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Abstract—This paper proposes a solution to real-time collision-
free path planning for an AR. Drone 2.0 UAV using only
on-board visual and inertial sensing. The proposed solution
consists in a modified potential field method to overcome the
non-reachable goal problem. The approach comprises three key
components: pattern-based ground for localization, proposed
potential field method for path planning and PD controllers
for steering commands. By applying the proposed method, the
quadrotor is successful in avoiding known/unknown obstacles and
reaching the target in complex indoor environment. The results
demonstrate the feasibility of the proposed strategy, which opens
new possibilities for the agent to perform autonomous navigation.

I. INTRODUCTION

In recent years, research interest in Unmanned Aerial Ve-

hicles (UAVs) has emerged due to their potential use for a

wide range of applications such as: autonomous indoor flying

[1], obstacle avoidance [2], formation control of UGVs using

an UAV [3], habitat mapping [4]. In order to accomplish the

above mentioned missions, a prerequisite requirement is that

the UAV should be able to implement real-time autonomous

navigation in known and unknown environment.

The navigation of autonomous agent consists of four es-

sential requirements known as: 1) perception, the agent uses

its sensors to extract meaningful information; 2) localization,

the agent determines its location in the working space; 3)

cognition and path planning, the agent decides how to steer

to achieve its goal; 4) motion control, the agent regulates

its motion to accomplish the desired trajectory [5]. Among

them, the path planning is the most challenging task, therefore,

bringing attention of researchers. The potential field method

(PFM) is peculiarly attractive since it has a simple struc-

ture, low computational complexity and easy to implement.

In literature, there has been a significant amount of work

based on this method applied to ground agents path planning

[6][7][8][9][10]. However, there are only a few implementa-

tions of this method on UAVs.

An interesting work on implementing and flight testing

of this approach on an UAV is studied in [11]. In order to

operate in real-time, the authors developed a layered approach

in uncharted terrain: plan globally and react locally. The global

planner is based on an implementation of Laplaces equation

that generates a potential function with a unique minimum

at the target. The local planner is based on the modification

of conventional potential field method in which not only the

position of the UAV (as in the traditional PFM) but also

the relative angles between the goal and obstacles are taken

into account. More than 700 successful obstacle avoidance

experiments were performed. However, this approach some-

times encouters problems when the repulsion from obstacles

exceeded the physical constraints of the UAV. In [12], a solu-

tion for formation flight of UAVs is presented. This is based

on potential field using a virtual leader and considering the

vehicle’s velocities. The method works properly in simulation;

however, it has not been yet implemented on the real system.

It is pointed out that the potential field method has several

inherent limitations [6][13] in which the non-reachable target

problem is the most serious one and is worth investigating

since it causes an incomplete path in the navigation task.

In this study, we develop a real-time implementation for

an AR. Drone 2.0 UAV navigation in indoor environment

using only on-board visual and inertial sensing. The approach

consists of three key components: pattern-based ground for

localization, proposed potential field method for path planning

and PD controllers for steering commands. The contribution

of this work consists in providing a solution to solve the

non-reachable target problem in conventional PFM. The new

potential field method ensures that the goal is the unique

global minimum. In addition, a realistic navigation approach in

complex known and unknown indoor environment is proposed

for the UAV. The motivation behind this research is to illustrate

that autonomous navigation is feasible on low-cost UAV.

The paper is organized as follows: a brief description of

the AR. Drone 2.0 UAV used in this study in section II, the

system setup and localization are presented in detail in section

III. The proposed path planning algorithm based on PFM is

described in section IV and the control approach is given in

section V. In section VI, the experimental results are presented,

followed by section VII where the main outcomes of this work

are summarized.

II. HARDWARE PLATFORM

A. Plant Description

The Ar. Drone 2.0, a commercial and low-cost micro UAV,

is used in this research. It consists of four propeller blades
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arranged symmetrically around a central unit which holds the

sensory equipment and the circuit board. There are four basic

motions of this quadrotor: pitch, roll, throttle and yaw as

shown in Fig.1.

Fig. 1. The movements of an AR.Drone 2.0: Pitch θ , Roll φ , Yaw ψ , Throttle
z .

