose or rehabilitation treatment and transporting objects for the delivery or
human assistance purposes - such as heavy furniture delivery or guiding visually impaired person in

the city.
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7.1.3 Limitation
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Figure55. Aviation law (Korea)

Regulations

Drones are still controversial regarding safety regulations. The aviation law prohibits the flight of the
drone after sunset because it is dangerous without visibility. Thus, controlling Dog Walking Drone at
night can be restricted for such safety issue.

In terms of place, flight within 9.3km range around airport or the Military Demarcation Line is also
prohibited. Also, the place with large transient population, such as sports stadium or festival is a
restricted for flight, since the drop of drones could make a big accident for the people. Thus, such
contexts of use can be restricted for the assistance drones such as Dog Walking Drone or guidance

drone for the visually impaired person.

Safety issues
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Figure56. Korea Consumer Agency safety condition research (2017.6)
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There is an issue of a collision or drop of the drones. Recently, there have been several accidents of
the heavy drone which dropped during its flight. The wired battery drone is relatively safer than
existing drone since it flies within the restricted altitude. However, the collision of the Rescue Drone
with surroundings such as rocks or trees could bring fatal injury to the patient.

The propeller is also another important issue. According to the Korea Consumer Agency (Figure56),
57.5% of drone accident is caused by collision with drone and its propellers. Mostly, the injury was on

arms or hands by 65.2%, and face or head was 30.4%.

Thus, it is more important to keep safety with large sized propellers, since they rotate faster and are
made of harder materials than the smaller ones. Further study of propeller guards or mesh structures

that properly protects the propeller from collision will be needed to reduce this risk.

Figure57. Propeller mesh and guard example

Technical issues

The noise problem is also a technical area to be solved. Existing drones make about 75- 80dB
(Dronethusiast, Oct 7, 2019) of noise, which is very unpleasant to users. Especially, since the Rescue
Drone uses a large sized propeller of about 50cm of diameter, its noise is expected to be very large

enough to be harmful for both of patient or the rescuer.

In addition, for the Dog Walking Drone, the propeller noise could be harmful for the dogs since they

have 16 times sensitive hearing ability than human.

Even considering the effects of the low-noise propellers and noise reducing ducts which are currently

available on the market, it is still one of the main issue that must be solved.

56



Manufacturing

For the Dog Walking Drone, the obstacle detection sensor is important. Especially, since it is
expected to be used in a park or trail where people walk by, avoiding collision with walking human is
very important. However, current obstacle sensors cost a lot and containing such components will
highly increase the price. The estimated price of the drone will be at least $2000 (estimated price refer

to the Mavic Pro 2). Then, the target needs to be changed to be suitable for the high-end.

In developing software, there are various situation to consider. It requires software side testing and
development to control the unpredictable dog behavior such as biting up the leash or staying still and

not following the drone etc., and prepare for various situations of emergency.

7.2 Conclusion

7.2.1 Project Summary

First, from the market research, it could identify how current battery issue limits the applications of
drones. Especially focusing on the drone with the loads, various fields such as agriculture,
photography & inspection, light and heavy weight delivery drones were researched and analyzed in

terms of their limited usage by flight time limitation and weight capacity.

Second, by comparing 5 types of current battery solutions, the benefits and practicality of the Wired
Battery structure compared to other types of battery solutions — such as inductive charging station or

hydrogen fuel cells were identified.

Third, using Wired Battery structure the context tree was derived. They were classified by what they
transport, which purpose they are used for etc. There were several ideas of applications such as
furniture delivery, rehabilitation treatment or guidance for visually impaired person, which could be

used closer into our real life contexts.

Fourth, among them, three main contexts were selected — which is rescue in mountainous areas,

walking the dog, delivery service and their design requirements were described.

Fifth, the ideation & development was processed, suggesting use scenarios including the interview
result from the real dog owners for the further development. help the user's work or to load objects,

and by defining an identity and a use scenario, finally, it was possible to specify the details of each

inside through development.
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7.2.2 Expected Contribution
Social aspect

By extending the applications of the drones with Wired battery structure, it is possible to increase the
usability of drones that were previously limited to industrial fields such as reconnaissance, agriculture,
and photography. In addition, since the drone can move faster than the existing ground-based
transportation methods such as motorcycle or truck, it greatly improves the transportation efficiency

especially for the mountainous, forested or flooded areas.

