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Abstract 
Communication is vital in order to coordinate 

rescue and clean up efforts should an event eliminate 
the most common infrastructure, such a cell tower 
and phone lines, in a region. One of the most 
effective ways to set up an alternative communication 
system without relying on traditional methods would 
be to attach a temporary system to airships floating 
above the region. However, an inherent problem with 
airships is keeping them in the desired area with the 
correct orientation. This paper compares two 
different airship control methods, namely fuzzy logic 
and classic controllers, to navigate the balloon while 
hovering over a region in order to reestablish 
communication. A dynamical model of the airship in 
the presence of air friction is shown, and simulations 
are done using MATLAB Simulator. 

Introduction 
When a natural catastrophe, e.g. hurricane or 

earthquake, affects a region, cellular communication 
may cease and towers can be damaged, causing the 
loss of vital communication at a time when it is most 
important. Hence, it is essential to rapidly deploy a 
replacement system independent of infrastructure to 
facilitate communication among rescuers, enabling 
aid to distressed people and expediting recovery 
efforts. This research considers an airborne 
communication network that can be rapidly deployed 
to establish a replacement method of communication. 
There is immense potential in utilizing robotic 
airships as low speed, low altitude aerial vehicles in 
exploration and monitoring tasks. Blimps have 
several useful properties, including ease in hovering, 
reduced fuel consumption and less noise. Unmanned 
blimp systems have recently been used for 
advertisements and atmospheric analysis. Unmanned 
aerial vehicles (UAVs) play an important role in 
military reconnaissance and surveillance missions, 
and agencies such as NASA are employing aerial 

vehicles as platforms for environmental and climate 
research.  

Airships provide some of the most effective 
platforms for research because they are able to hover 
over an area and make observations for an extended 
period of time without disturbing environment. 
Airships generate little vibration thereby reducing 
sensor noise and hardware malfunction. Also, they 
can take off and land vertically without runways. 
Airships can also reach anywhere so that remote or 
difficult to access regions can be monitored. They 
have a large payload capacity and have low operation 
cost [1].  

In light of the aforementioned benefits, 
controllable balloon studies are of great importance 
for rapidly deployed airborne communication 
systems. In this paper we compare the performance 
of two methods applicable for controlling the position 
and direction of communication balloons. The first is 
a feedback linearization controller, which is 
categorized as one of the classic methods in control. 
The second is a fuzzy logic controller, commonly 
used when the exact conditions of the model are 
unknown.  

Related Works 
Previous research with regard to balloon control 

exists in the literature. Physical principles of airship 
operations using nonlinear dynamics to control 
several flight phases from takeoff to landing are 
described in [2, 3]. Also, Zhang and Ostrowski [4] 
use a vision-guided blimp combined with a classical 
PID controller. Furthermore [5] discusses image-
based tracking control for an indoor blimp, while 
Wyeth and Barrons [6] present a low level reactive 
controller. A learning algorithm has been presented 
in [7], which does not assume prior knowledge about 
dynamics or pre-defined controller. Instead, it 
develops the control policy online and does not 
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require a-priori information about the payload, 
temperature or air pressure.  

Time delay and disturbance are two challenges 
when controlling a blimp. State predictive control can 
be applied to an autonomous blimp in the presence of 
time delay and disturbance [8]. In that work, model 
predictive control (MPC) has been applied to an 
autonomous blimp, and an indoor flight experiment 
has been applied to an autonomous blimp to evaluate 
its effectiveness. With focus on position control, a 
constrained MPC for an autonomous blimp has been 
discussed in [9]. Image processing and vision-based 
techniques are common for tracking mobile blimps 
[10]. Image-based tracking control of an aerial blimp 
is proposed for surveillance systems. In this scenario, 
the controller is designed by back-stepping 
techniques for under-actuated systems. 