The sensor system has several motion sensors which to-

gether form the Inertial Measurement Unit (IMU). Commu-

nication between the quadrotor and a command station is

performed via Wi-Fi connection within a 50 meters range.

AR. Drone 2.0 is equipped with two cameras in the bottom

and the frontal parts. The bottom camera has an image size of

320 x 240 pixels at 60 frames per second (fps) which is used

for localization purpose in this research. The frontal camera

has a resolution of 640 x 360 pixels at 30 fps used to detect

obstacles.

Several Software Development Kits (SDK) have been

developed for Windows, Linux or iOS operating systems

[14][15][16], thus enabling AR. Drone 2.0 to be manipulated

from a computer, smart phone or tablet. In this work, the AR.

Drone is controlled from a computer using Windows 7 with

Visual Studio C++, OpenCV and AR. Drone libraries.

B. Analysis of Inputs and Outputs

The developed SDK mode allows to read from the quadrotor

information the roll angle (rad), pitch angle (rad), the altitude

(m), yaw angle (rad) and the linear velocities on longitudinal/

transversal axes (m/s). They are respectively denoted by {θout ,

φout , ζout , ψout , ẋ, ẏ}. The system is affected by four inputs

{V x
in, V y

in, ζ̇in, ψ̇in} which are the linear velocities on longitu-

dinal/ transversal axes, vertical speed and yaw angular speed

references as depicted in Fig. 2. The control parameters given

to the internal controllers are floating point values between [-

1, 1]. Those parameters are not directly the control parameters

values, but a percentage of the maximum corresponding values

are set in the drone.

Fig. 2. Inputs and Outputs of an AR.Drone 2.0.

C. System identification

A quadrotor is a multi-variable and naturally unstable sys-

tem. However, due to the internal low layer control imple-

mented in the embedded operative system, AR. Drone 2.0 is

considered as a Linear Time Invariant (LTI) System, which can

be decomposed into multiple SISO loops. Transfer functions

are obtained via parametric identification using the prediction

error method and Pseudo-Random Binary Signal (PRBS) input

signals [17]. A sampling time of 5 ms for yaw and 66 ms for

other degrees of freedom are chosen based on the analysis

of dynamics characteristic performed on the previous studies

[18][19]. The identified transfer functions are:

Hx(s) =
ẋ(s)

V x
in(s)

=
7.27

(1.05s+1)
e−0.1s

Hy(s) =
ẏ(s)

V y
in(s)

=
7.27

(1.05s+1)
e−0.1s

Haltitude(s) =
ζout(s)

ζ̇in(s)
=

0.72

s(0.23s+1)
e−0.1s

Hyaw(s) =
ψout(s)
ψ̇in(s)

=
2.94

s(0.031s+1)
e−0.1s

(1)

III. SYSTEM SETUP AND LOCALIZATION

Our approach consists of three major components running

on a laptop connected to the quadrotor via wireless commu-

nication as shown in Fig.3. The first component is pattern-

based localization, which allows Ar. Drone 2.0 to determine

its location and orientation in a working space. The second

component is IMU data process, which delivers and receives

signals between the quadrotor and the ground station. For more

explanation, please refer to section II. The last component is

a cascade control, which guides the quadrotor to follow the

designed trajectories. For details, see section V.

Fig. 3. Our navigation approach of an AR.Drone 2.0.

In order to perform the localization task, a grid of ground

patterns is used to estimate the drone pose both in orientation

and position. Each pattern represents a certain (x,y) coordi-

nates inside this grid. The (x,y) coordinates are calculated

based on the information in the first and second rows. Each

row includes three bits, the bit values are zero and one

corresponding to the white and black bit. Fig. 4 represents the
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position of the ground pattern with (x,y) coordinates calculated

as below:

x = 20x0 +21x1 +22x2

y = 20y0 +21y1 +22y2

(2)

The rectangle at the right bottom of the pattern is utilized

to approximate the orientation of the quadrotor. The distance

between two patterns is 50 cm to ensure that there is always

at least one pattern visible in one image.

Fig. 4. A Ground pattern representing position (x = 1, y = 3).

