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Ar-Drone Navigation Based on Laser Sensor
and Potential Field Algorithm

Iswanto

Abstract – The paper’s objective is to present potential field algorithm combined with laser 
sensor for Ar-drone navigation in the environment that is not recognized. In a navigation, several 
problems need to overcome such as how to quickly reach the goal point, avoid static and dynamic 
obstacles and escape local minima. The potential field algorithm is an algorithm which has both 
attractive force and repulsive force used to reach the goal point and avoid obstacles. There are 
some obstacles which have an equal value between the attractive and the repulsive forces resulting 
in zero value force causing the quadrotor stop. Hence, this paper describes the use of laser 
sensors on quadrotor and the modification of the potential field algorithm, so it can avoid the 
local minima. In the proposed algorithm, the repulsion force of the local minima has been 
modified by using the mid point of the obstacle enabling the quadrotor to reach the goal point 
quickly and avoid obstacles in the form of dynamic and static obstacles and escape local minima.
Copyright © 2018 Praise Worthy Prize S.r.l. - All rights reserved.
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Nomenclature

x s=& The attractive force

( )RF The repulsive force

F The resultant force of potential field

,R Rx y The robot position

,Obs Obsx y The obstacle position

,G Gx y The robot goal point

Ak The constant potential field 

xC The safest distance 

od The distance of obstacle
T

s t u The variables of positions in world frame

T
The variables of roll, pitch, and yaw angle  

T
s t u&& & The variables of speed positions

T
p q r& & & The variables of angular velocity

nr The laser data of distance 

n The laser angle 

N The numbers of laser sensor 

nd The distance from the laser to the object

0c The constant

I. Introduction

Navigation is the coordination of path planning and 
sensing required by a robot to go from the start point to

the goal point in the unrecognized environment by 
avoiding both static and dynamic obstacles [1]-[32]. To
find the shortest and quickest path from the start point to 
reach the goal point and to avoid several obstacles 
without collision is one of the problems in navigation [1].
Based on these problems, an algorithm research on robot 
navigation has been investigated by Robotin et al [2]. 

There are four path planning algorithms namely 
breadth-first search, A*, D*, and focused D* applied to 
robot pioneer. To detect obstacles they used sensing by 
using global view so that the position of all the obstacles 
in the environment can be determined. The results of the 
simulation proved that the fastest time to complete the 
path planning was in the focused D* algorithm compared 
to the other algorithms. Virtual force Fuzzy algorithm 
combined with the cell decomposition has been 
investigated by Zhuoning et al [3] applied to a UAV path 
planning. Cell decomposition serves to create an 
environment map model using global view, so that the 
obstacles, the positions of the robot and the goal can be 
determined. To detect obstacles and move the robot to the 
goal point, virtual force with Fuzzy algorithm is used. 

The combination of the two algorithms has been 
applied to UAVs in a static environment. Dynamic graph-
search algorithm was used by Garcia et al [4] to make 
map model of an unknown environment. By using global 
view sensing, the model of 3D model of environment 
map was created by using cell decomposition algorithm. 
There are four algorithms of path planning tested in a 
static 3-D environment namely A* PS (Post-Smoothing), 
A*, Theta* and Lazy Theta algorithms. The Theta lazy 
algorithm has better performance in comparison with the 
other algorithms.
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Particle Swarm Optimization (PSO) Parallel Meta-
heuristic Algorithm has been used by Huang [5] applied 
to the FPGA for robot navigation. The algorithm was 
applied on the global path planning so that obstacles can 
be detected and static environment maps can be created 
by using the PSO. The map was divided into grids having 
the same size and they have a value created by using the 
PSO algorithm. The PSO algorithm was combined with 
the B-spline curve graph theory enabling the robot to 
move smoothly in a static environment. Potential field 
algorithm was invented by Khatib [6] applied to the 
robotic arm in a static environment. The algorithm was 
also used by Park and Lee [7] used for robot navigation 
in a static environment by using the modification of 
global path planning algorithm in the Artificial Potential 
Field so that the robot can avoid obstacles with local 
minima. When the robot entered the local minima, it will 
escape local minima by following the walls of the 
obstacles. This algorithm enables the robot to reach the 
goal point more quickly and simultaneously avoid the 
obstacles in a static environment. Potential field 
algorithm used by Valbuena and Tanner [8] applied to a 
wheeled robot in an environment with a static obstacle. 
In that study, the direction of the repulsive force of the 
potential field has been modified in which it moves 
around the walls of obstacles. The algorithm was applied 
to global path planning so that the position of the 
obstacles and target position can be previously identified. 
Although using the global path planning, this algorithm 
will not require an environment map whenever the 
environment is changed. 