Also, the Wired battery structure does not require any complicated direction control, as seen on the
Rescue drone and delivery drone. Thus, user can more focus on their tasks than using the controller,

and it increases the efficiency of their work performance.

Furthermore, with its unlimited flight time, drone can assist and perform various tasks to lessen the
physical burden of the users. For instance, the drone for visually impaired person can visually guide
them or also could help them by carrying heavy loads such as shopping bags with its sufficient battery
life. The Dog Walking Drone also reduces the physical burden of walking and caring the dogs, it
brings healthy lifestyle for both of dog and the owner. The dog walking plays an important role of
physical and the mental health of dog and the owner (Rebecca A.J, Alan M.B & Sandra M, 2011).
This would be greatly helpful for both of dog and busy owner by increasing the activity time spending
together with less effort and energy. Also, there will be an economical benefit from the user's point of

view as there is no need to separately call the dog walking assistant.

7.2.3 Future works

Improvement

Currently, drones still have many controversial issues in technological aspects. Although battery
problem was one of the main issue for its function, but still the noise and safety issues are also
important for its commercialization in a daily use. Especially, for both of Rescue Drone and the Dog
Walking Drone, its decibel level shouldn’t be stressful for the user or dogs. The hearing sensitivity of

the dog and their stress level should be measured through the tests for the further study.

Various tests are needed to verify whether the drone can walk with the dogs. From the user study,
there are still various views on walking the dog with a drone. Some interviewee answered that it feels
like a means to abuse their dogs. They were skeptical for the machine taking role of the owner instead
of the human, and they were also not sure whether the dog would follow the drone since it lacks
interaction that owner and dog can give each other. To provide objective view on this issue, various
verification process is needed by testing with diversity of dog characteristics — playful, sociable, shy,

bold etc.

58



References

1) Kim, S.-H., Lee, D.-K., Cheon, J.-H., Kim, S.-J., & Yu, K.-H. (2016). Design and Flight Tests of a
Drone for Delivery Service. Journal of Institute of Control, Robotics and Systems, 22(3), 204-209.
https://doi.org/10.5302/j.icros.2016.16.8001

2) K. Dorling, J. Heinrichs, G. G. Messier and S. Magierowski, "Vehicle Routing Problems for Drone
Delivery," in IEEE Transactions on Systems, Man, and Cybernetics: Systems, vol. 47, no. 1, pp. 70-85,
Jan. 2017.

3) Deliver Future: DHL Parcelcopter flies 37 miles autonomously to a remote island in Lake
Victoria| Website]. (2019.10.06). Retrieved from https://dronedj.com/2018/10/10/deliver-future-dhl-

parcelcopter/

4)TheFreeDictionary : "unmanned aerial vehicle" [Website]. (2019.10.06). Retrieved from
https://www.thefreedictionary.com/Unmanned+Aerial+Vehicle

5)Different categories, and types of drones for you to know[Website]. (2019.10.8). Retrieved from
https://skilledflyer.com/types-of-drones/

6) Drones Market Map: 70+ Companies Navigating Unstructured Environments. (n.d.) Retrieved June
15, 2020 from CDINSIGHTS, https://www.cbinsights.com/research/drones-startup-market-map/

7) DI AGRAS MG-1. (n.d.) Retrieved June 15, 2020 from https://www.dji.com/kr/mg-1

e, =l 4L =2, WAl 2300 dozE 1.9%%E", FRA
https://www.nongmin.com/news/NEWS/ECO/FRM/311295/view

i

NAAIEE, o] 3], §71%.(2016). TRLE =8 V=Ed L FA. Ao ZHE A ~EISHS] ],
22(3), 34-42.

10) Tarot T-18 V2.1 Ready To Fly Drone. (n.d.) Retrieved June 15, 2020 from
https://uavsystemsinternational.com/products/tarot-t-18-ready-fly-drone

11) Aircraft-VulcanUAV. (n.d.) Retrieved June 15, 2020, from http://vulcanuav.com/aircraft/

12) HYDRA-12, the Heavy lifter multirotor UAV. (n.d.) Retrieved June 15, 2020 from
https://altigator.com/hydra-12-heavy-lift-uav-drone-uas/

13)Jong-beom Kim, Seung-won Heo, Do-hyeon Kim, Tae-sung Park, Jeong-jae Ahn, Woo-chan Son,
Seong-ki Taek. (2019). = HiH 2] &2 A|AHL =R FA s TEtEhs] =24,
23(2), 174-176.

