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ABSTRACT: One of the main topics these days is the use of quadrotors to transport commodities in the 
urban environment, and the main challenge in quadrotors for route planning in urban areas is obstacles. 
Quadrotors are not suitable to fly at high altitudes, because due to economic limitations, this will be a 
challenge. Therefore, most quadrotors in the urban environment must fly at a low altitude, and for this 
reason, there will be obstacles in their path. Some of the obstacles are predetermined, and some others 
are unpredictable. A new method to interact with these unexpected obstacles has been presented In this 
paper. This method combines the BUG2 or online-BUG2 path planning methods in robotics and model 
predictive control, which is intended to guide the quadrotor. In this method, first, the desired path of 
the quadrotor is determined with the help of the BUG2 and online-BUG2 algorithms, and then, with 
the help of model predictive control using the predictive functional control, the control law required to 
change the direction of the quadrotor to this reference path is obtained. According to the three scenarios 
implemented with the help of the introduced method, it can be seen the integrated approach has been able 
to detect them well and guide the quadrotor to the target by bypassing the obstacles.
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1- Introduction
In today’s era, many studies have been done on autonomous 

cars, drones, robots, etc., and some have been exploited in 
industry. One of the main challenges for self-driving these 
types of devices is the lack of complete knowledge of the 
path and obstacles on their route because even with previous 
predictions, an unpredictable obstacle such as other vehicles, 
drones, or animals may be placed in the way of these devices, 
and the art of self-driving designers is to deal with these type 
of unpredictable obstacles.

One of great interest nowadays is the economic and 
civilian use of quadrotors so that packages can be delivered 
to the home or the desired person. As mentioned before, there 
is a possibility of the existence of undetermined obstacles for 
which a solution should be thought of.

Determining the path to avoid obstacles in unmanned 
aerial vehicles is mainly done by assuming knowledge of all 
the obstacles. By considering the location of the obstacles, 
the best possible route to reach the destination has been 
obtained. For example, in [1],[BinKai, 2021 #42] the method 
of finding the optimal path to avoid obstacles is done with 
the help of the improved artificial potential field method. In 
[2], the optimization of the optimal route to avoid obstacles 
has been done with the help of an ant colony algorithm. 
In [3], finding the optimal route using the improved rapid 

exploration random tree algorithm is explained, which, such 
as the previous methods, requires a map of the location of 
obstacles. Also, in [4], an approach has been introduced in 
which the optimal route is determined with the help of a set 
of images, and then the drone corrects its course by taking 
pictures of places during the flight.

In all the mentioned cases and even more that were not 
investigated, the approaches have been determined based 
on the knowledge of the location of the obstacles. In other 
words, the obstacles in the path were determined in advance, 
and then the drones tried to find the optimal way to reach 
the goal. However, the introduced methods for the case 
where there are no knowledge barriers are primarily done 
in robotics and two-dimensional space and less about aerial 
issues. Among these cases, it may be possible to refer to the 
study done in [5] that the initial path was made with the help 
of the ant’s algorithm assuming predetermined obstacles for 
the unmanned surface vehicle and the artificial potential field 
algorithm was used to avoid the predetermined obstacles. 
One of the new methods proposed to prevent obstacles in 
recent years is the free configuration Eigenspace method, 
which requires the presence of a sensor on the device. This 
method was implemented in [6] for a mobile robot. In [7], 
a new approach for finding the path to reach the goal by 
avoiding obstacles called M-BUG has been introduced. In 
this approach, when encountering obstacles, by considering 
the slope of the obstacles at the moment of reaching them and 
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choosing the shortest path, it tries to bypass the obstacle. In 
[8], the BUG1 method and the robot’s presence are used in 
a multi-agent way to avoid the obstacle. In this method, two 
robots help each other in bypassing obstacles with the help of 
the BUG1 method and by sharing information.

Apart from the issue of finding the path, finding a 
control law to follow the determined path is also one of the 
challenges of this problem. Many control methods have been 
proposed to follow the path of the quadrotor. For example, 
in [9, 10], the sliding mode method controls the quadrotor 
to be in a specific direction. In [11], sliding mode combined 
with a neural network has been used to control the quadrotor. 
In meta-heuristics topics, we can refer to [12], which uses 
the particle swarm optimization method to control the 
quadrotor so that it is placed in a specific direction. In the 
field of multivariable control, we can refer to [13], which 
uses a MIMO-PID controller to find a suitable control law. 
Also [14], is an example of using the fuzzy law to control the 
quadrotor.