The robot quickly reaches the goal by using this 
algorithm. Potential field algorithm was also used by 
Garcia-Delgado [9] applied to the quadrotor in a static 
environment. In that study, the potential field has been 
modified into three repulsions: Conventional Repulsive 
Function (CRF), Enhanced Repulsive Function 
Optimized with Constants (ERFOC), and Enhanced 
Repulsive Function (ERF). By modifying the repulsions, 
the quadrotor can avoid obstacles and be able to reach the 
goal. Vision sensor combined with path planning 
algorithm were used by Su et al [10] on a wheeled agent 
navigation. The algorithms used for path planning were
fuzzy sliding-mode controlled (SMC) [33][34], Voronoi 
diagram, and support vector machine (SVM). Vision 
sensor was used to sense global path planning in a static 
environment so that by using the data obtained from the 
vision sensor by using the Voronoi diagram algorithm, a 
map will be created. SVM algorithm is used to classify 
the obstacles and robot path. With many paths obtained, 
the fuzzy algorithm serves to plan an optimal path. The 
previously mentioned algorithms have been applied by 
several researchers on the sensing of global Path 
planning instead in dynamic obstacles. This paper 
presents local path planning sensing using navigation 
sensors such as Ultrasonic sensor, a sensor used by Ye & 
Wang [11] who applied five sensors on mobile robots. 

With these sensors, a robot can detect how many 
obstacles around it. The path planning of a mobile robot 

applies fuzzy algorithm, and by using both fuzzy 
algorithm and ultrasonic sensor, the obstacles can be 
avoided. However, the ultrasonic sensor has a weakness 
that is unfocused ultrasonic reflections. Sonar sensor was 
used for path planning by Fallon et al [12] applied to 
underwater robots. The sensor can create an image at a 
speed of 3-4 Hz and has a range of 40 meters with a 90 
degree angle. Kalman filter is required because the 
output of the sonar produces noise. A map is created by 
using SLAM algorithm. By using sonar for navigation, 
underwater robots managed to avoid obstacles. Laser 
sensor was used to create a map by Dugarjav et al [13] in 
robot navigation. The sensor scans surrounding 
environments in order to obtain maps with laser range. 

To divide the map into grids of the same size, Cell 
decomposition algorithm was used. With the combination 
of the sensor and cell decomposition algorithm, the robot 
can cover navigation in a static environment. Laser 
sensor was also used by Hong and Park [14] for a 
wheeled robot path planning. Tuning point searching 
algorithm was to detect obstacles located before the robot 
and to find the obstacles free path so that the robot can 
avoid them. The algorithm is hardly implemented in the 
environment which has local minima. When the robot 
cannot avoid obstacles and enter into the local minima, 
laser sensors are incapable find the safe path causing the 
robot applies wall following algorithm to escape local 
minima. This paper presents potential field path planning 
algorithm using local view sensing with laser sensor 
embedded in quadrotor. The obstacles in the environment 
can only be detected by using laser sensor. The output of 
the laser sensor produces a little noise, so that Kalman 
filter algorithm is required. In the previous study, it was 
found that by applying merely potential field algorithm 
the robot was incapable to avoid local minima. Hence, to 
overcome the problem, the algorithm was modified.

II. Quadrotor Model

The research describes the quadrotor model of Peter 
Corke [15] as illustrated in Fig. 1 [16], [17]. 

Fig. 1. Quadrotor’s non-linear model

Fig. 1 shows that the model is using 12 states for state-
space models consisting of state variables of the 
quadrotor positions in world frame denoted as 

T
s t u . State variables of roll, pitch, and yaw angle 
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denoted as 
T

, state variables of speed 

positions denoted as 
T

s t u&& & , and state variables of 

angular velocity are denoted as 
T

p q r& & & . The 

equation obtained in the basis of Newton's second law of 
translation motion is as follows [18]:

F mv mv= + �& (1)

where
T

p q r= & & & and
T

s t u= && & . Thus, a 

linear speed state equation from the mass center is 
obtained as follows:

