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Abstract: This paper studies the leader-follower formation control for multiple quadrotors. Two controllers are used. The 
first one is a proportional derivative controller used to ensure the tracking of the leader to the desired trajectory, while the 
second is based on fuzzy logic in order to achieve the desired formation in ! − ! plane with equal height (!) for all fol-
lower quadrotors. In order to ensure the speed time convergence of the formation shape, Genetic Algorithm is used online 
to tune the fuzzy logic controller parameters. This genetic algorithm is also used to predict the trajectory of the quadrotor 
leader in the case of communication failure between leader and follower quadrotors by online estimation of the least 
square coefficients. Proportional derivative controller is used again to keep the desired formation shape of the follower 
quadrotors. Finally, simulation results demonstrate the effectiveness of the proposed algorithms. 
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1. INTRODUCTION 

Formation control of multi-agent systems has become the 
interest of many researches in the world [1, 2]. It presents 
many advantages such as robustness, lower cost, and the 
increasing of probability success [3, 4]. In the literature dif-
ferent architectures and strategies have been proposed, such 
as behavior-based, virtual structure, potential field and leader 
follower. 

In this paper we propose an algorithm based on leader 
follower architecture. This technique is the most popular due 
to its simplicity in implementation [5]. Due to the different 
advantages of quadrotors, tracking formation control for 
multiple quadrotors has become the interest of many re-
searches in the world. In [6], the sliding mode controller is 
used to guide the law for the heading control of the leader 
unmanned aerial vehicle (UAV), while for each follower, 
heading rate controller is developed to achieve a circular 
formation around the leader. In [7], the leader UAV is con-
trolled to follow a predefined path by using waypoints, then 
based on Linear Quadratic Regulator (LQR) and neural con-
trol the follower UAVs are commanded to fly with a three-
dimensional offset with respect to the leader. In [8], based on 
the bounded input, the tracking of small quadrotors is stud-
ied. In [9], the formation of UAVs is achieved by using the 
measurement of the inertial position of each follower and 
also the position of leader. In [10] based on linear propor-
tional derivative and sliding mode controller, flight for-
mation control for leader follower quadrotor is presented, it 
is tested in real application and it shown a good results. 
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Based on the work [10], in this study, ! − ∅ control is 
proposed to ensure the formation of multiple quadrotors. 
Two controllers are used. First, PD controller is used to en-
sure the tracking of the leader to the desired trajectory. PD 
controller provides high sensitivity and tends to increase the 
stability of the system. The second controller is based on 
fuzzy logic. It is used in order to achieve the desired for-
mation in ! − ! plane with equal height (z) for all follower 
quadrotors. FLC shows a good result in tracking control of 
robots [11], helicopters [12, 13]. FLC has many advantages 
such as simplicity of control, low cost and the possibility to 
design of controller without the exact knowledge of the 
mathematical model of the controlled system. Finally, PD 
controller is used again to keep the desired formation shape 
of the follower quadrotors. 

The success of the FLC controller to achieve a formation 
shape of the team of quadrotors in a possible short time de-
pends on an adequate choice of the FLC parameters. For this 
reason we use the genetic algorithm to tune online these pa-
rameters for each follower. GA presents many advantages 
over other mathematical programming techniques [14]. GA 
is a robust optimization technique because it ensure a gradu-
al increasing of a good solution and it has lower chance to 
converge into local minima. 

In the leader follower approach, if the communication be-
tween the leader and the follower is failed, the formation 
cannot be maintained and consequently the quadrotors will 
be crashed which is not taken into account in our previous 
work [15]. To overcome to this problem, many prediction 
techniques are presented in literature such as artificial neural 
networks (ANN), linear and nonlinear least square tech-
niques. ANN provides a good result in real applications [16, 
17], but it is more complex due to the network structure 
which generates more time in running. One good and  
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suitable solution in our case is the use of GA to estimate the 
least square parameters. Using GA with small population 
size and repeating experiments many times reduces the run 
time compared to the ANN which is suitable in real time 
application. In [18, 19], authors estimate the least square 
parameters by finding the smallest fitness function, after that 
the corresponding parameters will be selected. Satoshi et al. 
used the multiple GA to estimate the least square parameters; 
authors focus on the initial (minimal and maximal) of each 
parameter different to another, and finally the algorithm se-
lect the best parameters according to the best fitness function 
of multiple GA used in the algorithm [20]. In our study and 
in order to maintain the formation shape between quadrotors 
even the communication between the leader and followers is 
failed, we propose an algorithm based on GA to estimate 
online the least square parameters by minimizing the sums of 
squares of residuals between the estimated function and ex-
perimental data.  

