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Abstract

Drones are autonomous vehicles that have been beneficial to humans since their creation.
Drones are considered to carry out activities efficiently. In the last ten years, drones are
becoming a common sight. Filming for TV and Movies, surveillance, delivery, and hobby
flight are some tasks which make use of drones. The potential of drones is slowly, but surely
being uncovered and yet we've just scratched the surface. Companies like Amazon use

drones to make deliveries more efficient.

Drones can make standard services efficient, like in healthcare, public security, etc. This
project utilizes drones for deploying emergency healthcare and uses technologies like GPS
location, mobile applications, web services, drones, and ground control stations. The system
is designed to aid first responders to an incident or injured people. This project also

introduces a drone policy to govern the use of drones at Ashesi University.
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Chapter 1: Introduction

1.1 Background context

The World Health Organization reported in 2010 that approximately 5.8 million
people die worldwide every year, with injuries. 10% of these deaths and a quarter are a result
of road traffic accidents, which mainly occurs in Sub-Saharan Africa. The WHO report also
stated that the use of timely and efficient ambulance and emergency care could avert the

high mortality rate [1].

Ghana, a developing country in sub-Saharan Africa is a country that has a lot of
challenges which can be solved using technology. Thus, in this paper, some applied
technological solutions to some common countrywide problems in developed countries will
be remodified to fit the African context, particularly Ghana. According to a national road
safety report of 2007 indicated that at least six people are killed daily in road traffic accidents

(RTAs) [5].

More specifically, the limited number of ambulances in Ghana and sparse road
networks limit the ability to provide efficient ambulance and emergency care, through the
traditional process of using paramedics and ambulances. In this paper, I propose a solution
to this problem which is an alternative means to the conventional method of carrying out
emergency care. [ carry out a project in the smaller Ashesi University community to test the
feasibility of the solution, which also serves as a good sample for a case study since the risk

of injuries is also prevalent in this space as injuries can occur anywhere.

1.2 Motivation
The mortality rate in Ghana has been on the rise for some years now. This increase
has been attributed to the deaths by road accidents and the late response time of paramedics

onto the accident scenes due to either the lack of ambulances for transportation or sparse



road networks. This setback hampers on the ability of the Ghanaian health sector to reduce

these mortality rates by implementing quick and efficient emergency healthcare.

To narrow the scope of this problem, I decided to focus on Ashesi University’s
emergency care system and review it based on user experiences and propose a more efficient
means to compliment the Natembea health centre’s processes. A survey was carried out to
find out from members of the community concerning their experience with getting first aid
when injured. This survey was carried out mainly to find out if users were satisfied with the
current process for obtaining emergency care on the Ashesi University campus. The first
aid care procedure on campus currently is such that when a member of the community is
injured on campus or anywhere near Ashesi property during the day, he or she must go to
the health centre to get treatment. Whereas at night, the on-campus hostel residents are
catered to by the Hostel lobby manager and off-campus residents are largely left to fend for
themselves. From Figures 1.1, 1.2 and 1.3 below, most students highlighted the challenge
to first aid on and off-campus, and also expressed the unanimous need for faster access to

first aid.

5. 0n a scale of 1 to 5, how difficult was it to find a first aid kit [Select as

: Scale
appropriate] 1- Very easy
20 responses 2- Quite Easy
3- Fair
15 4- Somewhat Difficult
8- Very Difficult
10 11 (30.6%)

10 (27.8%)

7 (19.4%)
5 6 (16.7%)

2 (5.6%)

Figure 1.1: Difficulty level of getting first aid kits



4. If yes, how long did it take to get emergency care (first aid).

17 responses

1 took care of it on my own in my room

| catered to it by myself and sometimes | got medication from the hostel lobby.
30 mins

Tweek

Within few hours

N/a

Not long. | just went to the health center.

It was on a weekend. Health center wasn't opened

Well not too long because there was a kit in my hostel plus | had some emergency things of my own.
Had to wait till the next day

My RA had a kit

About 15mins

Figure 1.2: Waiting time before getting first aid care

6. Would you prefer a faster means of getting a first aid kit and care when
injured?

62 responses

® Yes
® No

Figure 1.3: Respondents answer



1.3 Related Work
Some unmanned aerial delivery systems have been carried out in countries to help
make delivery of goods much more efficient. This section looks at some of these projects

which are of importance to this project.

1.3.1 First Aid Drone for Outdoor Sports Activities

The unmanned aerial assistance system proposed in this paper uses drones to assist
athletes in cases of minor health problems, like sprains, and abrasions, or in more severe
cases, such as, dehydration and heat strokes [2]. Athletes’ details are registered into the
system, and upon the request of the service to provide care for injuries through an SOS

emergency button, then a drone is sent to the registered athlete’s location.

1.3.2 The Disaster Project

The European project call for proposals on “Remotely Operated CBRNe Scene
Assessment Forensic Examination” incited many submissions, one of which is the
"Disaster" project [3]. The “Disaster” project is intended to deal with a wide range of
disasters and aid the first responders in their task. Time is of the essence in all types of
emergencies, so the project aims to make the responders work both more efficiently,
especially concerning time, and safer. The project focuses on a few specific scenarios that

have been selected to represent a wide variation on challenges.

1.3.3 Medical Drones Systems for amusement parks

The Medical Drones System is a system implemented in areas such as skiing resorts
and amusement parks. These places are usually filled with tourists who are scattered
everywhere enjoying their time [4]. As such in the event of an emergency, it is quite
challenging to reach the patient or injured person quickly. There is a lot of time involved in
locating injured people and not considering the extra time because of long distances and

paths. Which could be time-consuming and life-endangering. As a result, the medical



delivery system was designed to autonomously locate injured people, which will possibly

save effort and time and eventually help to rescue wounded people successfully.

1.4 Proposed Solution

I propose a drone supported first aid system (i.e., Verifly) to assist the Natembea
health centre at Ashesi University in delivering emergency care to injured persons as well
as provide these wounded persons with a faster means of getting first aid. This proposed
system presents mobile applications for users (i.e., the requester and health centre

personnel).

The Verifly project will serve as a complementary service to the Natembea Health
Centre's existing emergency care practices. The project aims to increase the level of
efficiency in delivering first aid care on the university's campus. The solution is a healthcare
delivery system which consists of mobile applications and a ground control station for
requesting healthcare services and deploying them. The project will also contain a drone
policy to ensure the safety of the Ashesi community, i.e., Students, Staff, and Faculty while
drones are in the airspace. This system will help reduce emergency care response time and

reduce injury complications and, or risks associated with injuries due to delayed healthcare.



Chapter 2: Requirement Specification

2.1 Introduction

The proposed system, Verifly, has two main components, that is the hardware and
the software component. The software component is the medium through which a user
requests for first aid kit and care assistance and the hardware component is responsible for

carrying the first aid kit to the user at a specified location.