1
cos sin cos sin sins T

m
= - +& (2)

1
cos sin sin sin cost T

m
= - -& (3)

1
cos cosu mg T

m
= -& (4)

While the state equation of the quadrotor position is as 
follows:

x s=& (5)

y t=& (6)

z u=& (7)

Using a rigid-body rotation law, it can be obtained

IG = + �I& (8)

I is the moment of inertia quadrotor so that the 
relationship between the angular acceleration of each 
rotor and the current rotational motion is as the following 
equation:

z yx

x x

p qr
I - I

= -
I I

&& & & (9)

y x z

y

q pr
y

I - I
= -
I I

&& & & (10)

y xz

x z

r pq
I - I

= -
I I

&& & & (11)

The angular velocity of yaw, pitch and roll is as the 
following:

s c
q r

c c
= +& & & (12)

c q s r= +& & & (13)

p s t q c t r= + +& & & & (14)

III. Obstacle Detection

Obstacle detection is an interesting problem to be 
overcome in the path planning algorithm where many 
sensors are provided to address this problem [19]. Laser 
range finder has the ability to detect objects located far 
away. It does not only provide more detailed information, 
but it is also more reliable than the camera [20].

Laser Range Finder Scanning Data contains data of 
distance nr and laser angle n in which n is the number 

of full scan data from 0 to 270 with 0.25 angular 
resolution as shown in Fig. 2. 

Fig. 2. Laser Range Finder Scanning Data

Full scan data of the laser sensor n is formulated as 

the following equation:

, 1,2,3,n
n

n

r
n N

� �
= �� �
� �

K (15)

N is the numbers of laser sensor data when the sensor 
perform a full scan and it depends on the product. The 
equation above is an illustration of a laser sensor data 
processing with the method proposed by Antunes et al 
[20]. Sensor laser data processing algorithm uses 
segmentation method by using Euclidean distance 
formula between two scan points in a row, n and 

1n + as written below:

2 2
1 1 1, 2 cosn n n n n nD + + += + - (16)

Range finder laser data will receive a maximum range 
if the range finder laser does not detect objects below the 
maximum limit maxD . So if there is an object that is 

located below the maximum limit of the range maxD , the 

value of laser sensor data is the value of the distance 
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between the laser source and the detected object to be 
processed by the following equation:

maxmin ,n nd D= (17)

nd is the distance from the laser to the object point. 

To reduce the computing time, a simple equation to 
determine the threshold value equation is required as 
follows:

0 1 1min ,t n nD c c p p += + (18)

where

1 2 1 cosc = - (19)

where 0c is constant. Segmentation algorithm as in Fig.

3 is needed to obtain the data from the laser sensor.

Fig. 3. Segmentation algorithm

Based on the algorithm, it can be seen that

, ,j n NS = K is a set of segmented points in which 

n and N show an index from the beginning to the end 

of each segment. If there is any object m , there is also a 
segment m in the segmentation. An obstruction model 
on the laser sensor consists of lines so that the feature 
extraction algorithm is required for line features of each 
extracted object. Sensor data value and noise are 
obtained by using this method. Some researchers have 
used Kalman filter algorithm to remove the noise. Hough 
transform filter is used in the study presented in this 
paper considering merely on segmented points of the 
segmentation process. So that all the data of the 
segmented points are placed in Hough Space domain 
using the following equation:

cosn nR r a= - (20)

The method took only the Hough peak data by 
detecting which has the largest number of intersected 

lines at R. If the number of intersected lines at , R is 

more than two, it is considered that , R is the 

perpendicular intersection point between robot and line 
segment. If there is a t line in the segment, this method 
will return to perpendicular intersection point. The other 
output of this process is the point n which is 

intersecting two lines in the segment, if at least there are 
two lines detected. By using the extraction algorithm and 
Hough algorithm, the location of obstacles can be 
identified. In addition, the Hough Transform algorithm is 
used to calculate the size of the obstacles. To conduct it, 
an array index that indicates the beginning and end of the 

segment ,n N is required. A line equation and an 

intersection point n between two lines in a segment can 

be obtained from the process of feature extraction. With 

the data of ,n N and n the width of a rectangular 

prism can determined by measuring the distance between 
the intersection line of to n or N . Thus, the width 

and length can be stated as:

,nw dist= (21)

,Nl dist= (22)