14) Rakuten+Drone. (n.d.) Retrieved June 15, 2020, from https://drone.rakuten.co.jp/en/

15)Kim, H-W. (2017). =&27]% & Wt A, AR A S A7) %83 =74, 10(6),
601-608. https://doi.org/10.17661/JKIIECT.2017.10.6.601

16) GRIFF Aviation: Fly with a legend. (n.d.) Retrieved June 15, 2020, from http://griffaviation.com/

17) BAS, o8], $9E, PG, et A o) Avh W, FFUR
https://www.hankookilbo.com/News/Read/200610022368848144

59



18) A&, “F8AAIF AZE10E 02, UK https://news.joins.com/article/23499518

19)Futurism: Wireless Charging Tech Lets Drones Stay Aloft Indefinitely[ Website]. (2019, January
7). Retrieved from https://futurism.com/drone-charging-mid-flight)

20)&4 ¢k (2005). Fa-AEAA NEdF D AG AN A, 1(1), 24-31.
http://www.dbpia.co.kr/journal/articleDetail ’nodeId=NODE06187986

21)Hayley.C, Billie. G & Matthew K. (2008) Encouraging physical activity through dog walking:

Why don't some owners walk with their dog?
https://reader.elsevier.com/reader/sd/pii/S0091743507003775?token=8813E70B6F3EB93DC2595E26
D463B7718BB0451D84B22826BC427E48D8CD044B239C917890E4431735F518CC79B1BCYA

22)Techholic : "AlH B =8 AASHW..", (2015, July 10). Retrieved from
http://www.techholic.co.kr/news/article View.html?idxno=35980

23)Lipman, E., & Grassi, J. (1942). Comparative Auditory Sensitivity of Man and Dog. The American
Journal of Psychology, 55(1), 84-89. doi:10.2307/1417027

24)SNAIL Racing propulsion system. (n.d.) Retrieved June 15, 2020) from
https://www.dji.com/kr/snail

25)PetExpertise : Leash Training: How to Walk a Dog That Pulls[Website]. (2016, November 09).
Retrieved from https://www.petexpertise.com/dog-training-article-training-your-dog-not-to-pull-on-
the-leash/

26)Dreater : AU/l A Ho] dEF= v A A sE WH, (2018, December 30).
Retrieved from https://dreator.com/bbs/board.php?bo_table=dog&wr id=7

27)Dronethusiast : What Are the Best Silent Drone Choices and What Applications Are They Good
For? — [Updated Holidays 2019], (2019, November 26) Retrieved from
https://www.dronethusiast.com/what-are-the-best-silent-drone-choices-and-what-applications-are-
they-good-for/

28)Rebecca A.J, Alan M.B & Sandra M, (2011). The Health Benefits of Dog Walking for Pets &
People,https://books.google.co.kr/books?hl=ko&lr=&id=KKOWDwAAQBAIJ&oi=fnd&pg=PP1&dq
=dogt+walking+health&ots=Mw6KE2eVII&sig=IGIx3MIAW 7acZyrOPokFAzL OPuA#v=onepage&q
=dog%?20walking%?20health& f=false

60



Appendices

Appendix 1. Usage of drones by drone size, flight range

Size
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Appendix 2. Ideation sketches
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- ZOPX| Sof YAE LEA WE2I R, CEO| 2HE W DS 142 UM b
- Z0pXI7} 1R B2 OIS HE RO|X| R 360 I 2A0/0| ALZ

28§ HER|

360% 2|3 240j0) R=
(RUHY =28 #ojs2lo|?] #1)

HO| = 2EY

Type A. EijHlE 5= 2

Ideation

Type A. EibjtjE S= E8

<Problem>

- S0 8 Wi 0| 100717 Y | WS

- $3717h A& OHWER}D SiCiate, 2t S0iC 37| 7ICHE
AlZto| 2tof, AEte 2 X|H L2 0M bl g

- WLl Feol Z2, $27I%t WXElof UK B2 P U

<Solution> 7
- WX|OJN JIES ABBICP}, RA| HEOR a4 CGhckion S
A ER & 7IE 2F - ¥ 20ky

o) ¢ :
<Design requirement > [ . 1 QA
- Rt 2 BUS U 4 20I0F 310, 82 DHA{0} [ > Bldie 6 T \“f\

g
- AT OI8A HHE2| W2 RAH 7t L1 SUX| LotoF B

62



Type B. 7t7-2¢t
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Type E. =018 EX S E(mate)
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Appendix 2. Questions for the interview

» Interview guide
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Appendix 3. Results from the interview: Q 1~10

Interviee 1 M) Worker

Q1. How do you raise the dog?