2.2 Overall Description

Verifly is a system that readily makes use of a mobile application to engage users in
interaction. Users must download the app onto their mobile devices. Upon the first
installation and launch, users are asked to sign up, which serves as a form of registration.
This activity is done to collect some vital information from users and to assist the Health

centre personnel in carrying periodic check-ups on users of the system.

When a user requests for a first aid kit equipped drone on the application, the current
location of the user is collected and sent to the ground control station. At the ground control
station, the system checks if there is a drone in the air already which has finished a task

already and sends the coordinates to that drone to the user’s location.

If there is no drone in the air at the moment, an inactive drone at the ground control
station is equipped with a first aid kit and given a command to go to the user’s location.
When the drone gets to the destination, the user takes off the kit and uses it. The user
reassembles the first aid kit, and a button on the application is clicked when done to prompt
the return of the drone to the ground control station. The overall description is depicted in

Figure 2.1 below.



User requests
drone
User
pushes
done

DI

Drone goes Drone returns to ground control station

to user’s location

Figure 2.1: Overview of the proposed solution

2.2.1 Hardware component

The hardware component of the system is made up of the drone and the electronic
devices needed for the ground control station. The drone is responsible for the transportation

of the first aid kit, and the ground control station is for scheduling flights of the drones.

2.2.2 Software component

The software component of the system is made up of a mobile application which lets
users request for a first aid kit. The app will also have a functionality that takes the user’s
GPS coordinates and sends that to the ground control station. The mobile application will
also allow administrators (i.e., the health centre personnel) to start the automated flight

process to the request locations and also will enable them to create usage reports.



2.2.3 Key features

As part of the survey undertaken, respondents were asked about some features they would
like to have on the mobile application, that is from the perspective of someone who would
request first aid. Figures 2.2, 2.3, 2.4 and 2.5 depict some responses. Basic critical features
of the system were identified to deliver the solution. In addition to this, a survey was carried

out to find out any additional features users would like to have on the application.

13. What type of information would you want to be stored on a first aid kit
app?

62 responses

® Identification details only ( Name,
Email address)

@ |dentification and health details
(Name, Email address, Medical
condition - allergies etc)

Figure 2.2: Identification details preference

14. Would you find it useful to have first aid guidelines with pictorial guides
of the contents of the kit displayed through the mentioned mobile application?

62 responses

@ Yes
®No

Figure 2.3: Importance of pictorial guides



15. Would you like to learn first aid care on the mobile application at any
time?
62 responses

@ Yes
® No

Figure 2.4: Respondents who want to learn first aid care on the application

16. Would you like to have quizzes incorporated into the mobile application

62 responses

® Yes
®No

Figure 2.5: Respondents who want to take quizzes on the application



The essential features of the system are:

e User registration

e Interaction with server for user authentication

e Request for First aid kit

e Transmission of location information

e Learn first aid

e Take quizzes to test knowledge

e View request locations

e Drone flight to location

e First aid kit and procedure display

e Sending drone back to home location i.e. ground control station

e User reports

2.2.4 User Categories and Characteristics
There are two main user categories of the system. These users can be classified as

primary and secondary users.

The primary users in this case will be all people in the Ashesi community who have
the possibility of getting injured or are injured. They will use the system to request for

emergency first aid care from their phones to whatever current location they are in.

The secondary users can be the Health centre personnel, who will be responsible for
assembling first aid kits. This class of users are also responsible for controlling the flight of
the first aid kit equipped drone to the request location. They may also use the system for
research purposes to analyse which injury cases occur frequently and the cause of such high

occurrences.
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2.3 Functional Requirements

The detailed functional requirements are discussed below:

2.3.1 User registration

The user will be notified to register or sign up

Stimulus/response sequences

Step 1: The mobile application is downloaded.

Step 2: When the application is launched for the first time, a registration form is displayed.

Step 3: The form sends information to the database.

User requirements

e The user must fill in the specified information.

System requirements

Validation: The system should be able to detect incorrect inputs and check if any of the

primary key details already exists in the database and notify the user.

Input/output

e The input is a valid form entry.

e The output from this is a notification of a successful registration.

2.3.2 Interaction with server for user authentication

On successive launches of the application the user is asked to log in or sign in

Stimulus/response sequences

Step 1: The mobile application is launched.

11



Step 2: When the application is launched again, the user is asked to sign in via a form.

Step 3: The form sends the information entered to the database.

User requirements

* The user must fill in the required fields.

System requirements

Validation & Query: The system should be able to detect incorrect inputs and search if the

inputted information matches any information in the database and notify the user

Input/output

* The input is a valid form entry.

* The output from this is a notification of a successful log in or sign in and a redirection to

the home or landing page.

2.3.3 Request for First aid kit

On the home page a button with the caption request is displayed

Stimulus/response sequences

Step 1: A button is displayed on the home page

User requirements

* The user must click on the button.

* After the user clicks on the button, he or she is redirected to a page where a list of injuries

is displayed for selection based on what is applicable.

System requirements

12



Connectivity: The system should be able to connect to mobile devices to be able to receive

requests and notify the user.

Input/output

* The inputs are button clicks.

* The output from this is a notification of a request acceptance and a notification of a drone

on the way and the display of the user’s location on a map.

2.3.4 Transmission of location information
The GPS coordinates from the request phone location is sent to the database and can then

be accessed by the Health centre staff.

Stimulus/response sequences

Step 1: After an injury is selected from the list of injuries during the request process, a

function runs to get the GPS coordinates of the user.

User requirements

* The user must click on the request button and select an applicable injury.

System requirements

Connectivity: The system should be able to connect to mobile devices to be able to get GPS

coordinates.

Input/output

* The input is a button click which then starts a function in the background that accesses the

user’s location and inputs it into a database.

* The output from this is a notification of a drone on the way.

13



2.3.5 Learn first aid
On the home page a button with the caption that indicates to the user that this helps to learn

first aid is displayed.

Stimulus/response sequences

Step 1: A button is displayed on the home page
User requirements

* The user must click on the button.

System requirements

Connectivity: The system should be able to connect to mobile devices to be able to receive

requests and notify the user.
Input/output
* The input is a button click.

* The output from this is a redirection to another page with a list of injuries to start learning

the first aid care guidelines for the respective injuries.

2.3.6 Take quizzes to test knowledge
The home page also displays a button with the caption that asks if the user wants to take a

quiz to test their knowledge.

Stimulus/response sequences

Step 1: A button is displayed on the home page
User requirements

* The user must click on the button.

14



System requirements

Connectivity: The system should be able to connect to mobile devices to be able to receive

requests and notify the user.

Input/output

* The input is a button click.

* The output from this is a redirection to another page with questions that tests the user’s

knowledge of first aid.

2.3.7 View request locations
On the home page view of the administrator (health centre personnel) side of the app, a

button with the caption that asks the user if they want to view requests is displayed.