But among the available control methods, model predictive 
control is more suitable for this problem, because the future 
path of the quadrotor is determined by the guidance law, and 
the future steps of the quadrotor to move in it are known. 
Therefore, according to the nature of the problem, predictive 
control is considered to find the control law. In recent years, 
predictive control has been widely used for quadrotor 
control, and its effectiveness has been proven. In [15], model 
predictive control is used to track the quadrotor path with 
the help of linearizer feedback. In [16], the combination of 
nonlinear estimation methods and nonlinear model predictive 
control has been used to track the path of an unmanned aerial 
vehicle in the presence of its four actuator faults. Also, [17] 
has introduced a model predictive control method to track the 
path in the fact of control input limitations and disturbance.

In this paper, finding the path to reach the goal by avoiding 
obstacles will be discussed using the BUG2 and online-BUG2 

algorithms, and the control law used to apply the input to 
track the path will be the model predictive control law using 
the predictive Functional Control (PFC). The innovative 
aspects of this article can be expressed in the combination 
of the PFC method with the route tracking obtained through 
the obstacle avoidance path planning algorithms called 
BUG2 and online-BUG2 so that the presence and absence 
of obstacles are unpredictable. The introduced algorithm has 
been investigated in three different scenarios, in which the 
height of the starting and ending points are assumed to be the 
same. In these scenarios, the goal is to move along the horizon 
and maintain altitude by the quadrotor. The map examined in 
each of these scenarios is different from the others.

This paper is prepared in 5 parts, the second part examines 
the mathematical equations and the structure of the used 
methods such as BUG2, online-BUG2, and PFC, along with 
their integration. Of course, in this chapter, the assumed 
quadrotor sample is also introduced, and its parameters, 
equations, and structure are described. The third part of this 
article presents three scenarios that are considered to check 
the performance of the presented approach. The fourth part 
examines the results obtained from each scenario, and finally, 
the last part deals with the conclusion and suggestions for 
future studies.

2- Mathematical equations
2- 1- System model

A quadrotor consists of four motors, and all kinds of motion 
modes are based on these motors. Fig1 shows a quadrotor with 
a body coordinate system. The quadrotor moves upwards If 
all engines work in the indicated direction. If the second and 
fourth engines work in opposite directions, the quadrotor will 
revolve around the x-axis. If the first and third engines work 
in opposite directions, the quad will revolve around the y-axis. 
Also, for the rotation of the quadrotor around the z-axis, the 
first and third engines must work in the same direction while 
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the second and fourth engines work in the opposite direction. 
Based on the stated relationships, and the relationship 

between the torque and the angular speed of the motors, the 
control inputs of the quadrotor can be expressed as follows 
[18].
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Where kf is a constant coefficient equal to the product of 
the thrust force coefficient along the length of the arm. Ω1, 
Ω2, Ω3, and Ω4 are the angular velocities of the first, second, 
third, and fourth motor, respectively, which is shown in the 
Fig1 in the direction of positive movement of each of them.

Ωr is the residual angular velocity of the propellers and 
can be calculated as (5) [18]:
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The dynamic equations of the quadrotor are obtained with 
the help of Euler-Lagrange formulation based on potential 
energy and kinematics, which will include 12 state strain 
equations. By considering states as Eq.(6) [19]:
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State-space equations will be as[19]:

 2 2 2 2
1 1 2 3 4fU k      (1) 

 2 2
2 2 4fU k    (2) 

 2 2
3 1 3fU k    (3) 

 2 2 2 2
4 1 2 3 4fU k      (4) 

 

1 2 3 4r      (5) 

 

T
X z z x x y y          

(6) 

 

1 2 1 2

3 4 2 3

5 3 4

1

1

1

( , )

r

r

z

x

y

a a bU

a a b U

a b U
z

X f X U u Ug
m

x
u U

m
y

u U
m


 


 




 
    
 
    
 
 

 
 
     
 
 
 
 
 
 
 
 
    

(7) 

 

cos sin cos sin sin
cos sin sin sin cos
cos cos

x

y

z

u
u
u

    
    
 

 
  
 

 (8) 

 

 (7)

