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INTRODUCTION 

The rapid increasing of Unmanned Aerial Vehicles (UAVs), commonly known as drones, has transformed various 
industries, from surveillance and agriculture to logistics and entertainment. As drones continue to evolve and expand their 
role in our society, understanding their mechanisms and developing effective control strategies have become important.  

One of the UAV’s tasks that is often highlighted is the line following. There are many types of line following 
algorithms that are explained details in [1]–[3]. 

Commonly, a line following quadrotor is using multiple sensors to obtain input in order to gain information for the 
system to drive the quadrotor to desired position. These sensors included a camera, Inertial Measurement Units (IMU) 
and Global Positioning System GPS. These sensors will help the system to collect the data and provide necessary 
information for the system. This system required many sensors because GPS accuracy can be easily affected by the 
condition in the environment [4]. To overcome this problem, a vision-based system is researched and proposed. There 
are multiple applications that used quadrotor with a vision-based system such as power line inspection[5] and crop 
inspection [4]. A vision- based system requires image-processing capabilities to convert the image into usable data for the 
quadrotor and a controller that will help to stabilize the quadrotor in mid-air. With this combination, the quadrotor can 
move toward the destination by following the line. 

Considering the importance of drone in the real-world applications, it is cruicial for engineering students, especially 
in the field of electrical and electronics engineering, mechatronics engineering as well as mechanical and aerospace 
engineering to know and understand drones mechanism and the control strategies during their study. However, the real 
hardware has several limitations which are high cost, the risks during the flight operation, the limitated access, where 
only some students are able to work using the real hardware in a certain time, risk of damage, as well as the regulatory 
complince where only certified person can fly the drones.  

The primary objectives of this research are twofold. First, we seek to simulate and analyze the behavior of drones and 
employing control strategy. Second, we aim to evaluate the suitability of Webots, a powerful robot simulation 
environment, as a pivotal tool for advancing the understanding of drone mechanisms and control.  

ABSTRACT – Quadrotor Micro Aerial Vehicle (MAV) is one of the Unmanned Aerial Vehicle (UAV) 
which very versatile with their capabilities for specific purposes. Understanding and controlling 
MAV is important for various applications, from surveillance and delivery services to disaster 
response and entertainment. In engineering education, providing a hardware platform for 
understanding MAV mechanism and the controller design is very challenging in terms of cost and 
safety issue. This paper presents a study on drone mechanisms and controller design using 
Webots, a versatile robot simulation environment. The primary objectives of this research were to 
simulate and analyze the behavior of drones in a line following task, employing PID controller as 
the control strategies, and to evaluate the suitability of Webots as a simulation tool for drone-related 
teaching and learning as well as research. In the methodology section, the setup of the Webots-
based drone simulation, including the selection of a suitable drone model, sensor configurations, 
and the implementation of control algorithms will be explained. Line following task will be focused 
to analyze the drone mechanism and the controller design. Data on the drone performance will be 
collected through the experiment and will be analyzed rigorously. The findings reveal the 
effectiveness of Webots as a platform for simulating drone behavior. The advantages of using 
simulation tools like Webots, including cost-effectiveness, safety, and the ability to test and refine 
control algorithms before deployment on physical drones was proved in this study. It is shown that 
Webots can be leveraged to teach and train individuals in drone technology without the need for 
physical hardware.   
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Webots offers a compelling rationale for its inclusion in this study. Its versatility and capabilities in simulating robot 
and drone behavior make it an ideal choice for the study. By utilizing Webots, the gap between theoretical knowledge 
and practical application can be reduced. Additionally, Webots helps to increase the students’ understanding on drone 
behavior, fine-tune control algorithms, and assess the drone performance without the constraints and risks associated with 
real-world drone experimentation.  

The remainder of this paper unfolds as follows. In the subsequent sections, an in-depth examination of drone 
mechanisms and control, offering foundational insights into the technology will be provided. The mthodology will explain 
the setup and configuration of the Webots-based drone simulations. Following this, the presentation of the experimental 
result, key findings and the implications will be discussed in detail. The paper will be concluded with a discussion of the 
advantages and limitations of Webots as a simulation platform and the broader implications of the research.  

Through this comprehensive exploration, we aim to contribute to the expanding of drone technology, to give an 
effective way of teaching drone mechanisms and control while showcasing the invaluable role of simulation in advancing 
the understanding of this transformative technology.  

RELATED WORK 
The integration of robotic simulators in engineering education has gained increasing attention in recent years. This 

section reviews the key literature and related research in this field, highlighting the develoment and significance of 
robotics simulators in enhancing engineering education.  