Stimulus/response sequences

Step 1: A button is displayed on the home page

User requirements

* The user must click on the button.

System requirements

Connectivity: The system should be able to connect to mobile devices to be able to receive

requests and notify the user.

Input/output

* The input is a button click.

* The output from this is a redirection to another page that displays a map with markers

showing where the requests made for a first aid kit equipped drone are.

15



2.3.8 Drone flight to location
The GPS coordinates is taken from the database and given to the drone to begin automatic

flight to the request location.

Stimulus/response sequences

Step 1: The GPS coordinates are taken from the database.

Step 2: A check is made for a drone already in flight or not.

Step 3: The GPS coordinates a sent to an available drone or to one already on a delivery.

User requirements

* The admin user must have clicked on the start flight button.

System requirements

Connectivity: The system should be able to connect to mobile devices to be able to get GPS

coordinates from the database and send it to drones.

Input/output

* The input is a button click which starts a function to get GPS coordinates from the database.

* The output is a drone starting flight.

2.3.9 First aid kit and procedure display

On the page a list of injuries is displayed

Stimulus/response sequences

Step 1: A list of common injuries is displayed on the page

Step 2: An injury is selected from the list

16



Step 3: A pictorial view of the first aid kit and guidelines is displayed on the page

User requirements

* The user selects an injury.

System requirements

Connectivity: The system should be able to connect to the server to be able to receive

requests and display requested information.

Input/output

* The input is a button click.

* The output from this is a notification of a request acceptance and a notification of a drone

on the way.

2.3.10 Sending drone back to home location i.e. the health centre

When user clicks a done button, the drone is sent back to the ground control station

Stimulus/response sequences

Step 1: A button is displayed on the home page

User requirements

* The user must click on the button.

System requirements

Connectivity: The system should be able to connect to mobile devices to be able to receive

requests and notify the drone to return.

Input/output

17



* The input is a button click.

* The output from this is the start of the drone’s return flight to ground control station.

2.3.11 User reports
On the home page view of the administrator (health centre personnel) side of the app, a

button which can be used to create reports.

Stimulus/response sequences

Step 1: A button is displayed on the home page

User requirements

* The user must click on the button.

System requirements

Connectivity: The system should be able to connect to the database
Input/output

* The input is a button click.

* The output from this is charts and graphs indicating the frequency of requests and various

injuries.

2.4 Non - Functional Requirements
Performance: The system should be able to perform efficiently even when there are
multiple requests and should be able to notify users when there are setbacks or problems

with the system.

18



Availability: The system should always also be functioning to ensure 24 hours of

access to first aid supplies when injuries occur at any time.

Security: The system should also be secure, to prevent data loss or theft which may
cause harm to users. Security measures should also be put in place to prevent unauthorized

access to user accounts.

2.5 External Interface Requirements
2.5.1 User Interfaces

The mobile application is designed to enable users’ easy access to the Verifly system
to request a first aid kit equipped drone. The client side of the application will have the
request first aid functionality, first aid care guidelines, standard injury lists, and a finished
first aid care functionality. The admin side of the application will show statistics of the app,

that is the number of registered users, number of requests and any complaints. A mock-up
of the user interface is shown below.

Ql Injury list  First aid guide I

Verifly

Username: Verissa Owusu
Age: 21
Email: verissa92@gmail.com

NS 2/

Figure 2.6: A mock-up of user interface
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2.5.2 Hardware Interfaces

The drone will communicate with the ground control station which will, in turn,
interact with the application. The transmission of data to the database is dependent on the
bandwidth connection. The TCP/IP protocol is essential in the interaction between the users’

device and the web server. The supported mobile phone devices are Android phones.

2.6 Drone Policy

Privacy is a huge concern for people especially when it comes to drones. Audio-visual
equipped drones are feared as people believe that they may be used to capture them in
compromising situations [14]. As such a drone policy was written to cater to some of the
concerns of members of the community. This drone policy gives guidelines concerning the
process of seeking permission to operate a drone on campus for research or recreational
purposes and other things. The Appendix section of this report contains the proposed drone

policy.
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Chapter 3: Design and Architecture

3.1 Introduction

The chapter depicts models of the high-level architecture of the first aid drone
system. Activity diagrams show the process flow from one activity to the next. The
activity diagram in Figure 3.1 below shows the flow of events for a primary user, after
registration on first use, or a successful login, a primary user has specific actions available.
Such a user can request first aid, learn emergency care or take a quiz to test their
knowledge in first aid. When the primary user is injured and wants to ask for first aid, the
user first selects an injury from a list and then gets a drone equipped first aid kit sent to his
or her location. Once the request for the kit has reached the health centre, the first aid care
guidelines for treating the injury is displayed on the application for the user. When the
drone gets to the user’s location, he or she then removes the kit from beneath the drone
and follows the procedure displayed on the mobile application. After treatment has been
applied and the first aid kit is reattached to the drone, the user clicks on a finish button to
notify the health centre to start a return flight process for the drone. In the case where the
user wants to learn first aid for educational purposes, they are prompted to click on a
button and then a list of injuries, and the appropriate care for each is displayed. When the
user is done, they are returned to the home page of the application. When a user wants to
test their knowledge as well, he or she can take a quiz on the app and get their results

shown to them as well as the correct answers to questions.
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Start ‘ Verifly Primary Users UML Activity Diagram ’

First aid equipped
drone flies to request
location

Select applicable

i View location
injury

First aid cquipped
drone flies back to
home location

Yes ﬁ Learn First aid

Take a quiz on first
aid End
End

Figure 3.1: Activity diagram showing flow of activities for primary users

Figure 3.2 below shows the flow of activities for the Health centre admin staff.
When a member of staff logs into the application, they are provided with options to view
requests and create reports. When the user chooses to view requests, a map is displayed
showing all the requests for first aid kits that have been sent by any injured user. Then
there are buttons displayed to send the first aid- equipped drone to the request location and
then a button to return the drone to the Health centre when the user is done using the first
aid kit. When staff wants to create reports from the system, they can click on the generate
reports button to create graphical representations of the frequency of requests, the

occurrence of injury cases and many more.
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Start ‘ Verifly Secondary Users UML Activity Diagram ‘

First aid equipped
drone flies to request
location

Send first aid
cquipped drone to
location

Get Location
coordinates

First aid equipped
drone flies back to
Yes home location

End

Figure 3.2: Activity diagram showing flow of activities for secondary users

3.2 System Architecture

The system uses the three-tier client-server architecture where the clients, i.e., user
classes interact with the system through a mobile application to carry out functions like
requesting a first aid kit through the app. The mobile application communicates with the
server. The server is on a remote computer; the server helps to carry out the functions. For
example, to request a drone the user’s location is sent to the server and then sent to the
ground control station. All the users interact with the same server to carry out requests they

have made to the system.
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Presentation layer