Where φ, θ, and ψ are the Euler angles of roll, pitch, and 
yaw and x, y, and z indicate displacement along the quadrotor’s 
body axes, and ux, uy, uz are the direction cosines of the total 
thrust vector along the xB, yB, zB axes, respectively[19]:
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According to the dynamics of the issue, the angle of 
the quadrotor should not exceed 80 degrees, because the 
quadrotor will lose its stability and will not be controllable 
anymore. constant Coefficients are[20]:
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Quadrotor specifications are as shown in Table 1 [20]:

2- 2- BUG2 and online-BUG2 algorithms
One of the available and valuable approaches in robotics 

for path planning in case of obstacle existence, and a lack 
of prior knowledge of the road map is the BUG2 algorithm. 
BUG algorithms are among the earliest and simplest sensor-
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based planners with provable guarantees. These algorithms 
assume the robot is a point operating in the plane with a 
contact sensor or a zero-range sensor to detect obstacles.

We name the line from the start point to the goal as m-line, 
which is the line that determines the robot’s initial direction. 
The steps of this algorithm can be represented as follows [21, 
22].

• while not at the goal
Follow the m-line
while the path to the goal is blocked

follow obstacle edges
if the m-line met, then break

end while
• end while

Fig2 explains an example of robot movement using the 
BUG2 algorithm. In this scenario, the robot moves from 
the starting point towards the target along the m-line until 
it reaches the obstacle. At this moment, the robot starts to 
turn around the obstacle until it is located along the same 

Table 1. Quadrotor specificationsTable 1. Quadrotor specifications 

Name Parameter Value Unit 
mass m 0.650 kg 

inertia on x-axis Ixx 7.5e-3 kg.m2 

inertia on y-axis Iyy 7.5e-3 kg.m2 

inertia on z-axis Izz 1.3e-2 kg.m2 

thrust coefficient kf 3.13e-
5 

N.s2 

drag coefficient d 7.5e-7 N.m.s2 

propeller radius Rrad 0.15 m 
propeller chord c 0.04 m 

pitch of incidence θ0 0.26 rad 
twist pitch θtω 0.045 rad 

rotor inertia Jr 6e-5 kg.m2 

arm length  0.23 m 
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Fig. 2. Moving the particle from the start to the goal using the BUG algorithm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Moving the particle from the start to the goal using the BUG algorithm



Sh. Ansari and S. Nasrollahi, AUT J. Model. Simul., 55(2) (2023) 243-262, DOI: 10.22060/miscj.2023.22575.5330

247

m-line. At this moment, it returns to its path toward the target 
along the m-line until it reaches the obstacle again. The robot 
repeats the previous process and finally reaches the goal.

This algorithm is derived for 2D path planning problems. 
For our problem, we will assume the quadrotor will control 
itself in the same attitude, so it can be simplified as a two-
dimensional problem.

The online-BUG2 algorithm works such as BUG2, 
with one difference. BUG2 algorithm has one m-line, but 
in online-BUG2, the m-line will update in each movement. 
The algorithm of this method can be stated in superficial as 
follows.

• while not at the goal
Follow the m-line
while the path to the goal is blocked

follow obstacle edges
update m-line

end while
• end while
The movement path shown in the previous example will 

be changed in Fig. 3 with the help of this algorithm. As seen 
in this example, with the help of the online-BUG2 method, 
the distance traveled by the robot has been reduced.

2- 3- PFC Control
In this section, the PFC controller design process will 

be explained. If the state-space equations of the system are 
considered as follows[23]:
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It responds to [23]
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m shows the number of parameters involved in the 
control law; that is, the influence of m control samples will 
be considered in predicting the future behavior of the system. 
Assuming the system is complete, the output will be as (13).
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If two consecutive sentences are subtracted from the state 
space, [23]:
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Or, to put it more succinctly,[23]:
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Fig. 3. Moving the particle from the start to the goal using the BUG algorithm 
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By writing equations for future predictions, the final result 
can be represented under the matrix Eq. (20).
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in Eq(20)[23]:
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In the above relationships, m is the control horizon, p is 
the prediction horizon, and the  condition must be met.

Now, if the cost function is defined as (25) where R and Q 
are the coefficients related to the importance of the size of the 
control law and tracking the output path [23].
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In this case, by minimizing this cost function, the optimal 
control law will be obtained as (26) [23].
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As seen in section 2-1, the equations of the quadrotor were 
nonlinear, but the PFC method is linear, so it is necessary to 
perform linearization for all the points where the quadrotor is 
placed, according to the state of all parameters of the existing 
state space, and the law A control corresponding to that point 
should be calculated which is done in the implementation 
stage of this process.

