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Abstract

This report details the development and implementation of an automated drone-based surveillance system for
use at the AstaZero testing facility for autonomous vehicles. The system visually detects objects present at the
test location and compares their position to the positions given by ATOS. If a deviation is deemed to indicate a
hazardous situation, the system sends a signal to warn the test supervisor of the hazard. To bring this system
into action, an Android application was developed to strategically position the drone over the test area, ensuring
comprehensive monitoring and the ability to capture all test objects within its field of view. The captured footage
is then transmitted to a computer for object detection, using a custom-trained YOLOv8 model. To enable the
computer to communicate with ATOS in order to retrieve test specifications and send warnings, a communication
application was also developed. Further specification and research into the classification of hazardous situations
is required to get a system that accurately achieves the goal of an automated system.

Keywords: Object Detection, App Development, Drone, UAV, Autonomous Vehicle Testing, Surveillance, Test
Safety, ROS2, ATOS, AstaZero, YOLO
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Sammanfattning

Denna rapport beskriver utvecklingen och implementeringen av ett automatiskt drönarbaserat övervakningssys-
tem för användning p̊a AstaZeros testomr̊ade för självkörande fordon. Systemet upptäcker visuellt objekt
närvarande vid testomr̊adet och jämför deras positioner med positioner tillhandah̊alna av ATOS. Om en avvikelse
bedöms indikera en farlig situation, skickar systemet en signal för att varna testledaren om faran. För att bygga
detta system har en Android applikation utvecklats för att strategiskt positionera drönaren över testomr̊adet,
säkerställa en övergripande övervakning och förmåga att f̊anga alla testobjekt inom sitt synfält. Det filmade
materialet sänds vidare till en dator för objektdetektering som använder en egentränad YOLOv8-modell. För att
möjliggöra kommunikation mellan datorn och ATOS för att hämta testspecifika detaljer och skicka kommandon
utvecklades även en kommunikationsmjukvara. Vidare forskning och specifiering av farliga situationer krävs för
att uppn̊a målet med ett träffsäkert autonomnt system.
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Abbreviations

The following abbreviations are used throughout the report:

AI Arti�cial Intelligence
API Application Programming Interface
ATOS Autonomous Vehicle Test Operating System
DJI Da Jing Innovations
FOV Field Of View
GUI Graphical User Interface
IDE Integrated Development Environment
PSU Pennsylvania State University
SDK Software Development Kit
RISE Research Institutes of Sweden
ROS2 Robot Operating System 2
YOLO You Only Look Once
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Chapter 1

Introduction

Advanced automated driving, driver-assistance, and active safety systems for road vehicles are �elds in which
development and innovation are advancing rapidly. This paves the way for new combinations of safety systems,
making road tra�c more automated and safer both inside and around vehicles [1]. The automation of vehicles
is highly dependent on active safety systems that process data from the vehicles themselves as well as interpret
their surroundings by utilizing sensors [2]. Developing these sensors and systems requires developers to be in
a safe environment where various settings and tra�c situations can be reconstructed without posing risks to
tra�c and civilians. Since non-�nished systems carry the potential for accidents, scenario reconstruction is often
conducted in controlled tests at test tracks. The aim of this study is to increase the safety of these tests by
providing an active monitoring system. AstaZero provide a test track where such tests can be conducted in a
controlled environment.

In the scope of this project, a drone surveillance platform was developed to enhance safety in autonomous vehicle
testing through the automatic detection of hazardous situations. The system is designed to detect unauthorized
personnel and vehicles in close proximity to the test area and evaluate whether the test is being executed according
to test speci�cations.

Currently, these tests are supervised by the test drivers themselves, who are often inside the vehicle conducting
the test. This requires them to simultaneously monitor the test site, the vehicle, and the test's progress all at the
same time. By utilizing the drone platform, the workload of the test driver can be reduced. The drone processes
real-time information from its camera and alerts the test driver if a hazard is detected, such as the presence of
more or fewer objects or pedestrians inside the test area.