Data management layer

Application Processing
layer

Database layer

Database

Figure 3.3: Layered architecture for the system

Another architectural pattern that was implemented in the system was the Model-
View-Controller pattern. The MVC pattern separates the system into three components that
interact with each other. The View component in this system is responsible for presenting
the home activities, request activities, quiz activities, etc. to the primary user and the view
requests activities and the dashboard to the secondary user. The Controller is responsible
for handling user interaction with the views. The Model takes the interactions passed from
the controller and checks if it aligns with the business logic of the system; thus, the structure

of data and then gets data from the database.
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Displays results to
Controller user (updates view)

Widgets, Java Activities, XML

'

Sends requests

Passes requests to
the model

Java files, libraries

Fetches data

Firebase Realtime Database

Figure 3.4: MVC architecture of the system

3.3 Design Specification
3.3.1 Use case view

The use case diagram in Figure 3.5 below gives an overview of the parties involved
in the first aid system, different users have different actions on the system they make use of
and how they interact with the other functions. The use case diagram shows other activities
that are included and extended from another action. The log in activity of the primary users

includes a verify details actions and extends to a display login error action.
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Verifly System Use Case
Diagram

]

alth center stoff

Learn first aid

Take quizzes
Drone flight

monitoring

End First aid
session

Create reports

Set up account

Figure 3.5: Use case diagram for the system

3.3.2 Database architecture
The system will need a database that will contain tables regarding user details,

location details, admin (Health centre personnel) credentials. The user table will have details
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about users which will have data inserted into it mainly when users register; and will also

be used for authentication purposes when a user logs in to the application.

The drone table will contain details about the drone, such as the drone id, capacity

and other information to help track the number of drones available as well as functioning

correctly.

The location details should contain information about the users and their location.

Information will be sent to the table when the user activates the function needed to do so.

Requests
Admin
Requestld
Userld Adminld
! angitude ey yse-m=g-romg Email
L"dmude Fullname
Time
Users Relation Injuryld

Userld /\

Full name

Email Use

Allergies 1 |

MedicalCondition !

Drone
Droneld
; Name
Load capacity
Relation
Qui-nicores
Quizld
Userld

Score

Figure 3.6: Database architecture diagram
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3.3.3 Logical view

The logical view of the system describes the entire functionality. Sequence diagrams
below depicts models of some interactions between user classes and the system. The first
sequence diagram models the interaction from the registration to the request of a first aid
drone on the primary user’s side and the second sequence diagram models the interaction

from the login to the start of flight on the secondary user’s side.

()
A Hava :Database
Admen log in
>
Vabdate nputs >
valdation ak
Chegl o info exists »
(Else]
rvakd input
o Enter vald detals
Display activties
o) ogin successhul
[Else)
i5er does not exst
- gin
A »- -
View requests et 1 [ (371114 S——

Pk location coordinates- »

Send coordinates ta drane ta stan Sighte-

Figure 3.7: Sequence diagram for registration and request first aid activities
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/\ Class
/ \
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Post Request and create object
A |
" valdation ak »
Insert cbjectn database
[E198] o £nter vald detals— < rwald inout
- - ' Registration succestul

Display activiies
-

Request frstard kit

Gt user device location-pe-

Past request and create abject »

Insert abject into database—p

Figure 3.8: Sequence diagram for login and flight control activities

Summary

This chapter depicted the system’s design and architecture specifications. It also
contains illustrations of the use case diagrams, logical view, activity diagrams and database

designs.
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Chapter 4: Implementation

4.1 Introduction

The Verifly system comprises of Android mobile applications for primary users and
secondary users. Primary users are categorized as any member of the Ashesi University
committee and the Ashesi University Natembea Health Centre personnel as secondary users.
Prime users can request for a first aid kit through the application and get the first aid
guidelines displayed through the app. Primary users also have the option to learn first aid as
well as take quizzes to test their knowledge. Secondary users have functionalities such as
viewing the location from which requests are sent, create reports to find out the currency of

injuries and automate the first aid kit equipped drone’s flight to the user.

The DJI Phantom 4 is the drone used in this system. However, the drone was not
designed to deliver first aid kits. As such a first aid kit must be strapped to it before the flight

by a secondary user as depicted in Figure 4.1.

Figure 4.1: A picture showing the DJI Phantom 4 with a first aid kit attached
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4.2 Key technologies

A mobile application that requires registration upon the first launch and then the
user's details are entered into a database. The app will then display necessary user
information and options to request for first aid, which sends the GPS coordinates of the
person seeking to the ground control station- at the Natembea Health Centre, for emergency
care assistance. The drone will have a first aid kit which will contain medical supplies. On
arrival, a list of injuries options as well as pictorial guidelines is displayed on the app to help
the patient or a bystander administer proper first aid care. The primary user can also learn
first aid steps and take a quiz. Secondary users can use the second mobile application to
view requests and then initiate the first aid kit equipped drone to the wounded person, and
also create reports. A mobile application is an interface for users to interact with the system.
One of the reasons for using a mobile app rather than a website is because the DJI Phantom

4 drone does not have a Web SDK to enable the implementation of automated flight control.

4.2.1 Mobile Application

The Android Operating System is open source and free. The developers use the
Application Framework for Android as depicted in Figure 4.2. The Java programming
language is used in creating Android Applications. Android SDK tools help to compile the
data and the resource files and other images into one single archive package with a “.apk.’

extension. This apk file can be used to install the application with just a click on Android

Devices [6].
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The mobile applications in this project will be developed using Android Studio. The
Android Studio IDE enables user interfaces to be designed using the drag and drop method
as well as programmatically using XML. Functions and classes are programmed in Java.
Dependencies like the Google services will be implemented to enable the use of Google
maps and connection to the Firebase database to facilitate authentication and read and write
operations. The implementation of the DJI mobile SDK for Android is done using the

android studio application.

Applications

(o ) (oo ) (o) () (omme ) (o) (o ) (oome)
Coreen ) (omeon) Come ) Cooee) (i ) (o) (o ) )

Application Framework

[ Activity Manager ] [ Windaw Manager ] [ Content Providess ] [ View System ] [ N&:’:"::" ]

[ Package Manager ] [TehpnunyManancr] [ Resowce Manager ] [ Location Manager ] [ XMPP Service ]

Libraries

Media Framenofk ]

[ Surface Manager SCltte ]

g 0 = 1
Dalvk Virtual Machine

U] {
OpenGLIES ] [ FreeType J [ LitWetCore ]
i {

SSL ] Libe ]

SGL

Bluetooth Driver

Flash Nemory
Diver

Binder (IPC) Driver
( Power )|
| Management

7 Y YR
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Figure 4.2: Architecture of the Android Operating System

4.2.2 Global Position System (GPS) Technology

The global position system (GPS) is a global navigation satellite system that
comprises between 24 and 32 medium earth orbit satellites to form a constellation that
surrounds the Earth planet. A GPS receiver needs at least three satellite signals to compute
its two-dimensional position (latitude and longitude) or at least four satellites signals to
compute its three-dimensional location (latitude, longitude, and altitude) [2]. The GPS

signal will be sent from the phone application to a server, using GPS as a navigation system,
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the GCS (Ground Control Station) will read the message from the server, and fly the drone

on the defined path until they reach the destination.