In this study, the raw image must be further processed with

OpenCV to achieve the quadrotor pose information. The image

processing algorithm is depicted in flowchart as shown in Fig.

5. Briefly, the input image is converted into gray image, then

applied a suitable threshold to find the contours. This threshold

depends on the light condition in indoor environment and

therefore has to be appropriately chosen. The drone orientation

and position in the world coordinates are lastly calculated to

control the quadrotor motion.

Fig. 5. Image process flowchart of pattern based localization.

IV. PATH PLANNING

Path planning is defined as a designing collision-free path

in a working environment with obstacles. A path is a set of

configuration −→q = { q0, q1, ..., qgoal} ∈ Rn of the agent that

connects the starting position q0 and the final position qgoal .

In this section, conventional PFM is firstly introduced, then

the non-reachable goal problem in PFM is described. Lastly,

the proposed method termed modified potential field method

(MPFM), is presented to overcome that problem. This method

ensures that the target position is the unique global minimum

of the total potential.

A. Conventional potential field method and its limitations.

In conventional PFM, the agent is considered as a point

mass and moves in a two-dimensional working space. The

obstacles exert repulsive forces while the target applies an

attractive force to the agent. The total force determines the

subsequent direction and speed of the agent. Conventionally,

the attractive potential is defined as a function of the relative

position between the agent and the target while the relative

positions between the agent and the obstacles are used to cal-

culated repulsive potential. The basic attractive and repulsive

potential functions are:

U =Uatt +Urep

Uatt =
1

2
k1d2(q,qgoal)

Urep =

{
1
2 k2(

1
d(q,qobs)

− 1
d0
)2 if d(q,qobs)≤ d0

0 if d(q,qobs)> d0

(3)

where k1 and k2 are positive coefficients; d0 is the affected

distance of obstacle; d(q,qgoal) is the distance between the

agent and the target; d(q,qobs) is the minimum distance

between the agent and the obstacles.

The corresponding attraction force Fatt and repulsion force

Frep are negative gradients of respective attraction U(att)(q)
and repulsion Urep(q) whose formulas are:

F = Fatt +Frep

Fatt =−k1d(q,qgoal)

Frep =

{
−k2(

1
d(q,qobs)

− 1
d0
)( 1

d(q,qobs)
)2 if d(q,qobs)≤ d0

0 if d(q,qobs)> d0

(4)

Although the conventional PFM effectively generates

smooth path, it encounters several problems such as [6][13]:

1) Non-reachable target.

2) No passage between closely spaced obstacles.

3) Oscillations in the presence of obstacles.

4) Oscillations in narrow passages.

Among the above mentioned problems, the non-reachable

target problem is the most serious one and is worth in-

vestigating since it causes an incomplete path in the agent

navigation task. This problem happens when the target is close

to obstacles. In that case, when the agent approaches the target,

it also approaches the obstacles. As a sequence, the attractive

force reduces while the repulsive force increases. Therefore,

the agent is trapped in local minima and oscillations might

occur.

Fig. 6 (Left) illustrates the case that there are several

obstacles located near the target.The repulsive force in this

case is considerably larger than the attractive force, thus the

agent is repulsed away rather than reaching the target.

Fig. 7 (Left) shows another case in which the attractive field

and the repulsive field are collinear in opposite directions and

the total force approximates zero. Using conventional PFM,

the agent is trapped in local minima.
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B. Proposed attractive and repulsive potential

The essential cause of the non-reachable target problem

is that the goal position is not a global minimum of the

total potential U in equation (3). When the agent reaches the

target, attractive potential Uatt is equal to zero; however, the

repulsive potential Urep is none-zero if there is at least one

obstacle which satisfies the condition d(q,qobs)< d0. In order

to overcome that limitation, a MPFM is proposed to ensure that

the total potential field force has the unique global minimum

at the target position.

Obviously, if the repulsive potential approaches zero as the

agent reaches the target, the total potential attains the global

minimum at the goal. As a consequence, it is necessary to

introduce the relative distance between the agent and the target

into the formula of repulsive potential. Furthermore, since the

agent is unable to stop suddenly at the target position while

it is moving at a high speed, the agent velocity term is taken

into account in the proposed attractive potential formula.