1.1 Project background
This report is part of a collaboration between students at Chalmers and Pennsylvania State University, PSU.
The PSU students developed the object detection model used in this project. The model is trained on data
gathered from both teams, however, the training and development of the object detection model are solely the
contributions of the PSU team. The computer vision model's development and results are included in the report
because the �nal product, presented alongside this report, integrates the model as a key component. As a result,
some information about the model may not be as detailed as that for other functionalities.
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1.2 About AstaZero
AstaZero is a corporation owned by the Research Institutes of Sweden (RISE). Since 2012, they have operated
and developed the world's �rst full-scale independent test environment facility outside of Gothenburg for testing,
verifying, and certifying advanced automation and safety systems in road vehicles [3]. The test site consists of
multiple kinds of roads and road networks [4] which result in a unique environment that supports the creation
of any tra�c scenario to test or verify vehicles' active safety solution [5].

1.3 Contributions
The objective of this project was to develop a software solution that works by utilizing aerial surveillance to
supervise automated vehicle tests and detect possibly hazardous situations. A list of all the initial goals or
requirements and desires set upon the product can be found in appendix A.

The result of the developed system is two software applications: an Android application and a Python computer
program. The Android application can control the drone and allows it to 
y autonomously to predetermined
coordinates. The app then receives and displays the video feed from the drone's camera. The Python software can
receive video from the Android application, connect to AstaZero's software controlling the autonomous vehicles,
and run real-time object detection to accurately detect vehicles and pedestrians.

1.4 Demarcations
As this is a bachelor thesis project the outline and goal were predetermined before it was initiated by the group
that carried out said project. This outline and goal together with other limiting factors such as time and �nance
excluded the group from a set of potential solutions and tools which could be interesting to explore in similar
projects. Below follows some limitations that have had an e�ect on the choices and results throughout the project,
and the motivation behind these decisions.

ˆ The utilization of a drone to perform the test area monitoring was a requirement set by AstaZero. As such,
there is no investigation of other methods to monitor the test track such as with �xed cameras or cameras
and sensors mounted on the test vehicles.

ˆ There was no hardware development during the project, only software was developed. This means that
the object detection software was developed to work on a live video feed from a drone, speci�cally a DJI
Mavic 2 Enterprise (see Section 2.2.4).

ˆ The functionality of the object detection software was limited to recognizing objects and vehicles relevant
to the AstaZero test site such as common vehicles, and pedestrians as the use of the software at other
locations is not relevant.

ˆ In this study, only a static drone is considered. This is due to time constraints in the project which did
not allow the exploration of a moving drone. This also limits the types of test that can be monitored to
those that �t inside the view of a static drone's camera.

ˆ The system can not operate in poor weather, such as rain or snow. This is due to limitations of the DJI
drone used in development.

ˆ This project was limited to two visits to the AstaZero test track. This is because of the test site being
fully operational and has many customers daily.

2



Chapter 2

Technical Background

This chapter is divided into two sections, "Related work" and "Hardware and software". Related work contains
a compilation of results gathered from previous projects in the same �eld of science. These results have been
a basis for the choices made throughout the project and also o�ered tools to evaluate the produced result. In
the "Hardware and software" chapter, all of the hardware and software used to accomplish the end result are
presented.

2.1 Related work
In this section, some related articles and conference papers are presented that builds a foundation for the computer
vision that was used in the project. Understanding the concept of computer vision and its applications is crucial,
as it is a central component of this system.

2.1.1 Object detection
Object detection is a computer vision task that deals with detecting visual objects of a certain class, for example,
cars, humans, or dogs, in digital images. The goal of object detection is to develop models and techniques that
provide the knowledge of the class and position in the image of any detected objects. In the past two decades
the progress of object detection has gone through two periods: the "traditional object detection period" (before
2014) and the "deep learning-based detection period" (after 2014) [6].

You Only Look Once or YOLO for short was introduced in 2016 as one of the new deep learning-based AI
architectures. Before YOLO, some approaches repurposed classi�ers to perform detection. These systems took
a classi�er for an object and evaluated it at various locations and scales in a test image [7]. Other approaches
used R-CNN [8] to �rst generate potential bounding boxes in an image and then run a classi�er on these boxes.
After the classi�cation is done, post-processing is used to re�ne the bounding boxes, eliminate duplicates, and
rescore the boxes based on other objects in the scene, and these pipelines are complex and slow. The creators
of YOLO reframed the problem of object detection as a single regression problem that went straight from image
pixels to bounding boxes and class probabilities. YOLO uses a single convolutional network to simultaneously
predict multiple bounding boxes and their respective class probabilities [7].