2. QUADROTOR DYNAMIC MODEL 

In this paper, we consider the model dynamic of quad-
rotor Fig. (1) based on Newton-Euler approach.  

The dynamic model is presented as in [21]: 
!  !  !!(!"#$#%&'!"#(!!"#$!"#%)
!  !  !!(!"#$#%&'#%&(!!"#$%&!')
!    !  !! !"#$!"#% !!                                                          
!  !  !!!                                                                                                                  

      !    !  !!!                                                                                                                          
  !  !  !!                                                                                                                        

   (1)  

 (!, !, !)!Corresponds to the relative position of the mass 
centre of the quadrotor with respect to an inertial coordinate 
frame.  

! is the gravitational acceleration. ! is the length from the 
mass centre to the rotor, (!, !,!)!denotes the three Euler 
angles that represent the attitude of the quadrotor, namely 
roll-pitch-yaw of the quadrotor.  

These angles are limited by: 
 

 

 – !
!
< ! < !

!
,− !

!
< ! < !

!
!"# − ! < ! < !. 

!! is the thrust force vector in the body system, !!, !! 
and !! correspond to the control inputs of roll, pitch and yaw 
moments, respectively. 

3. CONTROLLER DESIGN 

In this section, two controllers are designed to ensure the 
tracking and the formation for multiple quadrotors, respec-
tively. 

3.1. Tracking Controller 

A simple PD is used to ensure the tracking of the desired 
trajectory by the first quadrotor designated as leader. This 
controller will be used again to ensure the keeping of for-
mation in ! − ! plane. The controller can be expressed as:  

!! = !!!! +   !!!!  (2)  

 With !! and !! are the error and the error derivation in i-
th direction. !! and !! are the propositional and derivative 
gains, respectively. 

3.2. Formation Controller Design  

The formation control is ensured by keeping a fixed dis-
tance ! and a fixed deviation ∆! between the leader and the 
i-th follower quadrotor (Fig. 2).  

Now, considering ! quadrotors. In our study we consider 
that the quadrotors have the same translational dynamic 
model in ! − ! plane. It is given by the following system 
[10]: 

    
!! = !!" cos !! − !!" sin !!
!! = !!" sin !! +!!" cos !!   
!! = !!                                                                                       

   (3)  

 

Fig. (1). Quadrotor configuration.  
Fig. (2). Position and orientation of the leader and follower quad-
rotors in (! − !) plane [10]. 
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Where: !!" and !!"  are the velocity component in ! and ! 
directions, respectively. 

 !! is the angular velocity for the yaw angle ! . 

3.2.1. Distance and Angle Controller 

The distance controller is used to compute the two linear 
velocities !! and !! in ! and ! direction, respectively.So, we 
can write :  

  !! = !!!"#(!"!)  (4) 

With !! is positive constant, and ! represents ! or ! di-
rection. 

The angle controller is used to calculate the angular ve-
locity (w) for the yaw angle in order to maintain a fixed de-
viation angle between the leader and follower quadrotors. So 
we can write: 

 ! = !!!"# ∆!,!"   (5) 

With !! is positive constant.  
The distance and the angle deviation between the leader 

and the follower quadrotors (Fig. 2) can be expressed as: 

! = !!! + !!!

!" = !! − !!                        
!" = !! − !!                          
∆! = !! − !!                        

  (6) 

The distance and angle errors between leader and follow-
er quadrotor are given by: 

!" = !!"# − !  
!" = ∆!!"# − ∆!  

   (7) 

Where:   !!"# , ∆!!"#  are the desired distance and angle 
separation between the leader and follower quadrotors, re-
spectively.  

The position and angular errors are represented by seven 
linguistic fuzzy sets (NB Negative Big, NM Negative Medi-
um, NS Negative Small, ZE Zero, PS Positive Small, PM 
Positive Medium and PB Positive Big), with the membership 
shown in the Fig. (3) and Fig. (4), respectively. 