By adding the term d(q,qgoal) in the formula of repulsive

potential and the agent velocity q̇ in the formula of attractive

potential, the total potential U =Uatt +Urep obtains the global

minimum (0) if and only if q= qgoal and q̇= 0. In other words,

it happens if and only if the agent arrives at the target and keep

that position. The MPFM are formulated as follows:

U =Uatt +Urep

Uatt(q, q̇) = ρpd2(q,qgoal)+ρvq̇2

Urep =

{
1
2 α( 1

d(q,qobs)
− 1

d0
)2dβ (q,qgoal) if d(q,qobs)≤ d0

0 if d(q,qobs)> d0

(5)

The attractive force and repulsive force are the negative gradi-

ents of attractive potential and repulsive potential as follows:

F = Fatt +Frep

Fatt =−2ρpd(q,qgoal)−2ρvq̇

Frep =

{
Frep1 +Frep2 if d(q,qobs)≤ d0

0 if d(q,qobs)> d0

Frep1 =−α(
1

d(q,qobs)
− 1

d0
)

dβ (q,qgoal)

d2(q,qobs)

Frep2 =−αβ
2

(
1

d(q,qobs)
− 1

d0
)2dβ−1(q,qgoal)

(6)

In previous PFM studies, an obstacle is considered as

a single point. This strategy only effectively works when

the obstacle dimensions are small. Therefore, in this study,

large obstacles are divided into several small obstacles before

applying the proposed method.

Applying conventional PFM, the agent is not successful in

autonomous navigation tasks when the obstacles are located

near the target as mentioned in subsection IV. A. However,

the proposed method can handle such problems properly

because it reduces the repulsive force when the agent moves

towards the target. Thus, the agent enables to reach the target

successfully as shown in Fig. 6 (Right) and Fig. 7 (Right).

In short, it indicates that the proposed method effectively

solves the non-reachable target problem when the obstacles

are located near the target .

Fig. 6. The problem and the solution when the position of target is very close
to obstacles. Left: the target non- reach problem of conventional PFM, Right:
Avoid local minima solving the target non-reachable problem of MPFM.

Fig. 7. The problem and the solution when the agent, obstacle and target are
aligned in which the obstacle in the middle and the attractive force approxi-
mates the repulsive force. Left: the target non- reach problem of conventional
PFM, Right: Avoid local minima solving the target non-reachable problem
of MPFM.

The proposed approach is developed to appropriately work

in known and unknown complex indoor environment. First,

the global agent path planning is generated based on the

proposed MPFM, then this path is renovated when the agent

senses a new obstacle until reaching the target (local path).

The algorithm is presented in Fig. 8.

Fig. 8. The flowchart of the agent path planning in known and unknown
environment based on MPFM.

C. Simulation results under complex environment

To validate the proposed algorithm, simulations are carried

out under various complex environment conditions with known

and unknown obstacles. There are several large obstacles with
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different dimensions and shapes located in the way of the

agent. Fig. 9 shows two different cases of complex indoor

environment with completely known obstacles in which the

agent arrives the target without collision with obstacles using

MPFM.

Fig. 9. Proposed MPFM under the complex environment.

The algorithm is also tested in complex scenarios with

unknown obstacle as shown in Fig. 10. The known obstacle is

presented in red while the unknown obstacle is presented in

black. Since agent has no information about the black obstacle

in advance, the trajectory is generated to avoid only red

obstacles as shown in Fig. 10 (Left). However, it updates the

path immediately (local path) when detecting a new obstacle

(the obstacle changes its color to orange) as displayed in Fig.

10 (Right). The results prove the feasibility and effectiveness

of the algorithm in complex environment with known and

unknown obstacles.

Fig. 10. Proposed MPFM under the complex partial known environment,
Left: The agent collides black (unknown) obstacle. Right: The agent re-plans
the path according to perceived environment.

V. CONTROL DESIGN

In this section, the control approach for the quadrotor

navigation is presented. First, the overview of the control

structure is introduced. Then, the compensation strategy for

the quadrotor is proposed and PD controllers are designed.