YOLO has a mean Average Precision (mAP) of 63.4% on the Pascal VOC dataset [9] at 45 frames per second
and YOLO was at the time of the release the fastest object detector on Pascal. With a mAP of 52.7% on Pascal,
it was more than twice as accurate as other real-time object detectors, also, it was faster with detections at 150
Frames per second [7]. In the latest YOLO-version, YOLOv8, the model gets a mAP of 86.54% on the same
dataset [10]. Because of its high product accuracy and frame rate, a small version of YOLO is often used for
object detection in edge devices [11], [12], [13], [14].

2.1.2 Performance metrics
The two most signi�cant metrics for object detection performance are accuracy and speed [6]. Speed refers to
the computational e�ectiveness of the object detection algorithm, and accuracy refers to how well it performs.
The most basic performance metrics in object detection are True Positive (TP), False Positive (FP), and False
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Negative (FN), where TP means a correct detection of a ground-truth object, FP means incorrect detection of
an object or misplaced detection of an object and FN means undetected ground-truth object. A common way to
establish what counts as a correct detection is to use Intersection Over Union (IOU). The IOU is the overlap of
the predicted bounding box BP and the ground-truth bounding box Bgt divided by the area of union between
them as seen in equation 2.1.

IOU =
area(Bp \ Bgt )
area(Bp [ Bgt )

(2.1)

By comparing the IOU with a con�dence threshold, we can decide on what counts as a correct detection. The
detection will be deemed correct if IOU � t and incorrect if IOU < t .
The TP, FP, and FN values can then be used to calculate precision (P) and recall (R) which are two concepts
that are often used when assessing object detection. They are calculated as seen in equation 2.2 and equation
2.3.

P =
T P

T P + F P
=

T P
DT

(2.2)

R =
T P

T P + F N
=

T P
GT

(2.3)

Where GT is the number of ground truths and DT is the number of detections.
The precision is the ability to only identify relevant objects and recall is the ability to �nd all relevant cases. A
low precision means that there were a lot of objects detected but only a small part of them is correct, a score of 1
means that all of the found objects are 100% correct and at the correct place. A low recall means that the model
found a small part of all of the actual objects and a recall of 1 means that all of the actual objects were identi�ed
and in the correct place. The precision/recall curve is a description of how di�erent values of the con�dence
threshold for the IOU a�ect the precision and recall. It is often a trade-o� between precision and recall. A high
con�dence threshold will in general yield a high precision but a low recall and a low con�dence threshold will
yield a low precision and a high recall. To measure the performance of a model we can use the area under the
precision/recall curve since we want a combination of a high precision and high recall. A large area under the
curve tends to indicate high precision and high recall [15].

The area under the curve can be calculated in two ways. The N-point interpolation method or the all-point
interpolation method. For the all point method equation 2.4 is used.

APall =
1

GT

X

R 2 R all

Pmax (R) (2.4)

where Pmax (R) = max R 0:R 0� R P(R0). The recall is discrete in the range [0,1] with an interval of 1
GT , therefore

Rall = f 1
GT ; 2

GT ; :::; T P
GT g. P (R0) is the precision at the interpolation point R0. R0 � R means that Pmax (R) is

the maximum precision among the interpolation point R and subsequent interpolation points [16]. The N-point
interpolation is very similar but uses N points. For example, AP11 uses 11 points and the equation can be seen
in equation 2.5.

AP11 =
1
11

X

R 2 R 11

Pmax (R) (2.5)

Where R11 = f 0; 1
10 ; 2

10 ; :::; 1g. The mean Average Precision (mAP) is used to measure the accuracy of object
detectors over all classes in a database [15]. This is calculated by taking the average AP over all classes, as can
be seen in equation 2.6.

mAP =
1
N

NX

i =1

AP i (2.6)

The F1 Score is a combination of the recall and the precision scores at di�erent threshold values. This score is
used to assess the overall performance of the model in regards to both P and R. It is calculated by taking their
harmonic mean, as can be seen in equation 2.7.

F 1 =
1

1
P + 1

R

(2.7)

2.2 Hardware and software
During this project, several already existing tools were used in the process of design and development. In this
section, the tools and software kits used in the project are presented. The information presented is an overview
of the di�erent tools and is not a description of how they were used in the project. These tools will be referenced
further on in the report.
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2.2.1 ROS
Robotics Operating System or ROS, is a set of software frameworks for developing software for robotics systems
[17]. It provides services such as hardware abstraction, low-level device control, message passing, and package
management. The types of communication that are used in ROS are synchronous communication over services,
asynchronous streaming of data over topics, and data storage in a Parameter server.