In this paper, the classic and fuzzy controllers 
are simulated and compared to determine which 
controller best fit to maintain position and orientation 
for balloon-to-balloon optical communication. This is 
a work in progress to develop a fast deployable 
wireless optical/RF hybrid communication system 
using airships. 

System Model and Dynamics  
Once communication in a defined area is 

disrupted, a group of balloons will be launched to 
restore communication. The balloons must maintain a 
specified distance from each other. Because the 
balloons are equipped with optical transceivers—
enabling higher data rate than RF—orientation is 
vital for sustained communication between balloons. 
The controllers investigated in this paper simulate a 
single balloon reaching a certain position and 
maintaining its orientation in spite of adverse wind 
condition.  

The balloon will be equipped with a GPS for 
position and an electronic compass for direction. 
Also, the balloon is equipped with a 3-axis 
accelerometer to measure small changes in position. 
The propulsion system consists of three propellers 
assembled at either side of the center of gravity and 
at the tail. Propellers use three brushless motors and a 
motor speed controller. 

Figure 1 shows a model of the balloon used in 
this paper. As shown, the balloon used in the 
unmanned airship system has three propellers—two 

assembled at either side of the center of gravity of the 
balloon and one at the tail. We assume the forces of 
these propellers operate only the horizontal direction. 
In Figure 1, x and y denote the position of the center 
of gravity of the balloon, and θ  denotes the angle 
from x axis to the direction of movement of the 
balloon [11]. For simplicity we also assume that the 
balloon is a rigid body and has no rolling, no pitching 
and no vertical movement. 

 

Figure 1. A Model for the Balloon 

The parameters shown in Figure 1 are defined as 
follows: 

- u1 and u2 and u3: [N] thrusts of the propellers 

- h and l: [m] the distance from the center of 
gravity of the balloon to either side of the propellers 
and from the center of gravity to the back propeller. 

The dynamical equations are derived as follows: 
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The parameters in the equation (1) are defined as 
follows: 

- m: mass of the balloon. 

- J: [kg.m2] the moment of inertia around the 
center of gravity of the balloon. 

- fxf  and fyf : the force of air friction for the x 
and y axis respectively. A simple air friction is used 
to using the following model:  

                                     2
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where ρ  is the density of the fluid. (Note that for the 
earth's atmosphere, the density can be found using the 
barometric formula: 1.293 kg/m3 at 0 °C and 1 
atmosphere). Also,  v  is the speed of the object 
relative to the fluid; A  is the reference area; and C  as 
a dimensionless parameter is the drag coefficient. 
The balloon position (i.e. x and y) will be provided 
by GPS receiver, while the direction θ  will be given 
by the onboard electronic compass. 

The performance is evaluated to accomplish two 
objectives:  1.) the ability to navigate the balloon to 
pre-specified destination 2.) the ability to maintain 
balloon orientation in presence of wind disturbance. 

Feedback Linearization Controller 

A. The Theory 
In recent years, feedback linearization to 

nonlinear control design has attracted the attention of 
researchers. The goal is to algebraically transform 
nonlinear systems dynamics into full or partial linear 
systems so that linear control techniques can be 
applied. This paper does not discuss the concept of 
this method, as valuable details can easily be found in  
related works (e.g. [12]). This paper deploys a 
feedback linearization controller for the balloon 
system as a classic controller. Corresponding results 
are be presented.  

The method may be applied to nonlinear 
systems of the form: 
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where nRx∈  is the state vector, pRu∈  is the vector 
of inputs, and mRy∈  is the vector of outputs. By 
applying the Lie Derivative [12] to the output, we 
get: 
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gL  and fL  are Lie derivatives for g and f 
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But if 0)( ≠uxhLL fg , we must continue to apply 
the Lie Derivative until u appears in the equation: 

uxhLLxhLy fgf )()( 1−+= ρρρ                                  (6) 

where n<< ρ1 . Then the control effort signal 
will be given by 
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where v is a linear PD controller. In our system 
the final control effort is defined as follows: 
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where Kp, Kd, e and 
.
e are defined as follow: 
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In this equations, dx , dy  and dθ  are the desired 
position and angle of the balloon and yx,  and θ  are 
the current position and angle. The matrix G is 
nonsingular for any value of yx,  and θ . By 
calculating the determinant of the matrix G in (8) we 
have [2]: 

2

2}det{
Jm

hG −=
 

Since h is not equal to zero for any value of yx,  
and θ , det{G} cannot equal zero. Thus, the matrix G 
is nonsingular for any value of yx,  and θ . 