After reconstructing the object, the center of the 
rectangle can be determined and it is used as the obstacle 
center. Based on the method, it can be summarized that 
the relative position of the quadrotor’s obstacles is given 
by:

cosobsx l= (23)

sinobsy l= (24)

Fig. 4. Determining the position of obstacles

IV. Potential Field Algorithm

One path planning algorithm discovered and applied 
by Khatib to navigate robotic arm movement is potential 
field algorithm. The algorithm has been used by some 
researchers to optimize path planning algorithm with 



Iswanto

Copyright © 2018 Praise Worthy Prize S.r.l. - All rights reserved International Review of Aerospace Engineering, Vol. 11, N. 6

264

heuristic methods such as FDT algorithms (fuzzy 
decision Tree [21] and FCD (Fuzzy Cell Decomposition) 
[22]. The algorithm is the sum of repulsive and attractive 
forces as shown in the following equation [23]:

(A) ( )RF F F= + (25)

where (A)F is the attractive field force caused by the goal 

point of the robot, ( )RF is the repulsive field force caused 

by obstacles located close to the robot, and F is the 
potential field resultant force.

Based on the equation above, by combining the 
resultant force and Newton's second law of motion, it is 
obtained the value of linear acceleration as shown in the 
following equations:

d

k
x x x

m
= - -& (26)

d

k
y y y

m
= - -& (27)

The following is the direction of the quadrotor 
equation:

x

y
=
&

&
(28)

This paper applies potential field algorithm on the 
quadrotor that is able to move in �� [24]. Fig. 5 shows 
the potential field algorithm that is applied by some 
researchers in �� environment [25]. This study simplifies 
the quadrotor engaged in �� by assuming that the 
controller is powerful enough to maintain a constant 
altitude, therefore, the quadrotor engaged in �� to be 
controlled by providing the reference value on the 
acceleration.

Fig. 5. Path planning modelling using potential field algorithm

Thus, the following equation is obtained:

x s=& (29)

y t=& (30)

=& (31)

IV.1. Go to Goal

Go to goal is the basic behavior of potential filed 
algorithm that attracts robot to the position of goal by 
using the work principle of attractive field force as 
magnet in Khatib’s path planning [26]. The Khatib’s 
algorithm is modified to get the algorithm equation 
proposed in this research as the following:

,

,

A x yR G R G

A R G

A x yR G

R G

k x x if x x s

F x x x
k if x x s

x x

�- - - �
�
�

= -�
�- - �
� -
�

(32)

A yR G R G

A R G

A yR G

R G

k y y if y y s

F y y y
k if y y s

y y

�- - - �
�
�

= -�
�- - �
� -
�

(33)

in which FA(x, y) is the robot’s attractive force, 

,R Rx y is the robot position, ,G Gx y shows the

goal point of the robot, Ak refers the constant potential 

field which has a value range between 0 1k< < , and

,x ys is the closest distance of the robot the goal.

IV.2. Avoiding Obstacle 

Avoiding obstacle is a behavior to avoid obstacles 
using the working principle of Khatib’s potential force 
algorithm [27]. In Fig. 5, it can be seen that the quadrotor 
can identify the obstacle point by using a laser in 
equations (23)-(24) and create a virtual obstacle. This 
paper describes that the quadrotor avoids the virtual 
obstacle by using the proposed repulsive potential field 
algorithm that modifies Khatib’s as written in the 
following equation:

3

1 1

0 

R O xo

R
xo o

R xo

xo

x x d C
k

d C d

F x if d C

if d C

� � � -
� � �-

� �� � ��
�

= ��
�
� �
�

(34)

3

1 1

0 i

R O yo

R
yo o

R yo

yo

y y d C
k

d C d

F y if d C

f d C

� � � -
� � �-

� ��
� ��

�
= ��
�
� �
�

(35)

in which ,R RF x F y is the repulsion, ,R Rx y is the 
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robot position, ,O Ox y is the obstacle position,

,x yC C is the safest distance in avoiding obstacle, and 

od is the relative coordinate vector point of the obstacle 

on x-axis and y-axis as shown in the equation as follows:

2 2
R O R Ood x x y y= - + - (36)

IV.3. Local Minima

The problem in the potential field algorithm is local 
minima that is the area where the robot cannot move 
because the sum of the value of the attractive potential 
the repulsive potential is zero as shown in Fig. 6 [28].