 Simulations-Based Learning 
Simulation-based learning has been widely adopted in various educational domains to provide students with hands-

on experience and practical skills development. In the context of engineering education, simulators have become valuable 
tools for teaching complex concepts and enabling students to experiment with real-world scenarios in a safe and controlled 
environment. Researchers such as Joventino et.al [6] and Lammle et. al [7] have explored the effectiveness of simulation-
based learning approaches and have demonstrated their potential to improve student engagement and learning outcomes.  

  

Robotics Simulators in Engineering Education 
Robotic simulators are computer programs or platforms that replicate the behavior and functionality of physical robots. 

They provide students with a virtual environment where they can design, program, and test robotic systems without the 
need for expensive hardware. Recent research by Chiou et. al [8] and Yue et. al [9] have highlighted the growing role of 
robotic simulators in engineering education. These simulators offer numerous advantages, including cost-effectiveness, 
scalability, and the ability to facilitate remote learning, which became especially important during the COVID-19 
pandemic. 

METHODOLOGY  
In this section, the methodology employed in the study to simulate and analyze drone mechanisms and control using 

Webots will be discussed. The discussion will cover all the aspects of the simulation from the system configuration up to 
the analysis of the system performance. The explanation about the controller design of the MAV based on the simulation 
data will also be presented.   

Setup and Configuration of Drone Simulation  
The core of the research lies in the setup and configuration of the drone simulation within the Webots environment. 

To replicate real-world scenarios as faithfully as possible, a virtual environment that emulates diverse landscapes and 
conditions will be desinged. This virtual environment includes urban landscapes, natural terrains, and indoor settings, 
each posing unique challenges for drone navigation and control. In this study, line following task will be focused to obtain 
a more comprehensive understanding about the drone mechanism and the control strategy.   

Within Webots, the necessary parameters, including terrain topography, weather conditions, and lighting effects are 
establshed. This comprehensive setup allows us to conduct experiments that closely resemble real-world situations, 
providing a robust testing ground for drone mechanisms and control.  

To create a new world in Webots, select “File” > “New” > “New World File”. A popup window will appear as shown 
in Figure 1, where user needs to give the world name.   

Choice of Drone Model and Sensors   
Selecting an appropriate drone model and sensor suite is pivotal to the accuracy and relevance of the simulations. 

After careful consideration, this study opted for the Mavic 2 Pro from DJI, known for its versatility and widespread use 
in both hobbyist and professional applications. This choice ensures that the simulations align with real-world scenarios 
and facilitate the development of practical insights.  

For the line following task, a suite of sensors commonly found in commercial drones, including GPS, IMU (Inertial 
Measurement Unit), and camera are included in the model. These sensors enable the virtual drones to perceive their 
surroundings and collect data essential for navigation, obstacle avoidance, and other control tasks.  
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Figure 1. Creating New World in Webots 

 

Control Algorithm and Approaches   
The heart of the simulation lies in the implementation of control algorithms and approaches. As the preliminary step, 

PID controller is applied in the study. The PID controller will be used for stabilization, path planning algorithms, and line 
following task. The effect of each gain in the PID cntroller will be meticulously configured and fine-tuned to suit the 
specific scenarios presented in the experiments.  

1) Image Processing    
A camera is used as the sensor for completing the line following task. The image processing used in this study is 

shown in Figure 2. The line detection is conducted by utilizing several image processing algorithm. The first step is to 
change the Red Green Blue (RGB) image into grayscale. The next step is to change the grayscale image into binary image. 
The purpose of this step is to simplify the image data and enhances the visibility of specific features or objects of interest. 
It plays a crucial role in various image processing tasks, including segmentation, feature extraction, object detection, and 
pattern recognition. The choice of thresholding method and threshold value depends on the specific application and 
characteristics of the grayscale image.  

Once the binary image is obtained, the image will be processed into a skeletonized binary image. The purpose of this 
process is to again simplify the image and extract essential structural information from the object pattern, which in this 
study is the line on the ground. Compared to binary image, skeletonized binary image will have even more small pixel 
size. This will make the line detection process will be faster.  

The next step is to implemeny Hough transformation to the skeletonized binary image. The Hough Transform is a 
powerful technique used for detecting lines and other parametric shapes in binary images, including skeletonized binary 
images. The Hough Transform is particularly well-suited for line detection because it can robustly identify lines even 
when they are broken, curved, or partially obscured.  

Hough Transform is particularly useful because the skeletonization process often simplifies complex shapes into 
single-pixel-wide curves or lines. By applying the Hough Transform to a skeletonized image, effective identification and 
characterization of the structural components, in this study is line on the ground can be conducted. Additionally, Hough 
Transform is a well known algorithm and commonly used due to its robustness, parameterization capabilities, accuracy, 
and adaptability to various line types.   