2- 4- Proposed algorithm
One of the most critical tools needed to implement the 

proposed algorithm is the distance sensor. The need to have a 
distance to the obstacle is the main reason for suggesting the 
distance sensor instead of the proximity sensor because the 
proximity sensor only announces the presence of the obstacle 
and does not calculate the distance to the obstacle. 

On the other hand, among the types of distance-measuring 
sensors such as ultrasonic sensors, infrared sensors, or Light 
Detection and Ranging (LIDAR) sensors, due to the need for 
more than one sensor and the higher cost of LIDAR sensors 
than other sensors, this type of sensor is not recommended 
for this type of economic use. Also, Ultrasonic sensors are 
dependent on the shape of the obstacle, and there may be an 
error in calculating the distance despite the protrusion of the 
obstacle. Therefore, infrared sensors are recommended for 
use in this type of use.

In this method, the sensor range is assumed to be the same 
as the prediction horizon (which is responsible for detecting 
the presence of an obstacle here). Therefore, the sensor detects 
the obstacles based on the detectable distance in front of it. 
In this way, the relevant location for the next step is provided 
to the quadrotor. Then, with the help of its model predictive 
controller, the quadrotor applies the appropriate control law 
to reach this location. 

In a more general case, the task of determining the 
quadrotor guidance law is determined by the BUG2 algorithm 
with the sensor horizon equal to the prediction horizon. The 
necessary control law to follow the guidance law is extracted 
by the predictive control method. At each step, the quadrotor 
moves towards the target, and the new location of the 
quadrotor is considered the new origin of the guidance law. It 
is evident that the controlled quadrotor has an error and will 
not fully implement the determined guidance law, the reasons 
for which can be the limitation of the bird’s dynamics or the 
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presence of disturbances such as wind.
However since in each stage, the quadrotor is considered 

the main source, and the guidance law is generated based on 
it, it is expected that this error will not increase and will be 
acceptable for this problem. To consider the location of the 
quadrotor as the origin, it is evident that a GPS sensor will be 
needed. The block diagram related to the integration of this 
method can be seen in Fig 4.

3- Simulations
In the simulations, the sampling time is 0.02 seconds, 

the obstacle prediction distance is 0.2 meters, the prediction 
horizon is 20, and the control horizon is 10. All the 
simulations performed in MATLAB were performed with a 
Corei5 8250U series processor and 20.0 GB DDR 4 RAM. It 
should be noted that all the calculations performed, such as 
determining the path and determining the predictive control 
law, were done in less than 0.02 seconds, which indicates the 
real-time of the algorithm for this processor and conditions.

For a more detailed examination of three types of maps 
and paths in the presence of obstacles, it is considered 
that the desired quadrotor must continue its route from 
the starting point to the endpoint without encountering 
obstacles and reach the desired goal. These scenarios will 

be discussed further.

3- 1- First scenario
In the first scenario, it is assumed that the range of changes 

of x and y is from zero to 10, and the height also changes in 
the same range. Obstacles are determined in the environment 
of this area, and some protrusions can be seen in Fig 5.

In this scenario, we will move from the starting point of 
(1,1,5) to the endpoint of . The detection range of the obstacle 
by the sensors is 0.4 meters, the sampling time is 0.02 seconds, 
the prediction horizon is 20, and the control horizon is 10.

3- 2- Second scenario
The conditions of the second scenario are considered 

similar to the first scenario, with the difference that the map 
of obstacles and the route has been completely changed. As 
shown in Fig 6, four rectangular obstacles are used in the 
permitted movement range. In this map, similar to the map of 
the first scenario, the entire spatial range is in the range of 0 to 
10. The distribution of obstacles in the direction of height or z 
is uniform and has different shapes only in the x and y range.

In this scenario, the goal of the quadrotor is to move from 
the starting point ( )1,1,5  to the target point ( )9,9,5  so that it 
does not collide with obstacles.