In order to perform real experiments, a cascade control

is designed (Fig. 11) such that the quadrotor follows the

generated trajectories. There are two parts of the cascade

controller: inner-loop controller and outer-loop controller. The

inner-loop controller is performed inside the quadrotor as a

black-box. The model identified in section II. C is used to

identify the relationships between the inputs and the outputs

of this black-box. The outer-loop controller is designed to

implement position control.

In the outer-loop controller, the localization process pro-

vides the current quadrotor pose in the world coordinate based

Fig. 11. Cascade control of the quadrotor.

on the ground patterns. The obtained free-collision path using

MPFM is sent to the controller by a list of way-points. Because

of missing communication, oscillating and uncertain noise, the

quadrotor can be unable follow the designed path. Therefore,

it is necessary to generate a compensation path, named,
−→
Tar

that guides the quadrotor to return to the designed trajectory.

In order to perform the compensation, several definitions are

introduced. ”Path error” is defined as the distance between the

drone and the designed path at a time during flight. Suppose

the drone is currently in the position with the two nearest way-

points, named, ”Previous way-point” and ”Next way-point”.

Let’s define
−−−−→
TargetWP as the vector from current position to

the ”Next way-point” and
−−−−→
Target pathline as the vector towards

the perpendicular path as shown in Fig. 12. The compensation−→
Tar is only executed when the ”Path error” (L) is larger than

threshold value L0. The formula of the target vector is:

−→
Tar = λ ∗−−−−→TargetWP +(1−λ )∗−−−−→Target pathline (7)

where λ is defined parameter as following:

λ =

{
1− (L/L0)

n if L < L0

0 if L > L0

It is important to notice that the
−→
Tar should not significantly

change when the drone is around the trajectory with a small

”Path error” and should quickly react with a large ”Path

error”. For our system, n= 4 and L0 = 0.5 m has been chosen.

Fig. 12. Compensation strategy for the quadrotor.

The tuning of the controllers are implemented using Fre-

quency Response Toolbox (FRTool) [20]. The following con-

trollers were designed for navigation tasks:

Cdotx(s) = 0.45(1.64s+1)

Cdoty(s) = 0.45(1.64s+1)

Caltitude(s) = 4

(8)
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VI. EXPERIMENTS AND RESULTS

The virtual environment is developed in order to monitor

on-line and facilitate off-line tests of the quadrotor navigation

tasks. The prime principle of the virtual environment in this

study is presented in Fig.13. In this figure, the comparison

between the virtual environment (left) and actual environment

(right) is shown. When the drone detects the real obstacle

in actual environment, that one is displayed in the virtual

environment as brown box. Then it is automatically enlarged

into yellow box to create the safety area for the drone. The

start point, the target and the dimensions of the working space

are also shown in the virtual environment.

Fig. 13. Virtual vs. Actual environment in the real-time experiment.

The results obtained with pattern-based localization, MPFM

and PD control in the real system are presented in Fig. 14.

The bounded rectangle presents the walls of indoor working

environment. The red obstacles are known obstacles and the

black one is unknown obstacle. The quadrotor detects and

avoids the obstacles successfully. The black path is reference

path obtained by MPFM and the blue one is real path obtained

by experiment. It is possible to observe that the quadrotor has

few deviations to the desired trajectory, acceptable overshoot

at the moment of performing sharp bends.

Fig. 14. Real-time obstacle avoidance of the AR. Drone 2.0 with pattern-
based localization, MPFM and PD controller.

VII. CONCLUSION

In this study, we have presented the path planning approach

for a low-cost commercial AR. Drone 2.0 during indoor flight

using only on-board visual and internal sensing. The approach

consists of three fundamental elements: pattern-based ground

for localization, proposed potential filed method for path plan-

ning and PD controller for motion control. The proposed mod-

ified potential filed method (MPFM) enables to solve the non-

reachable target problem and successfully avoids unknown

obstacles. In addition, the virtual environment is designed to

monitor on-line and test off-line the quadrotor navigation. The

performed tests using the virtual environment and real-time

experiment demonstrate the feasibility of the proposed strat-

egy, which opens new possibilities of autonomous navigation

for the mobile agent in complex known and unknown indoor

environment. For future work, the approach is expected to be

implemented in a dynamic working space.
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