1 Dog type/size | Mongrel, large dog

2 Characteristic | Very active, likes to go out

3 Favorite activities | Eating

4 Where do they live? | Detached house

5 Habbit | Walking around

6 Time spending alone | From 8am-5pm

7 Any depression behavior| Digs the ground, frequent urination

8 Time/Place of dog walking | 10-20 minutes,1-2 times a week / near the house
9 Training experience of dog walking | Tried, but cannot control the dog. She's
too strong & speedy.

10 Worries on dog walking | Biting someone

Interviee 2 M /(® worker

Q1. How do you raise the dog?

1 Dog type/size | Mongrel, small dog

2 Characteristic | Annoyed of walking, likes to eat
3 Favorite activities | Eating

4 Where do they live? | Apartment

5 Habbit | Eating, staying at home

4 Time spending alone | X

7 Any depression behavior| X

8 Time/Place of dog walking | 10-20 minutes,1-2 times a week / near the apartment
9 Training experience of dog walking | X

10 Worries on dog walking | Eating food on the ground

Interviee 3 @/F student

QI. How do you raise the dog?

1 Dog type/size | Chihuahua, small dog (3 years old)

2 Characteristic | Sociable

3 Favorite activities | Likes to play & going for walk

4 Where do they live? | Apartment

5 Habbit | Playing with toy

6 Time spending alone | About 5 hours

7 Any depression behavior | Destructive chewing in home

8 Time/Place of dog walking | 30-40 minutes, 7 times a week / park near the house
9 Training experience of dog walking | X

10 Worries on dog walking | Afraid of other dogs, so she runs away when other dog
barks. She also likes to follow strangers.

Interviee 4 M /) worker

Q1. How do you raise the dog?

1 Dog type/size | Miniature pinscher, middle sized dog

2 Characteristic | Like to eat foo much, have lot of fear, Lack of socialization

3 Favorite activities | X

4 Where do they liveg | Apartment

5 Habbit | Likes to eat & sleeping

4 Time spending alone | From 7:30am-5pm

7 Any depression behavior | Ruins the house, digs the wall, lonliness(skin iliness, hair loss)
8 Time/Place of dog walking | 30 minutes,1-2 times a week / Park near the house

9 Training experience of dog walking | Tried, but it doesn't work. Luring with snack.

10 Worries on dog walking | Watching training video & Snack luring
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Interviee 5§ m /) siudent

Q1. How do you raise the dog?

1 Dog type/size | Miniature pinscher, small dog

2 Characteristic | Afraid of people, Lack of socialization

3 Favorite activities | Playing with toy

4 Where do they live? | Multiplex housing

5 Habbit |

6 Time spending alone | From 8am-5pm

7 Any depression behavior| Greets owner toc much

8 Time/Place of dog walking | 2 hours,1-2 times a week / Park near the house
9 Training experience of dog walking | X

10 Worries on dog walking | Since lack of socializing education, she could bite
someone. She could be afraid of people.

Appendix 3. Results from the interview: Q 11&12

Interviewee

Response on Q11&12

Interviewee

1

Interviewee

2

Interviewee

3

Yes, it would be helpful for training the dog. Since my dog is not trained but so active and big, we
cannot control his power when walking. I think this drone will help us training him, since my dog likes

the snack.

In preparation for emergency, the control components such as giving physical shock can be helpful for
restraining such a large dog. Also, I wish this product can help us to go our own family picnic rather

than focusing on the dog caring.

No, I think this product would be better for other people who need help for dog walking. We go walking
once or twice a week for 10-20 minutes. I don’t feel any difficulties in walking her, since she does not
have any problems in walking. I think, this product would be suitable for the elderly people who raises
dog alone. Since they easily feel tired, this drone would be helpful. Or the dog walkers would be also

nice target since they sometimes need to go walking with 2 or more dogs at the same time.

I think this product would be good for others who cannot afford time for walking, such as workers. My
dog chews destructively or has potty-problem when she gets stressed. Early in the morning or at the

dinner, on the way of going home from work, this drone would be useful to walk with the dog.

For this product, I’m worried of potty-problems, since the owner need to clean it. Also, my dog looks
back to check the owner following, and she turns back when I miss the leash. I think drone would not

give such stability while walking. I’m worried that the dog might feel difficult to keep the pace.
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No, since my dog hates walking. My dog is somehow different from other dogs. When she was young,
she liked to go walking and we walked 30minutes 5 days a week. However, as she grows old, she just
likes to stay in home without walking. I’ve done various efforts to train her walk. She likes food so
much so I’ve tried to train her with snacks, but it failed.