ROS2 is the new version of ROS which is continuously getting updated. ROS2 was made to support real time
programming, which was not a part of the �rst version of ROS [18]. It was also made to support a wider variety
of computing environments and more modern technology.

2.2.2 ATOS
Autonomous Vehicle Test Operating System (ATOS), is a software control center and coordinator for scenario-
based testing of autonomous vehicles in real-time developed by AstaZero [19]. ATOS is based on ROS2 and uses
ROS2 topics for data that is published continually, for example, the coordinates of the test objects, and ROS2
services for things that are more constant, like the coordinates of the test origin and the test states. The test
states in ATOS are the states that control the test objects, a basic chart over the most common test states is
presented in Figure 2.1. ATOS reads trajectories and controls self-driving vehicles participating in the test by
executing scenarios speci�ed in test �les. It uses GPS to assure precise and repeatable executions.

Figure 2.1: The ATOS test object states

ATOS is usually run together with Foxglove Studio commonly used as an interface for controlling the testing
rather than directly publishing and subscribing to ROS2-topics. From this page, the user can initialize, arm,
start, and abort an ATOS test as well as visualize where the test objects are currently positioned. The Foxglove
control page can be seen in Figure 2.2. In this image, the test has been initialized and the lines that are shown
on the lower middle and right window is the test object trajectories.
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Figure 2.2: The Foxglove interface

2.2.3 Android Studio and Android application development
There are several ways to develop Android applications. Google, the maintainer of Android, has created its own
integrated development environment, IDE, to develop native Android applications called Android Studio [20].
Native Android applications are written in the Java programming language. An advantage of using Android
Studio is that there are many third-party Software Development Kits (SDKs) that speed up the development
process and abstract low-level implementation details. Both the WebSockets communications package used in
the application and the DJI API are examples of such third-party SDKs.

2.2.4 Hardware
The drone used in this project was a DJI Mavic 2 Enterprise [21], as pictured in Figure 2.3. The drone comes
with a remote control that can be used to 
y it manually, but the drone can also 
y automatic pre-programmed
missions to user-speci�ed waypoints and perform custom actions on these. These pre-programmed operations
are in this report referred to as waypoint missions. The drone has an onboard camera mounted on a gimbal. It
is possible to connect the controller to a mobile phone via a USB cable. Through this connection, it is possible
to retrieve the output from the drone's built-in camera as well as send commands to the drone, such as the
aforementioned waypoint missions.

Figure 2.3: The DJI Mavic 2 Enterprise Drone with controller

The PSU team also had access to a drone, a DJI Mini 2 [22]. This drone could also record video and 
y
pre-programmed missions but is only partially compatible with the DJI API discussed in Section 2.2.8.
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2.2.5 WebSockets
WebSockets is a communications protocol that enables bidirectional communication [23]. This two-way commu-
nication enables both server and client to send requests to each other. In use cases where both server and client
want to initialize communication, this can make for lower overhead and reduced latency. Rather than having
the client regularly polling the server with requests to stay up to date on changes such as with unidirectional
communication, the server can send a request to the client when changes have occurred. Figure 2.4 illustrates
the di�erence between communication using HTTP and using WebSockets. Another advantage of WebSockets is
that it provides a high-level interface which makes it easy to implement data communication.

Figure 2.4: Comparison between communications with HTTP and WebSockets.

2.2.6 Sockets
A socket, also known as a BSD a POSIX socket, or a network socket when implemented over a network, is
a software mechanism for interprocess communication (IPC) [24] It establishes a communication channel and
provides endpoints for data to two separate processes, which can be written to and read from. Sockets are
low-level and generic and do not provide any higher-level functionality apart from direct data exchange. Widely
adapted by modern operating systems, sockets are the most used form of IPC today [25] and are used to implement
many communication protocols.

2.2.7 WebRTC
Short for Web Real-Time Communications, WebRTC is an open-source project designed to facilitate real-time,
text, video, and audio communication capabilities between web browsers and devices [26]. Using JavaScript
APIs, WebRTC can establish peer-to-peer communications across the Internet and mobile applications without
requiring additional plugins or software installations for text, audio, or video interactions. Since data transfer
occurs in real-time with WebRTC, engaging in audio and video communication directly from a webpage without
custom interfaces is possible [27].