4.2.3 Ground Control Station

The ground control station is responsible for the coordination and control of all the
drones. Therefore, a microcomputer is required to process all the data and manage all the
communications. The ground control station will be responsible for handling drone queues
and communicating patients’ locations from the applications with the drones. The ground

control station is the Natembea Health centre.

4.2.4 Google Maps API

To be able to display the user’s location on the map as well as display request
locations, it is essential to install the Google Play services SDK in Android studio. This
feature requires an API key. The fast way to get one is through the Android studio
application. This process first requires that a new Maps activity is created in the project files.
Android studio creates a google maps_api.xml file for you. Open the document, and in the
comment section, you will see a link, copy this link and paste it in your browser. Follow the
steps to create your API key. Copy the API key and paste it in the <string> element in the

google maps_api.xml file.

4.2.5 Google Firebase

Firebase is a platform that supports both mobile and web app development. Firebase
is essential to developers as it provides a plethora of tools and services to help develop high-
quality apps, grow user base and earn more profit [7]. Firebase also has cloud storage
features and a NoSQL database feature, that serves as a bonus for protecting against SQL

injections.

33



4.2.6 DJI Mobile SDK for Android

The DJI Mobile SDK is a software development kit designed to give developers
access to the capability of DJI's aircraft and other products. The SDK simplifies the
application development process by taking care of lower level functionality such as flight
stabilization, signal transmission, and communication. This way, developers do not
necessarily require a background in robotics or embedded systems to make use of drone
capabilities and can instead focus on the application the DJI product is integrated into [8].

Figure 4.3 shows the DJI Mobile SDK architecture and Figure 4.4 shows some classes of

the DJI Mission component.

Mobile Application

SDK Manager

Product Mission

Control
Component1 COmponentz

Subcomponent 1 Subcomponent 1

Subcomponent 2 Subcomponent 2

Figure 4.3: DJI Mobile SDK Architecture

Inherits from DJIMission Inherits from DJIMission Inherits from DJIMission Inherits from DJIMission

DJIActiveTrackMission DJIFollowMeMission DJIHotpointMission DJIPanoramaMission

* Settings * Settings o Settings * Settings

* State o State  State o State

Inherits from DJIMission Inherits from DJIMission

DJITapFlyMission DJIWaypointMission
* Settings * Settings

o State o State

Figure 4.4: DJIMission components
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4.2.7 Drone

A drone for civilian use is a propulsion aircraft, unmanned, reusable, operated by
remote control or/and autonomously (autopilot). The drone is an essential component of this
solution as it presents an alternative means of deploying emergency care. For this system, a
DJI Phantom 4 drone is a suitable drone with a payload capacity of 1.02lbs, and a first aid
kit is about 0.85kg and has auto take-off and auto return home features with GPS technology
capabilities which makes controlling easy. It has an application which enables monitoring
or camera operation and makes it more accessible. It also has a flight range of 3.1 miles,
which is roughly 5 kilometres with a speed of 40 mph. The drone also comes equipped with
a unique feature that allows it to avoid obstacles which might be interrupting the device in

its flight.

4.3 Android mobile application

The mobile application was built on the Android operating system. This decision is
because android is open source, has a more significant developer and community reach and
reduced cost of development and higher success ratio. The Android mobile application was
built using the Android Studio software. Android Studio is the official Integrated
Development Environment (IDE) for Android app development, based on IntelliJ IDEA [9].
Android Studio also enables easier integration with Google services. Thus, making it the
optimal software for the mobile application development for easy integration with Firebase

and Google Maps services implemented in the application.

4.3.1 Android Application for Primary Users
4.3.1.1 Getting user’s location

When an injured user wants to get first aid care a button on the home page is clicked
to start the request process. A screenshot of the home page is depicted in Figure 4.5. Once
the user clicks the button, the device location is fetched using the Fused Location Provider

which is used to retrieve the device's last known location. The fused location provider is one
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of the location API services available in Google Play services. The fused location provider
manages the underlying location technology and provides a simple API so that you can
specify requirements at a high level. It also optimizes the device's use of battery power [10].
The getLastLocation() method is used to access the device location. This method returns the

best most recent position currently available.

S
®

. . Figure 4.6: Home page (secondary
Figure 4.5: Home page (primary users) users)

4.3.2 Android Application for Secondary Users
4.3.2.1 View request location

Health centre staff can view the requests made for a first aid kit and view these
requests on the map. The requests, when made by injured users, is entered into the database.
Thus, when health centre personnel choose to view request locations, they are retrieved from

the Real-time database and then displayed on the map using the Google maps API. This
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visual representation enables quick decisions to be made and view the closest and furthest

request locations.

4.3.2.2 Set waypoints and start flight

A waypoint mission is a series of pre-defined places (waypoints) the aircraft will fly.
Waypoint mission can be used to automate the flight control of the DJI Phantom 4 drone.
The health centre staff can select request locations they would like to send the first aid
equipped drone. The location coordinates are then passed into the Waypoint Mission
component of the DJI Mobile SDK. The health centre personnel can then click on a button
to start the mission. The start of the mission is implemented by using the startMission()
methods and ended using the stopMission() method. Figure 4.7 shows the implementation

of these methods to enable the automated flight control process [11].

private void startWaypointMission(){
getWaypointMissionOperator().startMission(new CommonCallbacks.CompletionCallback() {
public void onResult 1
setResultToToast("Mission Start: " + (error == null ? "Successfully" : error.getDescription()));
}
)
}
private n(){
getlaypointMissionOperator().stopMission(new CommonCallbacks.CompletionCallback() {
public void onResult {
setResultToToast("Mission Stop: " + (error == null ? "Successfully" : error.getDescription()));

Figure 4.7: An implementation of the Waypoint Mission component of the SDK

4.3.2.3 Create Reports

This feature allows the Health centre personnel to draw statistical analysis on some

data received from the primary users. The android Graph view plotting library is
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implemented in this feature to create pie charts and line graphs to generate reports containing
information such as the occurrence of injuries and the locations of requests. The Graph View
library is an open source graph plotting library used to create flexible and beautiful diagrams
[12] programmatically. Information from these reports can inform decisions for health talks

organized by the department and other choices.