Fig. 6. Environment with local minima

Fig. 6 shows that there are two square-shaped 
obstacles placed in a parallel way. The obstacles will 
create local minima causing the quadrotor stop in front of 
the obstacles. This study uses gravity equation method to 
avoid local minima written as follows:

1 1 2 2

1 2

1 1 2 2

1 2

n m
W

n

n m
W

n

A x A x A x
x

A A A

A y A y A y
y

A A A

+ + +
=

+ + +

+ + +
=

+ + +

L

L

L

L

(37)

where (x, y) is the gravity center, A1-An is the obstacle 
area from 1 to n, x1-xn is the obstacle length from 1 to n
divided by 2, and y1-yn is the obstacle width from 1 to n
divided by 2. After the center of the gravity has been 
obtained, several lines are created to connect them to 
each end of the obstacles. The line which is the longest 
becomes the radius of the new obstacle so that the 
quadrotor can avoid local minima as shown in Fig. 7.

V. Results and Analysis

In the experiment that has been conducted, the 
researcher uses Robot Operating System (ROS) and a 
Matlab to simulate the performance of Ardrone 
Quadrotor to reach the targets and avoid static obstacles 
and obstacles with local minima in an environment that is 
not recognized. 

Fig. 7. Environment with a new obstacle

There are three experiments performed to prove the 
methods. Two obstacles without local minima is used 
first the experiment and two obstacle with local minima 
is used the second experiment.

In the first experiment, the robot is placed at point (10, 
10) moves to the goal point (90.100) in an environment 
that is not recognized consisting of two square-shaped 
obstacles located at points (20.20) and (70.80) as shown 
in Fig. 8. The environment is tested by using the Khatib’s 
and the proposed algorithms. The result of the research is 
shown in Fig. 9. The proposed algorithm is indicated by 
blue dots indicating moving quadrotor’s positions and it 
shows that by using the algorithm, the quadrotor moves 
quickly towards its goal and flies stably because it has a 
constant speed even though the goal is very far away. 

The constant speed is illustrated in Fig. 9 as the 
moving quadrotor’s positions indicated in blue dots have 
the same distance. When approaching the goal position 
and avoiding obstacles, the speed of the quadrotor is 
slowing down. The obstacle in square-shaped is 
transformed into circle-shaped with the center point of 
the circle is the center gravity of the square which has the 
longest radius of the circle creating the safest distance to 
avoid obstacle.

In the second experiment, the robots are placed in 
point (5, 55) and move to the goal point (55, 100) in the 
environment as shown in Fig. 10. 

Fig. 8. Quadrotor path planning with two obstacles
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Fig. 9. Quadrotor simulation result with two obstacles

Fig. 10. Quadrotor path planning with two obstacles                             
having local minima

It shows that there are two obstacles located near each 
other at points (55, 50) and (55, 60). The obstacles create 
local minima so that the robot stops at the area because 
the attractive force is equal to the repulsive force. With 
the modification of the Khatib’s algorithm, the quadrotor 
indicated in red successfully avoids local minima and 
moves to the goal point. It is seen in the figure that the 
quadrotor moves quickly by using modified potential 
field algorithm. The speed is reducing as it is closing to 
the obstacles with local minima and to the goal point. 
The obstacles with local minima are changed into circle 
with the center point of the circle is the center of gravity 
of several obstacles with local minima. The longest 
radius of the circle is the safest distance to avoid the 
obstacles.

VI. Conclusion

The problems in quadrotor navigation include how to 
quickly reach the goal point, to avoid static and dynamic 
obstacles and to escape local minima. The forces 
involved are attractive force affecting the stability of the 
ar-drone, the repulsive force used to avoid obstacles and 
local minima causing the quadrotor stop near the 
obstacles.

Fig. 11. The result of the quadrotor simulation with                                    
two obstacles which has local minima

To overcome the problems, a new potential field 
function that is the modification of the attractive and 
repulsive forces has been proposed. To detect the 
obstacles, laser sensor is used. The simulation results 
showed that the far distance of the goal position affects 
the attractive force applied in the quadrotor. In the 
proposed algorithm, the repulsion force of the local 
minima has been modified by using the center point of 
the obstacles creating virtual obstacles and enabling the 
quadrotor to avoid local minima of the static and 
dynamic obstacles, and then reach the goal point more 
quickly. The modification enables the quadrotor to fly in 
a stable position and does not fall.
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