2) PID Control  
Control is the most important part in MAV. For the task of Line Following Quadrotor, the controller design aims to 

stabilize the system and instruct the quadrotor to achieve the objective. In the quadrotor system, the angles that need to 
be controlled are the roll, pitch and yaw angles. This objective can be done through the Proportional (P) controller which 
is able to control the altitude and attitude of the quadrotor. By using the P controller, the quadrotor is able to detect the line 
while stabilizing in mid-air. 
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Figure 3 shows the flowchart of the proposed system implemented for the study. The selection of the P gain will be 

done through Simulink simulation in the first step. Once the time response of the system is appropriate where the value 
of overshoot is not more than 20% then the controller will be implemented in Webots environments.  

The block diagram of the proposed system is shown in Figure 4. In this step, the controller for image processing part 
is set to be 1, which is unity gain in Simulink simulation. Therefore, the main concern in the controller design is the 
altitude control and also the attitude control which includes the Roll, Pitch and Yaw movement. 

 

 

 
 
 

 
Figure 3. Flowchart of Line Following Task 

Figure 2. Flowchart of Image Processing  
 

 

 
Figure 4. Block Diagram of Line Following MAV 
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RESULT AND DISCUSSION   
Webots Environment and Platform Selection 

After a few study literature, Figure 5 is created as the experimental environment for the line following task using 
autonomous quadrotor. The starting point is indocated with a quadrotor image. The quadrotor will need to follow a straight 
path qoing forward, then turn left, near a wall the quadrotor will need to turn right. The quadrotor will follow another 
straight path until it almost reach to the wall and needs to make a right turn. In this part, an obstacle is created to see the 
capability of the quadrotor to avoid it. After the obstacle is avoided, quadrotor will need to fly back to a certain level of 
altitude and go straight line until it reaches the goal position.  

As seen in the scenario, the environment will need the quadrotor to be able to 1) following straight line, 2) make a 
right or left turn based on the line images 3) avoid obstacle and lastly 4) stop when it reaches the goal position.  

Figure 6 shows the model used as the quadrotor platform in the study. The model chosen is DJI Mavic 2 Pro which 
includes several sensors onboard such as gyro, compass, camera for capturing the line, distance sensor to detect obstacle 
in front, IMU for attitude measurement and also GPS for the positioning. 

 

Image Processing  
As mentioned in the methodology part, this study will implement the RGB to grey scale trasformation, followed by 

the grey image to binary image transformation, binary to skeletonized binary image transformation and lastly the Hough 
transform. The example of the image processing result is shown in Figure 7 and Figure 8. In Figure 7, the transformation 
from the RGB to grey and then to binary and skeletonized binary images are presented. It is seen that the shape of the 
line becomes thinner and small in pixel size. This information is really crucial to decrease the processing time for 
controller to give command to the quadrotor. By redusing the processing time, it is expected that the quadrotor will be 
able to detect and follow line more accurate. The result for this statement will be presented in the next section. 

Figure 8 shows the Hough transform result from image in Figure 7 (d), and the detected line. The skeletonized line in 
Figure 7 (d) will be computed using the Hough Transform function in the Matlab application. After that, the peaks for the 
Hough Transform will be calculated and plot in the graph. Figure 8 (a) shows the peak plotted in the Hough Transform. 
Lastly, the number of Hough peaks in the Hough Transform will determine the number of lines detected in the image. 
From Figure 8 (a), a single Hough peak is plotted in the graph. Thus, only one line will be available in the RGB image 
captured by the quadrotor’s camera. Figure 8 (b) shows the detected line where the center line is marked with the blue 
line on the picture. As for the yellow marker, it is the starting and end point of the line detected which has been set up in the 
program based on the desired length of the line. 
 
Performance of PID Controller for Hovering Task 

As the preliminary step of the study, Proportional (P) controller is implemented in the study. In the future the 
combination of Proportional, Integral and Derrivative (PID) controller will be considered. 

 

 
Figure 5. Block Diagram of Line Following MAV 

 
 

 
Figure 6. DJI Movic as Platform 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 7. (a) RGB (b) Grey Scale (c) Binary (d) Skeletonized Binary  
 

The experiment is conducted by considering a certain P gain for different altitude and attitude control as tabulated in 
Table 1. In this study, for attitude control, only Roll and Pitch movements are considered. For this part, only the hovering 
characteristic will be evaluated which means the P-value of roll and pitch will be constant and the value of P for thrust 
increasing from one to five. The characteristic of the quadrotor during hovering will be shown using Matlab graphs.  

Figure 9 shows the result of different values of P gain for hovering task. The time response analysis is tabulated in 
Table 2. From the result, it is seen that there is no value of P controller gain that can achieve best performance for all the 
parameters covered in time response analysis. For example, 𝐾𝐾𝑝𝑝 = 1 gave the fastest settling time and the lowest overshoot 
percentage, which are good. However, it has the highest steady state error. Highest steady state error is commonly 
unwanted. This is due to not achieving the target or the goal set to the system. Meanwhile, for  𝐾𝐾𝑝𝑝 = 5, it has 15.46 
seconds of settling time, 0.01 meter of steady state error and 64.59% of overshoot percentage. In terms of steady state 
error, this controller gain has the best performance. However, the system is slow and has very high overshoot which is 
unpreferable for real system. This is because, a very high overshoot value will cause damage to the system. Hence, another 
controller gain needs to be added, which will be the future works of the study.  