Select initial point for 
Quadrotor

Calculation of the control law 
using the obtained guidance law 

and the PFC method

Calculate guidance law using 
BUG2 or online-BUG2 algorithm

Apply the control law to the 
quadrotor and get the new 

location

Is quad close to target point ? End
yes

no

 

Fig. 4. Block diagram of the introduced method 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Block diagram of the introduced method
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3- 3- Third scenario
In this scenario, the favorite paths of robotic routing 

methods, i.e., spiral, have been used. The starting point 
is assumed at coordinates (1.5, 7.5, 5), and the endpoint 
at coordinates (9, 2, 5). Fig 7 shows this map in three 
dimensions. The range of three-dimensional changes for this 
map is considered to be 0 to 10 meters.

4- Results
In this section, the results obtained for each of the defined 

scenarios are stated.

4- 1- First scenario results
If the sampling time is 0.02 seconds, the prediction 

horizon is 20, the control horizon is 10, and the obstacle 
distance by sensors is assumed to be 0.4 meters, the motion 
path of the quadrotor based on the dynamic equations of the 
quadrotor will be as shown in Fig 8.

The details related to the reference location of the 
quadrotor by the BUG2 algorithm and the path traveled by 
the quadrotor by PFC control law are shown in Fig 9. As 
is evident, the control method has been able to meet the 
requirements of the problem to follow the path.

 
Fig. 5. The shape of the perimeter of the quadrotor view in the first scenario 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. The shape of the perimeter of the quadrotor view in the first scenario

 
Fig. 6. The shape of the surroundings of the quadrotor in the second scenario 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. The shape of the surroundings of the quadrotor in the second scenario
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The plot of the angles of the quadrotor over time (Fig 10) 
shows that the quadrotor moved within the range of set angles 
(elevation angle less than 80 degrees) and did not change 
much in the angles.

Also, the result obtained for the route taken for this 
scenario by considering the online-BUG2 algorithm is 
obtained as shown in Figs11-13.

As can be seen from Figs 8-13, the angle of the quadrotor 
and the changes of the path in the y direction for two 

algorithms, the results obtained by the online-Bug2 algorithm 
are more acceptable than the Bug2 algorithm because both 
the path is shorter and the angle change rate has decreased.

4- 2- Second scenario results
By simulating the introduced approach, it can be seen 

that the quadrotor could move from the starting point and 
reach the endpoint by avoiding obstacles. The reason for 
not choosing a shorter route by the quadrotor is the lack of 
knowledge of the areas where obstacles are present. In other 

 
Fig. 7. The shape of the surroundings of the quadrotor in the third scenario 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. The shape of the surroundings of the quadrotor in the third scenario

 

Fig. 8. The path of the quadrotor from the top view in the first scenario and BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. The path of the quadrotor from the top view in the first scenario and BUG2 path planning
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Fig. 9. The quadrotor reference path by BUG2 algorithm and the quadrotor traveled path by PFC control law in the first scenario and 

BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. The quadrotor reference path by BUG2 algorithm and the quadrotor traveled path by PFC con-
trol law in the first scenario and BUG2 path planning

 

Fig. 10. Quadrotor angle over time in the first scenario and BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Quadrotor angle over time in the first scenario and BUG2 path planning
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Fig. 11. The path of the quadrotor from the top view in the first scenario and online-BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. The path of the quadrotor from the top view in the first scenario and online-BUG2 path planning

 

Fig. 12. The quadrotor reference path by BUG2 algorithm and the quadrotor traveled path by PFC control law in the first scenario and 

online-BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12. The quadrotor reference path by BUG2 algorithm and the quadrotor traveled path by PFC con-
trol law in the first scenario and online-BUG2 path planning
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words, the quadrotor does not know in which areas of the 
map the obstacles are present. 

The motion view of the quadrotor can be seen from the 
top of the self-loading section in Fig 14.

Also, the plots of the reference path determined by the 
BUG2 algorithm and the path traveled by the quadrotor by 
PFC control law are shown in Fig 15. 

According to Fig 16, the movement angles of the 

quadrotor, despite the increase compared to the previous 
scenario, are within the allowed range, which indicates the 
acceptability of the results.

The equivalent of the results observed for the BUG2 
algorithm in Figs14-16 is shown in Figs17-19 for the online-
BUG2 algorithm.