2.2.8 DJI API
The DJI Application programming interface or API [28] is an API delivered by the drone manufacturer DJI. The
API works similarly to any other API with the purpose of giving a user control of functionalities without being
limited to existing applications and services. The API is delivered within a SDK designed for Android mobile
devices which is mentioned throughout the project.

The DJI API gives the user the opportunity to use speci�c abilities of the drone to accommodate their own
personal needs. The functionalities include functions and classes for drone control, states, and control for di�erent
accessories compatible with the drone. DJI o�ers a collection of guides for implementing and using the API in
di�erent areas which includes camera stream, waypointmissions, GUI:s, and a few more.
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Chapter 3

Method

Below follows the methodology of development to reach the objective described in the introduction, see 1, �rstly
for the system as a whole and thereafter for the separate sub-systems.

3.1 System overview
To achieve the objective the complete system was divided into four smaller sub-problems, illustrated as puzzle
pieces in Figure 3.1. The sub-problems were: ATOS communication, Android application, video streaming, and
object detection. These four parts form a comprehensive system, represented in Figure 3.2, where colored boxes
denote sub-systems and the gray boxes highlight signi�cant components of each sub-sysetm.

Figure 3.1: An overall system image

ˆ ATOS communication: The system as a whole revolves around supervising a test run by ATOS, see
Section 2.2.2. Extracting information from here is integral to supervising and giving correct responses
regarding the test scenario. The coordinates of the di�erent test objects need to be extracted from ATOS.
These coordinates are then integrated into the drone via the Android application as well as compared
with the result produced by the object detection software. ATOS is also responsible for controlling the
self-driving vehicles in the test �eld while running a test scenario.

ˆ Android application: The Android application serves as the control interface for the drone and a hub
for the drone component in the system. It manages parameters responsible for height, velocity, and camera
gimbaling as well as executes built-in commands in the drone, see Section 2.2.4. Using the test objects'
coordinates extracted from ATOS, an algorithm have been developed to guide the drone to the center of
the test objects and calculate the optimal height required to capture all the test objects within its �eld of
view (FOV).

ˆ Video Streaming: To apply the object detection algorithm, the live camera feed of the drone is transmit-
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ted to a computer using a live server. Since the drone is connected to the phone via its controller, the camera
feed is transmitted to the computer via the phone. This connection facilitates real-time transmission of
the drone's video feed to the computer for processing.

ˆ Object Detection: Object detection involves developing an algorithm trained on data related to various
test objects, such as vehicles, and pedestrians. This part of the system is crucial for real-time observing
the test environment and detecting potential hazardous situations by recognizing people and vehicles as
well as their positions.

The integration of these four components forms a complete system capable of conducting autonomous vehicle tests
e�ectively that prioritize safety. While interconnected, each part can be developed and optimized independently
to a certain limit until incorporated with each other to form a bigger system running in parallel with an ATOS
test scenario.

Figure 3.2: System goal divided according to methodology

3.2 ATOS and communication software
In order to compare the actual coordinates of test objects to the ones speci�ed in the test, a solution for fetching
the test coordinates was required. ATOS uses ROS2 2.2.1 for communication, this means that instead of trying
to communicate with some module in ATOS, information can instead be retrieved straight from the ROS2 topics
and services. To automate the Python API for ROS2, rclpy [29] is used to communicate with ROS2 in Python.
Rclpy is the Python client library for ROS2, enabling Python programs to communicate with ROS2 topics,
services, and actions. This is used in what is referred to as the communication software.

Since ATOS uses ROS2 for communication, it is important to �nd out what topics and services ATOS uses.
This way, the topics can be subscribed and published to and the services can be called. This means that the
communcation software can act like it is a part of ATOS. To �nd out to what ROS2 topics ATOS publishes,
the command line tool ROS2 was used. By starting ATOS and entering the command ros2 topic list -t , all
of the topics and their types is printed. This can be seen in Figure 3.3a. This was used in combination with
rostopic echo <topic_name> , which is a command that subscribes and prints all of the messages published to
that topic[30]. By doing this for several of the topics, the correct information sought could be found, and also
the type of message that it was sent with. The type of message is needed to be able to subscribe to topics in
code.