4.3.3 Google Firebase Realtime Database

¥ Firebase Verifly v Gotodocs M &

A Project Overview 0 Database b Realtime Database ~ ;; Try Cloud Firestore

The next generation of the Realtime
Database with more powerful queries
and automatic scaling. Learn more [4

]

Develop Data  Rules Backups  Usage

=% Authentication

Database m
Storage

1 // These rules grant access to a node matching the authenticated

Hosting X
2 // user's ID from the Firebase auth token
Functions 3+ |{
) 4~ ‘rules”: {
ML Kit 5+ “users”: {
"Suid": {
7 “.read": "Suid === auth.uid",
Quality 8 “.write": "Suid === auth.uid’
)
10 )
1 )

Analytics E }

.| Dashboard

Figure 4.8: Database rules

The Real-time Database is a NoSQL database. Instead of common HTTP requests,
the Firebase Real-time Database uses data synchronization—every time data changes, any
connected device receives that update within milliseconds. Provide collaborative and
immersive experiences without thinking about the networking code. The Firebase Real-time
Database can be accessed directly without the need for an application server from a mobile
device or web browser. Firebase Real-time Database Security Rules are expression-based

rules executed when data is read or written to ensure security and data validation. Figure 4.8
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shows that the database rules have been set to allow only authenticated users to read and

write data to the Firebase Real-time Database and Cloud Storage.

4.3.4 Authentication

Firebase Authentication is a product of Google Firebase that contributes to ensuring
security on the mobile application. Firebase authentication ensures secure sign in for users.
Google, Facebook, and Twitter are some sign-in providers that enable authentication. Figure
4.9 shows that the email and password sign-in provider is enabled and implemented for this
project. Firebase authentication also provides settings to restrict multiple account creations;
thus one account per email address. Firebase also allows email templates, an example shown

in Figure 4.10, created for sending notifications for password resets and email verification.

¥ Firebase Verifly ~

A Project Overview o3 Authentication

Pevelon Users Sign-in method Templates Usage

Authentication

Database Sign-in providers

Storage

Provider Status
Hosting
Email/Password Enabled
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ML Kit & Phone Disabled
G coogle Disabled
[ e Disabled
Analytics @ Game Center Disabled
Dashboard n Carehan Disabled
Events
Conversions W Twitte e led
Audiences O
GitH Disabled
Funnels
User Properties 0 ahoo Disabled
Latest Release o]
mm Microsoft Disabled
Retention
StreamView & Anonymous Disabled

Figure 4.9: Screenshot of authentication providers
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Figure 4.10: Screenshot of e-mail template
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Chapter 5: Testing and Results

To test the system and its level of satisfying the functional requirements of the
system. It was decided that the test should be done according to the key features that were

identified. Thus, the system was tested in parts according to the functional requirements.

5.1 User registration testing

Valid inputs Result

All fields are filled with valid input Notification of successful registration and
redirection to home page

Invalid input Result

No input for any field Alert of invalid input and redirection to
registration page as displayed in Figure 5.1

Figure 5.1: Alert on invalid input

The functions in Figure 5.2 is run to check the validity of the inputs a user enters
into each field. The User class is also shown in Figure 5.3 below. The entry into the database

and authentication is depicted in Figure 5.4 and 5.5 below.

41



userLogin() {
String userEmail = .getText().toString()
String userPassword = .getText().toString()

(TextUtils.isEmpty(userEmail)){
Toast.makeText (getApplicationContext()

(!Patterns. .matcher(userEmail) .matches()) {
Toast.makeText (getApplicationContext()

(TextUtils.isEmpty(userPassword)){
Toast.makeText(getApplicationContext()

(userPassword. length()< 6){
Toast.makeText (getApplicationContext() . ) .show()

Figure 5.2: Validation code

String

() {

(String name, String email, String allergy_answer,String allergy,String medical_condition_answer

ftring medical_condition) {
= name
= email

= allergy_answer
= allergy
= medical_condition_answer
= medical_condition

Figure 5.3: User class
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Figure 5.4: User object entry into the database
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Figure 5.5: Authentication details to enable log in in the future

43



5.2 Interaction with server for user authentication testing

Valid input

Result

User details does not exist in the database

User details are entered into the database

Invalid input

Result

An alert is given to the user notifying them
on the problem, i.e. account already exists

Redirection to the home page to start
registration process

.signInWithEmailAndPassword(userEmail, userPassword)
.addOnCompleteListener( MainActivity.
(task.isSuccessful()) {
FirebaseUser user =
user !=
= user.getUid()
t = Intent(

ty(mIntent)
}

) .addOnFailureListener(

.getCurrentUser()

MainActivity. Welcome.

)
)

(e FirebaseAuthInvalidCredentialsException) {

Toast.makeText(getApplicationContext()
} (e

String errorCode =

FirebaseAuthInvalidUserException) {

((FirebaseAuthInvalidUserException) e).getErrorCode()

(errorCode.equals(

Toast.makeText (getApplicationContext()
} (errorCode.equals(

Toast.makeText(getApplicationContext()

}

Toast.makeText(getApplicationContext()

}

)) {

e.getLocalizedMessage()

)N {

Toast.

Figure 5.6: Code for authentication

5.3 Request for First aid kit testing

The request for first aid kit function first checks to see if location permissions have

been enabled by the user. If they have not an alert is given to the user to enable location

access by the application. Thus, a user who has not enabled location access for the

application will not be able to request for a first aid kit. The code to get the device location

is depicted in Figure 5.7. Figure 5.8 shows a marker illustrating the location of the emulator

device.
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LocationServices.getFusedLocationProviderClient(
(ActivityCompat.checkSelfPermission(

Request. android.Manifest.permission.
!= PackageManager

&& ActivityCompat.checkSelfPermission( Request.
android.Manifest.permission. ) != PackageManager
ActivityCompat.requestPermissions( tring[]l{android.Manifest.permission.
)

) {
}

fetchLastLocation()

fetchLastLocation() {
(checkSelfPermission(Manifest.permission. ) != PackageManager.
checkSelfPermission(Manifest.permission. ) != PackageManager
TODO: Consider cal

}
Task<Location> task = .getLastLocation()
task.addOnSuccessListener(

(location != ) {

= location

SupportMapFragment supportMapFragment = (SupportMapFragment) getSupportFragmentMa
indFragmentById(R. id. )}
supportMapFragment.getMapAsync (
{

Request. )

Toast.makeText( Request.

Figure 5.7: Code to fetch user location
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Figure 5.8: Display of emulator location coordinates

5.4 Transmission of location information testing

The GPS location coordinates of the device used to request is obtained and is used
to create a Location object which is then inserted into the database. The location object
consists of the primary user’s id, and double values for the longitude and latitude values. As
such if the information received from the request is not valid, the user will be redirected to
the home page and will not have a successful redirection to the map page and finally to the

injury selection page. The details of the Location class is depicted in Figure 5.9 below.