 
(a) 

 
(b) 

Figure 8.  (a) Hough Peak (b) Detected Line 
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Table 1. P Gain Values for Hovering. 
Thrust (Kpz) Roll (Kpy) Pitch (Kpx) 

1 50 30 
2 50 30 
3 50 30 
4 50 30 
5 50 30 

Table 2. Time Response Analysis for Different P Gain Values, with Altitude Target is 1 m.  
Thrust (Kp) Settling Time 

(Sec) 
Rise Time 

(Sec) 
Steady state 
Error (m) 

Peak Time 
(Sec) 

Overshoot % 

1 12.24 4.16 0.33 9.80 9.01 
2 12.67 1.86 0.17 6.78 27.12 
3 14.96 1.38 0.09 6.23 40.27 
4 15.19 1.15 0.04 6.07 72.74 
5 15.46 1.00 0.01 6.01 64.59 

 

 
Figure 10. Webots Environment for Line Following Task.   

 

 
Figure 9.  Different values of P controller gain for hovering task  
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Line Following Task  
Figure 10 shows the Webots environment for conducting line following task. The task will be started from take off 

condition until 1 meter of altitude then followed by the detection of the line and the quadrotor must follow the line. The 
video of the simulation can be accessed through link untuk video following, https://bit.ly/followLine. Additionally, for 
the full task, which is to complete the environment in Figure 5, can be accessed through this link, https://bit.ly/FullTask.  

To conduct the complete task, three different combination of P controller gain for Roll and Pitch are implemented. 
While, the P gain for the altitude controller is set to be  𝐾𝐾𝑝𝑝 = 3 base on result in Table 2. The time response analysis for 
the line following task completed with obstacle avoidance is summarized in Table 3. From the result, it is seen that the 
system reached the best performance when 𝑲𝑲𝒑𝒑𝒑𝒑 = 50 and 𝑲𝑲𝒑𝒑𝒑𝒑 = 30. Figure 11 shows the performance of the system in 
terms of its position. Based on the graph plotted for the X and Y position of the quadrotor, during the line following, it is 
clearly shown that the quadrotor is successfully following the line. The evidence from the video is also showing that 
Webots can be used as a tools to understand the mechanism of quadrotor and to prove the controller algorithm that has 
been designed.        

Table 3. Time Response Analysis for Line Following with Obstacle Avoidance with 𝑲𝑲𝒑𝒑𝒑𝒑 = 𝟑𝟑. 
Roll (𝑲𝑲𝒑𝒑𝒑𝒑) Pitch (𝑲𝑲𝒑𝒑𝒑𝒑) Settling Time 

(Sec) 
Max Altitude 

(m) 
Time taken to Goal Point 

(Seconds) 
50 30 17.47 1.69 58.71 
55 35 23.33 1.68 63.41 
60 40 24.09 1.68 69.58 

 

 

CONCLUSION 
In this project, a quadrotor MAV model is used in the Webots application for simulation purposes. The quadrotor was 

able to detect and follow the line on the ground which is processed through image processing in Matlab. The controller 
used is based on a P controller that is simpler compared to a PID controller that can produce better results.  

In the nutshell, vision-based system is suitable for line detection through a simple algorithm and produced desired 
results. During the hovering process, the results showed that the lowest percentage of overshoot is 9.01% and the settling 
time is 12.24 seconds. However, the quadrotor was not able to reach the target altitude. Then, for following a straight line 
fastest time taken for quadrotor to reach at the end of line is 26.68 seconds. Next, from the full simulation the shortest 
time taken to reach destination is 58.71 seconds. From here, we can conclude that the lower value of P controller produced 
the best results in term of settling time, overshoot percentage and time taken for the quadrotor to reach its destination. For 
the controller, the higher value of P will result in improving the position of the quadrotor. However, the time consumed 
for the quadrotor to reach its destination increases. 

This study shows that Webots can be used as a platform for the teaching and learning process of the drone, quadrotor 
mechanism, image processing and the controller design to conduct a certain task, which in this case is line following and 
obstacle avoidance.  

For the future works, the study can be extended as the platform to do the study regarding the optimization of controller 
design for autonomous quadrotor. Through the simulator environment, students will be able to experience, see, examine 
and analyze the performance of the quadrotor similar to the real hardware.   

 
(a) 

 
(b) 

Figure 11. (a) XY Position Vs Time (b) X Position Vs Y Position 

https://bit.ly/followLine
https://bit.ly/FullTask
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