A similar approach was taken for �nding the relevant services. The command ros2 service list -t was
used to list all services and their types. To �nd out how the interface for the type looks like, the command
ros2 interface show <type_name> can be used. The interface is what input data is expected to be sent when
calling the service and the output that is returned from the service. In Figure 3.3b the interface for getting the
trajectories for the objects from ATOS is shown.

3.2.1 Getting coordinates and trajectories from ATOS
The GPS coordinates of each test object are published almost 100 times per second, this was realised by using
ros2 topic hz atos/object_<object id>/gnss_fix . To listen to the coordinates being published, the topic
gnss �x for each object has to be subscribed to. The full topics look like this: atos/object < object id> /gnss �x .
This requires the object IDs, so before the coordinates can be subscribed to, the IDs of all objects have to be
found. To get the object IDs, the service GetObjectIds has to be called. This service returns a list of all of the

9



(a) The list that shows up after entering ros2
topic list -t

(b) What shows up after entering ros2 interface
show atos interfaces/srv/GetObjectTrajectory

Figure 3.3: ROS2 output for fetching topics and trajectories

object IDs. When this has been acquired, the topics for all of the di�erent objects' coordinates can be subscribed
to. The subscription means that each time a message is published, the script gets a callback that catches the
message. To be able to access the coordinates from anywhere in the code, the callback function stores the new
coordinate in a global variable after it has required a lock that is used for reading and writing to the variable.
To see the subscription and callback functions, see appendix B.1.

To get the trajectories from ATOS, the service GetObjectTrajectory was used. When the interface was inspected,
it was found that it requires an object ID to return that object's Cartesian trajectory. If the IDs of all objects
haven't been fetched already, they will be retrieved �rst, and then all the trajectories of the di�erent test objects
will be obtained using the ROS2 service. Since these trajectories do not change during the test, fetching them
once is su�cient. They are saved in the Python script as lists containing the coordinates (longitude, latitude,
and altitude) for all points along each trajectory. The code for getting the trajectory for a test object can be
seen in appendix B.2.

3.2.2 Reading and changing the object control state of ATOS
The ATOS control states are shown in Figure 2.1 and just like the coordinates and trajectories, they can be
controlled and read using ROS2 services and topics. To �nd out how to change the ATOS state, the code behind
the Foxglove GUI mentioned in Section 2.2.2 was inspected. The code is open to the public and can be viewed
on RISE:s Github repo [31]. The buttons at the top of the page in Figure 2.2 are used to control the ATOS
control states. By inspecting the code behind these buttons it was found out that there was a separate ROS2
topic for each type of control state change command. For example the topic for initializing the test is atos/init .
These topics were expecting empty messages, which can be seen at the top of image 3.3a. This means that ATOS
reacted to receiving a message from a certain topic and reacted di�erently depending on which topic it was. This
was used in the Python script to control the states.

The way of getting the current test state was also found in the same script as the buttons. It is a service called
GetObjectControlState that is called to request the current state. It returns a number between 0 and 10 which
correspond to di�erent states. Rclpy contains a way of easily creating a timer that calls a function each time a
certain number of seconds has passed. This can be used to fetch the ATOS states continuously. This can be seen
in the code in appendix B.3.
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3.2.3 Drone positioning in 3D
Since the drone will hover at a �xed position as mentioned in Section 1.4, for the drone surveillance to work
su�ciently the drone needs to be positioned in a way that enables it to cover the majority of the test with
its camera. To solve this problem the following methods introduced in this chapter were used, with the �rst
calculation calculating at which altitude the drone needs to 
y at to cover a certain area. To determine this
altitude, a target area to cover was needed, AstaZero was consulted with the question, and the result was a
requirement of covering 500 m2 and a desire to cover 1000 m2 , this desire was later increased to 1500 m2 .

To calculate at which height the drone needs to 
y for the camera to cover a certain area, two methods were
proposed. The initial method was based on [32], which utilizes internal distances within the camera to determine
the area. The second method is produced within this project and should only be regarded as an estimation based
on trigonometry by a novice regarding vision and optics systems. However, this method has created results more
in line with the feedback gathered from the validation method that will be presented later and is thereby chosen
as the method used in this project. The calculations are presented below with an associated image of the model
which can be seen in Figure 3.4.

Figure 3.4: A visual model associated with the proposed height calculations.

The area to be covered by the drone is an input to the script, the input should be in the unit m 2 . As can be seen
in 3.1.