@IgnoreExtraProperties
Loc {

String
Double
Double

() {

Loc(String userID,Double lat, Double longl) {
. = userlID

= longl
= lat

Figure 5.9: Location class

5.5 Learn first aid testing

The valid input needed to start the learn first aid process is a button click. If the user
does not click on the specified button the function will not be started. On a successful button
click, the user is redirected to a page with a list of common injuries that he or she can learn
the first aid care guidelines for the respective injury types. This is only valid if the user has
successfully logged into the application. The code and results for this feature is displayed in

Figure 5.10 and 5.11 respectively.
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onCreate(Bundle savedInstanceState) {
.onCreate(savedInstanceState)
setContentView(R. layout. )
= findViewById(R.id.
findviewById(R.id.

Intent mIntent = getIntent()
= mIntent.getStringExtra(
= findViewById(R. id.
.setText( )
= findViewById(R. id. )
.setOnClickListener( change() )
= FirebaseDatabase.getInstance().getReference()
.child( ) .addListenerForSingleValueEvent( ValueEventListener() {
@0verride

onDataChange(@onNull DataSnapshot dataSnapshot) {

(dataSnapshot.hasChild( )&& dataSnapshot.hasChild( )
.setText(dataSnapshot.child( ) .getValue().toString())
.setText(dataSnapshot.child( ) .getValue().toString())

}

@0verride
onCancelled(@onNull DatabaseError databaseError) {

Figure 5.10: Code to display lessons
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Figure 5.11: First aid lessons display

5.6 Take quizzes to test knowledge testing

A button click is the needed valid input to start the quiz to test a user’s knowledge
on first aid. If the user does not click on the specified button the function will not be started.
On a successful button click, the user is redirected to an activity that starts the quiz process.
This is only valid if the user has successfully logged into the application. The user’s score
is taken with the user id and is inserted into the scores table in the database. Figures 5.12

and 5.13 show the code and display for the quiz feature.
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setOnClickListener( View.OnClickListener() {
rride
onClick(view v) {
( .getText().toString().equals( onl.getAnswer()))

.setBackgroundColor(Color.
Handler handler = Handler(
handler.postDelayed( Runnable() {
@0verride
run() {
++
.setBackgroundColor(Color.parseColor(
updateQuestion()

)
{
Toast.makeText(getApplicationContext()
= 4
.setBackgroundColor(Color. )

.getText().toString().equals(qu onl.getAnswer())){
.setBackgroundColor(Color. )

( .getText().toString().equals(guestionl.getAnswer())){
.setBackgroundColor(Color. )

(op4.getText().toString().equals( onl.getAnswer())){
.setBackgroundColor(Color. )
3
's

Handler handler = Handler(
handler.postDelayed( Runnable() {
@ rride
run() {
.setBackgroundColor(Color.parseColor(

. setBackgroundColor(Color.parseColor(
.setBackgroundColor(Color.parseColor(
.setBackgroundColor(Color.parseColor(

updateQuestion() ;|

)

Figure 5.12: Code to check selected option
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5.7 View requests location testing

The administrator has to log in first for their details to be validated and authenticated
before they can access the view a request’s location. In order for the map to be displayed
showing the locations of requests the administrator has to click on the view button to start
the function. The function then allows the authenticated user to retrieve details from the
location table in the database and then display them on the map. The map display is done

through a function depicted in Figure 5.14 below.

@Override
onMapReady (GoogleMap googleMap) {
LatLng latLng = LatLng( .getLatitude() .getLongitude())

MarkerOptions markerOptions = MarkerOptions().position(latLng).title( )
goog leMap.animateCamera(CameraUpdateFactory.newLatLng(latLng))

goog leMap.addMarker(markerOptions)

Loc mLoc = Loc( .getUid() .getLatitude() .getLongitude())
DatabaseReference newRef = .child( ) .push()

newRef.setValue(mLoc)

.postDelayed(
Intent intent = Intent( Request. Injuries.
startActivity(intent)

)

@Override
onRequestPermissionsResult( requestCode, String[] permissions [1 grantResult) {
(requestCode) {

(grantResult. > 0 & grantResult[@] == PackageManager. ) {
fetchLastLocation()

{
Toast.makeText ( Request. ) .show()

Figure 5.14: Function to display location on the map

5.8 Drone flight to location testing

For this component of the system to be implemented, the administrator has to first
of successfully view request locations thus ensuring that the location coordinates in the
database have been accessed. Once the user has been able to view requests’ locations then

he or she can click on the start flight button, which will send the location coordinates of the
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first request to the drone to start the automatic flight control process. After the flight has

been started the database entry is removed and inserted into an archives table.

case R.id.btn_take_off:
if (mFlightController != null){
mFlightController.startTakeoff(
new CommonCallbacks.CompletionCallback() {

Jverride

public void onResult(DJIError djiError) {
if (djiError != null) {
showToast(djiError.getDescription());
Y} else {
showToast("Take off Success");
¥
}
}
):
}
break;

case R.id.btn_land:
if (mFlightController != null){

mFlightController.startLanding(
new CommonCallbacks.CompletionCallback() {
Override
public void onResult(DJIError djiError) {
if (djiError != null) {
showToast(djiError.getDescription());
} else {
showToast("Start Landing");
}

Figure 5.15: Code to control take-off and landing [15]
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5.9 First aid kit and procedure display testing

Once the request for a first aid kit has gone through and the user has been
successfully alerted that a drone is on the way. The user can then select the applicable injury
for his or her current situation, an example is shown in Figure 5.16 below. When this is done
a pictorial description of the kit together with guidelines for administering first aid care is
displayed. If the user does not start the request process, they will not be able to view the kit
and guidelines. The guidelines are depicted as shown in Figures 5.17 and 5.18, the code is

found in Figure 5.19.

¥4 B100%

Type of Injury

Nose bleeds

Sprains

Figure 5.16: List of injuries
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Figure 5.17: Guidelines for nosebleeds Figure 5.18: Guidelines for cuts
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@0verride
onCreate(Bundle savedInstanceState) {
.onCreate(savedInstanceState)
setContentView(R. layout. )

= findViewById(R.id.