Interviewee

4 For this product, I’'m worried about ethical issue, since it gives feeling that my dog is controlled by a

machine. Also, I think the drone cannot control the dog of this size and the size of the drone could be
threatening to others who walk by. There are quite many people who hates dog especially who have a

trauma of got bit by a dog. Also, the leash needs to be tight it shouldn’t be loose.

Yes, I especially like the idea of giving alarm to owner and training the dog with the snack. By giving

an alarm, [ can have more time without caring her.
Interviewee

5 I think the dog needs time to get used to the drone.

Appendix 4. Dog Walking Drone poster & use scenes
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Problem

‘I Dog doesn't
follow me!

Some dogs need training before they walk.
They do not easily follow the owner, which

makes the owner tired & stressful. They need to
spend time on training with effective method.

Solutions

Smart
Leash training

It trains the dog effectively with smart leash training. Pull-

ing the wire. the drone leads the dog and it drops some

snacks from the food dispensor fo lure the dog o follow.
.

In the ‘Training mode". if the dog goes ahead
of the drone, it pulls the wire oppositely with the
sound, to feach the dog follow it.

2 Too fired to walk

Dog owners who work usually arrive at épm.
However, the dog want to play and go out
with the owner. Spending time after working
could be a physical burden for the owner.

wﬁiﬂ? ¥

3 Need to care

Dogs need at least 30 min of dog walking
everyday. While spending time with them,
the owner can never take their eyes off

and do other things, such as taking a rest.

Avutonomous
Dog walking
User can control the drone using App. With autonomous

fight, user does not need to walk the dog. It greatly lessens
the physical burden of the user.

"
Full-time care
.
by sensing
With full-time sensing, the drone detects the danger or
eemergency to send an alarm o the user. With sound & GPS

sensor. it sefges dog barking, or going o the roads.

~

o

R
s

Bark,Bark!

sound sensor

User can set the path using the ‘Confrol mode’
In this mode, user can set the direction by dragging.

\

Danger!

User can also select the
Automatic Walk through
the saved route.

User controls the drangusing App. They can

Owner put Battery Pack op the dog, choose Training mode' o ‘Conirol mogle'.

r

' Rep

The user can re o
more flight fime.

T
l,: -

I the dog goes fo the road, the drone senses
it through GPS, and gives algf1o the user.

bo?kﬁ{'moynood
#he ot fime

unimitedly.
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Executive Summary in Korean

Wired Drone and Suggestions

for its Applications

S22 o BYD Aol B2 WOl ofziyfr MY Rop| HEED ok 22
Of0tE, T2, DHL I 22 Cf7|%S0| S22 0|83 B AIAHC| A AS5D 9UCk
S22 A4S JWeR St E3, ARE9 e IR 2aAAHECt oY U
QAHIES ZOIZ #O OfLI2L FUSIALE A AYOILE LI, AR 22 RHEHEC|
WSS M| Lot LS W2 25T 4 9UCt

JdeiLt @ J|sRE SE0| 24, Y £HORNO| Ci¥s O #77t Ut S3

= == HiE2| etAof Cioli B[l A[Zte] =28 A & A FAQl eAE HE & &
UAe B2 &84S AAECh Eo, Hes| HiEe] =88 =0 A0l Otd, o
MESFOM dEH2E HE Jtst Yotes M50, 0| Sof EE9 88dS =0|124t
SFLY.

M, BIAIE 2MAIE So A S2 AYO| HHS ZAIBIASD, 2 AN HHE(2)
A7 A0l ofE FES MRS o & z 3t
S o2 TMEC FUHS U U B JSTAOIM A0 HEE 4 U= B

BiE{ 2| £548= A2tstRALt

r

u

&l

—

E3, 2 SRHO| CHYS TE FEHO| CfE OO|CIO] U HHMAES U 24

2
HEf2 H2|stRUCt 1 =, 3 7tR| HEAEO| TSt Problem & Design requirement S

Eg|
He2|stct Eot, Sfie 2SS AE2s5H0], 2t HEIAEO| 2= Use scenario 2} ideation &
develop S RIGHSIICE 3 71Z| OFO|C|O] &, 2|&QtQ! Dog Walking Drone Of CiSt 2| 3D
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