According to the observations in Figs 17-19, compared to 
Figs 14-16, the online-BUG2 algorithm has performed better 

 

Fig. 13. Quadrotor angle over time in the first scenario and online-BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Quadrotor angle over time in the first scenario and online-BUG2 path planning

 
Fig. 14. The path of the quadrotor from the top view in the second scenario and BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. The path of the quadrotor from the top view in the second scenario and BUG2 path planning
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Fig. 15. The quadrotor reference path by BUG2 algorithm and the quadrotor traveled path by PFC control law in the second scenario and 

BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

Fig. 15. The quadrotor reference path by BUG2 algorithm and the quadrotor traveled path by PFC con-
trol law in the second scenario and BUG2 path planning
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Fig. 16. Quadrotor angle over time in the second scenario and BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16. Quadrotor angle over time in the second scenario and BUG2 path planning

 

Fig. 17. The path of the quadrotor from the top view in the second scenario and online-BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17. The path of the quadrotor from the top view in the second scenario and online-BUG2 path planning
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Fig 18. The quadrotor reference path by the online-BUG2 algorithm and the quadrotor traveled path by PFC control law in the second 

scenario  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 18. The quadrotor reference path by the online-BUG2 algorithm and the quadrotor traveled path by PFC 
control law in the second scenario 

 

Fig. 19. Quadrotor angle over time in the second scenario and online-BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19. Quadrotor angle over time in the second scenario and online-BUG2 path planning
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than the BUG2 algorithm in terms of distance traveled and 
angle rate changes.

4- 3- Third scenario results
The results obtained for the movement path of the third 

scenario are shown in Fig 20. This figure shows the movement 
path of this quadrotor from the top section of the screen.

As expected, the quadrotor could bypass the obstacles well 
and reach the destination point. Again, similar to the previous 
two scenarios, the guide law reference command diagram 
obtained with the help of BUG2, along with the quadrotor 
motion output obtained by applying the PFC control law to 
it, is plotted in a graph for the x, y, and z vectors in Fig 21. In 
this scenario, the applied control law met the angular limit of 

 
Fig. 20. The path of the quadrotor from the top view in the third scenario and BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 20. The path of the quadrotor from the top view in the second scenario and online-BUG2 path planning

 
Fig. 21. The quadrotor reference path by BUG2 algorithm and the quadrotor traveled path by PFC control law in the third scenario 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 21. The quadrotor reference path by BUG2 algorithm and the quadrotor traveled path by PFC control 
law in the third scenario
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the elevation angle.
The equivalent of the results observed for the BUG2 

algorithm in Figs 17-19 are shown in Figs 20-21 for the 
online-BUG2 algorithm.

As can be seen, in this scenario, similar to the previous two 
scenarios, the online-BUG2 method has been able to reach 
the target point with a shorter path and a lower angle change 

rate of the quadrotor, which shows the better performance of 
this method than BUG2.

The desired values and obtained results for each scenario 
are shown in Table2. The maximum error value obtained for 
each dimension is equal to 0.04 m, which is an acceptable 
value. Also, the value of the error size considering three 
dimensions and using the norm2 are shown in Table 3.

 

Fig. 22. Quadrotor angle over time in the third scenario and BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 22. Quadrotor angle over time in the third scenario and BUG2 path planning

 

Fig. 23. The path of the quadrotor from the top view in the third scenario and online-BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 23. The path of the quadrotor from the top view in the third scenario and online-BUG2 path planning
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Fig. 24. The quadrotor reference path by BUG2 algorithm and the quadrotor traveled path by PFC control law in the third scenario and 

online-BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 24. The quadrotor reference path by BUG2 algorithm and the quadrotor traveled path by PFC control 
law in the third scenario and online-BUG2 path planning

 

Fig. 25. Quadrotor angle over time in the third scenario and BUG2 path planning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 25. Quadrotor angle over time in the third scenario and BUG2 path planning
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5- Conclusion
In this paper, two methods of path planning with 

quadrotor control using a predictive method were introduced. 
As seen from the obtained results, the online BUG method 
has been more effective than BUG for determining the 
route. As it is clear from the results of the experiments, this 
method has guided the quadrotor to the predetermined goal 
by avoiding obstacles. The result shows that the maximum 
error value obtained for each dimension is equal to 0.04 
m, which is an acceptable value. According to the obtained 
results, this idea can be used to determine the direction and 
control of quadrotors in urban roads and even other similar 
cases. Of course, it goes without saying that in this direction, 

more research paths should be conducted, and the proposed 
idea should reach full maturity. Because in this idea, the 
predetermined obstacles were not used, and the navigation 
was not done in line with the third dimension, i.e., height, 
it is suggested that future researchers conduct the necessary 
research on these matters.
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