=findViewById(R.id. )

.setImageResource(R.drawable.
= findViewById(R.id. )
.setOnClickListener( change()

Intent mIntent = getIntent()
= mIntent.getStringExtra( )
= FirebaseDatabase.getInstance().getReference()
.child( ) .addListenerForSingleValueEvent ( ValueEventListener() {
@0verride
onDataChange(@onNull DataSnapshot dataSnapshot) {
(dataSnapshot.hasChild( A
.setText(dataSnapshot.child( ) .getValue().toString())

|

@0verride

onCancelled(@onNull DatabaseError databaseError) {

Figure 5.19: Code for fetching guidelines from the database

5.10 Sending drone back to home location testing

When the user is done administering first aid care he or she attaches the kit to the
drone and clicks on a finished button. The finished button starts a return flight to the health
centre by calling the return to home function. If the user does not click on the button the
drone will not return to the health centre. In order to test this, feature the simulator for the
DJI Phantom 4 drone, DJI Assistant 2 for Phantom, was used. The drone has to be connected

to the simulator with a USB.
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00 DJI Assistant 2 For Phantom

&lJr AssISTANT

Settings Login ¥ English ~

return

@ VERSION: V2.0.6

Figure 5.14: DJI Assistant 2 for Phantom

case R.id.btn_take_off:
if (mFlightController != null){
mFlightController.startTakeoff(
new CommonCallbacks.CompletionCallback() {
@Override
public void onResult(DJIError djiError) {
if (djiError != null) {
showToast(djiError.getDescription());
} else {
showToast("Take off Success");
}

);
¥

break;

case R.id.btn_land:
if (mFlightController != null){

mFlightController.startLanding(
new CommonCallbacks.CompletionCallback() {
@Override
public void onResult(DJIError djiError) {
if (djiError != null) {
showToast(djiError.getDescription());
} else {
showToast("Start Landing");

Iy

}

break;

Figure 5.15: Code to control take-off and landing
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5.11 User reports testing

An authenticated administrator has the options to create user reports pertaining to
the system. The option to create reports is displayed on the home page where the function
is enabled by a button click. If the administrator has not been authenticated, he or she cannot

create user reports.
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Chapter 6: Conclusion and Recommendations

6.1 Conclusion

This project sought to develop a more efficient means of administering emergency
care to people who get injured on the Ashesi University campus. To build an efficient
system, the requirements elicitation process showed that the system should enable users get
a first aid kit quickly. Thus, the user waiting time will be reduced. To do this a system —
Verifly, was implemented. This system allows injured users to request for a first aid kit
through a mobile application rather than walking to the health centre with whatever injury

they have. The first aid kit is attached to a drone and then sent to the request location.

The relevance of this project can be measured by measuring the time duration spent
getting emergency care through the traditional methods and using the Verifly system. This
test will show the efficiency of the system in reducing the user’s wait time in getting first

aid.

6.2 Limitation

Since the system is dependent on the interaction between the mobile application,
database and the drone. As such in the case where the Health centre staff have their phones
switched off, they will not be able to start the flight of the drone to the user’s location. Also,
the mobile application only caters for Android smartphone users and as such does not cater
to 10S and Windows smartphone users. Another limitation of the system is its dependence
on network connectivity as such, the user must always be connected to the internet to be

able to use the system effectively [13].

Due to time constraints as well, there were some limitations to the testing process.
As such there was no provision for user testing and acceptance testing to be able to get
feedback from the members of the community, to make changes to the system in order to

make it much more efficient. Also, since the drone did not belong to me, I could not get to
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test the automated flight control feature to ensure that it worked perfectly or figure out any

flaws in that feature. The drone is also needs to be connected to the laptop with a Universal

Serial Bus (USB) in order to be tested using the simulator, which was also not possible

because of the unavailability of the drone.

6.3 Recommendation

This section discusses some improvements that can be made on the system to further

increase efficiency.

Addition of tracking features. Currently on the system, users who request for the
first aid drone cannot know exactly where the drone is at any moment till it gets to
their location. Users are only notified of the fact that the drone is on its way to them.
To combeat this feeling of uncertainty, a tracking feature can be implemented to allow
users graphically track the movement of the drone to their location. Such a feature
could probably be implemented using the Google Maps API to display both the
user’s location and that of the drone and showing the amount of time left for arrival
and showing the path the drone must travel to get to the user.

Set location. When an injured user requests for a first aid kit, a function is run to get
the user’s location and then displayed on a map. There could be situations where the
user’s location coordinates may not be entirely accurate. Some locations may also
have architectural features that may limit the drone’s access to the user. An
additional feature could be implemented to allow the user to move the marker that
is shown on the map to their exact location if they think there has been an error.
Thus, when the marker is moved, the new coordinates is what is picked and sent into
the database. This will improve the accuracy level of deliveries and make the system
more efficient.

Automate start of drone flight. The administrator who is part of the staff at the health

centre initiates the start of the drone’s flight by signing into the application and then
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clicks on a button to start the process for initiating the start of flight. Thus, an
administrator is given alert notifications when a request comes into the system so he
or she can start the drone’s flight process. This means that in a situation where the
administrator’s phone is switched off or has low network connectivity, there will be
no communication to start the flight process of the drone. As such a feature should
be implemented that will automatically start the drone’s flight process as soon as the
request is entered into the database.

Videos demonstrating first aid care should be incorporated into the application to
ensure that users of the application are able to follow meticulously in order to ensure
that the right processes are employed. Another check could be an added in person
check-up, where the health centre personnel follows after the drone to the injured

user’s location to ensure that they have been treated properly.
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Appendix

®

ASHESI
ASHESI UNIVERSITY DRONE POLICY

The purpose of this drone policy is to define the requirements and guidelines for the use of
drones on property owned or controlled by Ashesi University. This policy seeks to clearly
define rules to be followed by persons who wish to use drones on the Ashesi University

campus so as to ensure public safety, privacy and security is respected.

DEFINITIONS

Drone: an aircraft that has no direct human intervention from within the aircraft to control

flight. The aircraft is rather controlled from a remote station by an operator.
Operator: a person responsible for controlling the flight of a drone.

Restricted areas: these are areas on the Ashesi University campus that has been identified

as off limits to the use of drones due to security or privacy measures.

Visual Line of Sight: the operator of the drone must be able to clearly see the drone while

in flight and as such guide its path to avoid collisions.
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SCOPE

This policy is applicable to Ashesi University students, Ashesi University staff and faculty

and visitors to the campus and the use of drones on the campus premises.

RESPONSIBILITIES

As an operator of a drone on the Ashesi University campus you are responsible for:

I.  Requesting permission from the appropriate University authorities before operating
a drone on the university campus. All requests for research purposes should be
accompanied with a project description to the CSIS department coordinator in
order to obtain permission and access to the university’s owned drones.

II.  Inexperienced people who wish to operate a drone on campus should do so under

the guidance or supervision of someone with some experience.

II.  Visual line of sight must be maintained with drones at all times.
IV. Do not fly drones higher than 400 feet vertically.

V. Drones may not fly within a 30-meter (98 feet) radius of buildings or vehicles

without prior express permission.

VI.  Operating drones during campus events or where crowds are gathered is not
prohibited but permission must be sought from the people to be recorded and the
event organizers.

VII.  Drones may not be operated in restricted areas such as washroom facilities on the
campus and hostel facilities where members of the community will have a
reasonable expectation of privacy is met.

VIII.  The use of Ashesi University owned drones for recreational purposes is prohibited.

However personal drones can be used once permission has been granted.
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