A = [input from user] (3.1)

The �eld of view (FOV) of the camera is a necessity in the calculations. For the drone used in this project, the
FOV is according to the DJI website 82 :6° [21]. The angle of the sought triangle in "LENS FOV" in Figure 3.4
is this angle divided with two, as equation 3.2 accordingly.

� =
82:6

2
° (3.2)

The aspect ratio tells one the relationship between the width and the length of an image. The displayed footage
from the drone is of 16:9 aspect ratio and the area of a rectangle is calculated by multiplying the width by the
length. With this information, the x to which the width and length need to be scaled to in order for it to cover
the previously entered area can be calculated. This x is calculated with the following equation 3.3.

x =

r
A

16 � 9
(3.3)

This rectangle has the same width as that of the sensor as can be seen in Figure3.4, however, the sensor has a
4:3 aspect ratio and its scalar y. This y is calculated by setting the width of the rectangles equal to each other
and then dividing both sides with 4. The resulting equation is equation 3.4.

y =
16 � x

4
(3.4)

The radius of the circle is then calculated with Pythagoras theorem where the hypotenuse is the radius, half of
the sensor width is the adjacent, and half of the sensor length is the opposite. Equation 3.5 is Pythagoras with
inserted values and the variable y.

radius =
p

((2 � y)2 + (1 :5 � y)2) (3.5)
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The radius, the height of the drone, and the diagonal distance from the drone to the point where the sensor FOV
intersects with the lens FOV in the image form another triangle. Where the hypotenuse is the aforementioned
diagonal distance, the opposite is the radius and the adjacent is the height. The height is then calculated with
the known angle � and the radius which returns the height in meters with the following equation 3.6.

height =
radius
tan( � )

(3.6)

The previous calculation is used to decide the altitude to 
y at in order to cover a test of a certain size, however, the
drone might not cover the test itself if it is positioned indi�erently in the latitudinal and longitudinal dimensions.

In each autonomous vehicle test run at the AstaZero test site, a test origin is generated, and all of the object
trajectories throughout the test are predetermined and relative to the test origin. The test origin is however
not the center or origin of the test, it is an arbitrary position in close proximity to the test which makes it a
rather poor positioning point for the drone. Instead, the idea behind the positioning was to position the drone
in the mean position with regards to the test objects' relative locations throughout the test. That way the
position of the drone will most often end up in the middle of the test and it will also be weighted to be closer
to positions where more objects are and where objects are for a longer duration. As previously mentioned all of
the test objects' positions are described in two dimensions relative to the test origin, so by gathering all of these
positions it is possible to calculate the arithmetic mean of positions in the two dimensions. The arithmetic mean
is calculated with the following equations, the mean in the x and y direction is calculated with equation 3.7 and
3.8 accordingly.

�x =
x1 + x2 + x3 + ::: + xn

n
(3.7)

�y =
y1 + y2 + y3 + ::: + yn

n
(3.8)

Where the y-axis is pointing straight north and the x-axis is pointing east. When iterating through all of the
coordinates in the trajectory list, the coordinates that are located the furthest away from the other could be
saved, in other words, [min x ; y], [max x ; y],[x; min y ] and [x; max y ] would be saved. By storing these values, a
calculation of in what of the two directions the test objects travel the furthest can be performed, this travel can be
used to calculate the test area that is used as an input into the height calculation. Because of the aforementioned
aspect ratio of the footage gathered from the drone the rotation of the drone is important as well, since the
aspect ratio allows for more visuals in the horizontal than the vertical direction. This makes this travel further
useful. By rotating the drone so it is perpendicular to the direction in which the test objects travel the furthest
the drone retrieves more useful visual data from the test.

All of these mentioned aspects and ideas are the ideas behind the positioning calculations incorporated in this
project, a visual representation of the idea can be seen below in Figures 3.5,3.6,3.7. In these three �gures, the
blue and orange boxes resemble two vehicles at di�erent timestamps throughout a test. The star resembles the
drone and the surrounding rectangle is the drone's camera's viewable area. The viewable area of the drone is in
the �gures �xed in contradiction to the real system that would utilize the endpoints of x and y-travel in order to
calculate the height and the resulting area. The code with which this is done can be found in appendix B.4.

Figure 3.5: Drone position at test
origin

Figure 3.6: Drone translation and
rotation for better position

Figure 3.7: Drone positioned in a
more favourable position

To validate the height, position, and orientation calculations, Google Earth has been used. Within Google Earth
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