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Introduction Methods and Materials Results
Unmanned Aerial Vehicles (UAVs), more commonly known as 

drones, are a relatively new technology. Commercially, they are most 
commonly known to be manually operated and used for tasks such 
as taking aerial photos. One of  the most prevalent topics of  interest 
for UAVs is the automation of  a group of  UAVs, which is referred 
to as a UAV swarm. UAV swarms can be utilized for tasks such as 
surveillance, surveying, inspection, entertainment, and delivery (Wei, 
Blake, & Madey, 2013). In order for swarms to perform a specific 
task autonomously and efficiently, algorithms must be fed to the 
drones. For example, if  a UAV swarm is being used to survey the 
species diversity of  a forest, algorithms can be written so that the 
drones coordinate patterns of  movement which move quicker, 
provide a thorough inspection, and accurately identify different 
species (Strimbu & Brust, 2015).

Engineering a simulation application will permit users to model 
the flight of  a UAV swarm without having to put the drones at risk. 
Different aspects of  UAV swarms that require algorithms to 
maintain safe, autonomous movement for the drones include 
networking, close-range repulsion, and flocking; simulations are 
integral to developing and using these autonomous flight control 
algorithms. The purpose of  the simulation being developed in this 
project is to allow users to test and develop swarm algorithms by 
providing them with instantaneous metrics such as time and 
position. After asking users to rate their satisfaction on a scale of  1 
to 10, a one-sample t-test was planned to see if  the population mean 
of  users would be greater than or equal to 7.

sequence diagrams, and activity diagrams. The main diagrams that 
were used during this project were class and sequence diagrams.

Class diagrams show the methods and relationships of  each class 
in the program while sequence diagrams plan out different scenarios 
and sequentially show which methods are used. 

After planning using UML modelling, the coding IDE IntelliJ was 
used to code everything that was planned in the coding language of  
Java. While coding, the structural pattern known as MVC (Model 
View Controller) was followed. The reason MVC was used is 
because with MVC, coders can keep their view, which is shown to 
users, separate from the rest of  the coding and each component is 
independent of  each other. This way, an error in one component 
will not affect the others.

The method of  data display was through a CSV(comma-
separated values) file. After the simulator generates a CSV file for 
each drone in the UAV swarm, users can view a table of  values 
similar to Table 1 in Microsoft Excel.

After the simulator creates the CSV files, users can then use 
gnuplot to show the path of  the drones as shown in Figure 1. 

Because the coding had taken longer than predicted, there was an 
insufficient amount of  time and no analysis was able to be 
conducted.

Methods and Materials
There are many different approaches to developing a simulation 

and they can have many different features. For the simulation that 
was developed, the minimum features that were included were 
position, velocity, and acceleration of  the drones. These are essential 
for users to run their simulation.

Before coding the simulator, UML (Unified Modelling Language) 
modelling was used to plan out the structuring and components of  
the coding. UML is designed to show a variety of  components of  
the coding structure and includes diagrams such as class diagrams, 

Table 1 (right): Displays 
the values that are 
outputted by the 
simulator. After the 
simulator is run, a CSV 
file is created for each 
UAV in the swarm and 
users can open up the 
CSV file in Microsoft 
Excel.

Figure 1 (above): Using gnuplot, users can pull and plot data using the values 
from the CSV files created by the simulator. In the graph, the swarm moves in 2 
separate phases of  movement.

Conclusions
The coding of  the simulation was successfully completed. With 

the simulator, users can model a path for a UAV swarm with 
multiple phases of  movement and obstacle crash detection.

Unfortunately, there was not enough time to test the accuracy or 
the user friendliness of  the simulator. In an ideal situation, the 
verification process of  the simulation would mainly focus on the 
accuracy of  the simulation’s ability to model a physical UAV swarm. 
However, due to the lack of  resources and budget, these tests were 
not conducted. The next focus of  analysis would be user 
satisfaction. To test user satisfaction, a one-sample t-test would be 
conducted to determine whether the population mean of  user 
satisfaction on a scale of  1 to 10 was greater than or equal to a value 
of  7. This testing could be the focus of  future research. 

In addition to verifying the simulator, features other than 
position, velocity and acceleration could be added in the future. For 
example, the simulator can calculate rotational position, battery life, 
thrust, proximity, and connectivity of  the swarm. The user interface 
can also be improved with a more convenient method of  display or 
a detailed animation displaying the swarm with real-time movement 
and video game graphics.
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Drone 0 0 0 0 0 4 1 1 2 10 10 no

Drone 0 1 5 8 8 6 17 17 2 22 22 no

Drone 0 2 17 46 46 8 45 45 2 34 34 no

Drone 0 3 38 148 148 10 85 85 2 46 46 no
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