The two velocity components in the ! and ! directions 
(!!" and !!") are considered as the control variables of the 
quadrotor. They are also presented by seven linguistic fuzzy  
sets (NB,NM,NS,ZE,PS,PM,PB), with the membership 
shown in the Fig. (5) 

The defuzzification strategy is implemented by the 
weighted average method. The output of the controllers can 
be given by:  

! = !!(!!)!!
!
!!!

!!(!!)!
!!!

   (8) 

u can present one of the two linear velocities !! or !! and 
can also presents the angular velocity !. 

!! is the support of each fuzzy set. !! !!  is the member-
ship function value of each rule  ! and N is the number of 
control, !! is the level activation of rule i j.  
N =7 for the linear velocities control (Table 1).  

N =49 for the angular velocity control (Table 2). 

 

Fig. (3). Membership function for ! and ∆!. 

 

 

Fig. (4). Membership function for  !". 
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3.3. Optimization 

In this section, we use the genetic algorithm to tune 
online the FLC parameters (!! ,!!  ,!!) for each follower.  

3.3.1. Genetic Algorithm GA 

After the fixation of the range variation of scaling factor 
(minimal and maximal values), an initial random population 
of individuals will be generated, then a fitness function for 
each chromosome is calculated. The reproduction is reserved 
only for the fittest individuals. After that, it breeds new indi-
viduals through different genetic operations of crossover and 
mutation. The operations will be repeated until the achieving 
the convergence criterion. 

3.3.2. Optimization 

 In this section, we interested to tune the FLC parame-
ters (!! ,!!  ,!!) by using GA. For better time convergence 
of the formation control errors, GA is online used.  

In this case, we defined the fitness function !! as:  

 !! =   !! + ∆!!.  (9) 

With: !! = !! − !!! + !!!  and ∆!! = !"! − !"  are 
the distance and the orientation errors between the leader and 
follower quadrotor, respectively. 

In this algorithm and different to the static technique, for 
each iteration of algorithm, a best function is selected and a 
best controller parameters correspond to this function are 
also selected and online injected in the controller (04) and 
(05). The same procedure will be repeated until the n-th iter-
ation. 

3.3.3. Estimation of Leader Trajectory Using Least Square 

In this section and in order to overcome to the communi-
cation failure problem, we propose an algorithm based on 
GA in order to estimate online the least square parameters.  

Let the estimated nonlinear function !  takes the follow-
ing form: 

 ! = !! + !!! + !!!! +⋯+ !!!!  (10)  

with !! are the coefficients will be estimated. 

In order to estimate the different parameters, we use GA 
as described in section (3.3.1) by choosing the fitness func-
tion as the sum of nonlinear least square: 

!! =
!
!
( (!−!!!!)!!

!!! )   (11) 

4. SIMULATION 

The proposed formation control has been simulated for 
the case of three quadrotors (one leader and two followers).  

The controllers’ objectives are: 

 First: The desired trajectory tracked by the leader is de-
scribed by: 

 !!" = !,  !!" = cos  (t), !!" = 5!  !"#  !!" = 0.  

Second: The formation and the keeping of formation by 
the followers described by the desired distance and deviation 
angle to the leader:  

Follower 1 :
!! − !!! = 2  
!! − !!! = −1 , !!!" = √5   meters 

and  ∆!!"#!" = 0  

Follower 2: 
!!−!!! = 2
!!−!!! = 1 , !!!" = √5   meters 

and  ∆!!"#!" = 0 . 

The controller parameters for the first and second follow-
ers are taken as: 

!!! =   5,!!! =   8,!!! =   0.09 

!!! = 5,!!! = 8,!!! = 0.09   

The length from the mass centre to the rotor ! is taken 
! = 50!" and the gravitational accelearation ! = 9.81  !/
!!. 

The different simulations are depicted from Fig. (6)  
to Fig. (15). 

Fig. (6) depicts the trajectories of the position !(!) for 
the quadrotors. The trajectories of the leader and follower 
quadrotors in (! − !) plane (Desired formation) are depicted 
in Fig. (7), while the distance and the angle errors between  
  

 

Fig. (5). Membership function for  !! , !! and !. 
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Table 1. Rule table of distance controller. 

EDx, EDy   NB   NM   NS   ZE   PS   PM   PB  

!",!"   !"   !"   !"     !"   !"   !"   !"  

 
Table 2. Rule table of angle controller. 

 NB NS NM ZE PS PM PB 

NB PB PB PB PB PB PS ZE 

NS PB  PB PM PM PS ZE NS 

NM PB PM PS PS ZE NS PB 

ZE PB PM PS ZE NS NM NB 

PS PB PS ZE NS NS NM NB 

PM PS ZE NS NM NM NB NB 

PB ZE NS NB NB NB NB NB 

 

 
Fig. (6). Trajectories of leader and follower quadrotors in ! direction. 

 
Fig. (7). Trajectories of leader and follower quadrotors in ! − ! plane before optimization. 
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Fig. (8). Distance error between leader and follower quadrotors before optimization. 

 
Fig. (9). Angle error between leader and follower quadrotors before optimization. 

 

 
Fig. (10). Trajectories of leader and follower quadrotors in ! − ! plane by offline optimization. 
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Fig. (11). Distance error between leader and follower quadrotors by using offline optimization. 

 

 

Fig. (12). Angle error between leader and follower quadrotors by using offline optimization. 

 

 
Fig. (13). Trajectories of leader and follower quadrotors in ! − ! plane by online optimization. 
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Fig. (14). Distance error between leader and follower quadrotors by using online optimization. 

 

 
Fig. (15). Angle error between leader and follower quadrotors by using online optimization. 
 

leader and follower quadrotors by using the fuzzy logic con-
troller are depicted in Fig. (8) and Fig. (9), respectively. 

By applying GA, the minimal fitness function is equal to 
!! = 0.98 

And the FLC parameters corresponding are given by: 

Follower1: !!! =   5.68,!!! =   7.24,!!! = 0.53 

Follower2: !!! =   6.29,!!! =   4.59,!!! = 0.53 

In online case, the fitness function and the corresponding 
parameters are variables. 

Fig. (13), Fig. (14) and Fig. (15) show a good perfor-
mances in terms of convergence speed of the tracking errors 
and time achieving of the desired formation by tuning online  
 

 
 

the FLC parameters compared to the offline case which is 
depicted from Fig. (13) to Fig. (15).  

Now, we interrupt the communication between the leader 
and follower quadrotors between t=10 and t=15seconds.  

In offline case, the parameters founded in x-direction are 
given by: !! = −0.0384, !! = 1.0087 and the correspond-
ing fitness function is equal to !!! = 0.0258. 

In y-direction, the parameters are given by:  
!! = 0.90, !! = 0.38, !! = −1.02, !! = 0.2,   and the 

corresponding fitness function is equal to !!! = 3.48 
In online prediction, the formation shape is achieved very 

quickly and the parameters are variables and the fitness func-
tions are also variables for each iteration which ensure the 
best result in term of fitness function compared to the online 
prediction case. 

 
 

0 2 4 6 8 10 12 14 16 18 20
-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

t(sec)

E
D

(m
)

 

 
Distance Error Leader-Follower 1
Distance Error Leader-Follower 2

0 2 4 6 8 10 12 14 16 18 20
-2.5

-2

-1.5

-1

-0.5

0

0.5

t(sec)

E
A

(ra
d)

 

 
Angle Error Leader- Follower 1
Angle Error Leader- Follower 2



850    The Open Automation and Control Systems Journal, 2015, Volume 7 Abbas and Wu 

CONCLUSION 

This paper addressed the problem of leader follower for-
mation tracking control for multiple quadrotors. An effective 
algorithm based on fuzzy logic and proportional derivative 
controllers oriented by genetic algorithm is proposed. 

The proposed algorithms present two advantages, first, 
the speed of convergence of the tracking errors and time 
achieving of the desired formation by online tuning the fuzzy 
logic controller parameters. Second, the proposed algorithm 
can overcome to the communication failure between the 
leader and the follower quadrotors by online estimation of 
least square parameters, which is very interesting in real ap-
plications. 

With the controller designed in this study, a collision 
might occur between quadrotors. Our future works will in-
clude the design of a potential function which will be added 
in the controller then we will attempt to implement the dif-
ferent algorithms in real application. 
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