B. Simulation 
A control system based on feedback linearization 

technique has been developed and applied on the 
balloon system. The control scheme is shown in 
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Figure 2. In this figure, dy
r

 is a matrix of desired 

signals or our reference point and py
r

 is the current 
position of balloon. The vector u

r
 is the output of the 

controller. Disturbance on the balloon is due to only 
to wind. Its effect on the balloon is simulated as force 
with changing magnitude and direction. Simulation 
results for this controller are presented in Figures 3-6: 
one showing a block diagram, one the trajectory of 
the balloon, while others illustrates the angle and 
control effort signals applied on the propellers u1, u2, 
and u3. 

 

Figure 2. Control Diagram 

 

Figure 3. Block Diagram of Airship’s 
Sensors/Actuators 

 

Figure 4. X-Y Trajectory 

Note that the effect of wind simulation took into 
consideration the fact that the wind’s direction and 
force are not constant. It can be inferred from 
Figures 3 and 4 that the balloon is able to achieve the 
desired point after approximately 10 minutes. At this 
interval, a small amount of power still exists a on the 
propellers. Changes on the control effort signals are 
within acceptable range and converge. 

 

Figure 5. Angle (θ)  

 

Figure 6. Control Efforts (u1, u2, u3) 

Fuzzy Controller Description 

A. The Principles 
Balloon Model has unknown parameters, thus 

require a sophisticated design. A fuzzy logic 
controller is a good choice for systems with 
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parametric perturbation. However, the system 
requires substantial knowledge and experience from a 
skilled operator. The controller must have the 
capability to immediately correct any errors detected 
in the system. (Interested readers may find useful 
information about fuzzy logic control in [13, 14].) 

In the control system researched in this paper, 
the control procedure is divided to two parts or sub-
controllers, such that the controller may use one in a 
given time. The first is for navigation and is used 
from the place of origin until the desired point is 
achieved. The corresponding sub-controller attempts 
to direct the balloon to the destination at the desired 
point. The second is designed for orientation 
purposes, which denotes the direction of the balloon 
after reaching the desired point. Since the balloon 
should maintain a directional wireless 
communication system, this latter task is an 
extremely important factor in the design. 

 Data received from sensors attached to the 
balloon goes to the controller, where it converted into 
fuzzy variables. This function is called the 
fuzzification process. The fuzzified data then goes 
through a set of if-then rules in an inference engine, 
which results in fuzzy outputs that are converted back 
to a crisp value through a process called 
defuzification by the weighted average method [15]. 

Defining the membership functions for 
input/output variables is the first step for 
fuzzification. A membership function is a graphical 
representation of the magnitude of participation for 
each input. It associates a weighting with each of the 
inputs that are processed, defines functional overlap 
between inputs, and ultimately determines an output 
response. Some control rules are required to use the 
input membership values as weighting factors to 
determine their influence on the fuzzy output sets of 
the final output conclusion. Once the functions are 
inferred, scaled, and combined, they are defuzzified 
into a crisp output, which drives the system. Different 
membership functions may be associated with each 
input and output response [14]. 

In this paper, three and five membership 
functions with triangular shapes are considered for 
each input and output variable, respectively. They are 
illustrated in Figures 7 and 8. Different states are 
assigned to controlled variables to represent the state 
of each variable. The values of states might be Small 
(S), Normal (N), Big (B) and for the control efforts 

might be Negative Big (NB), Negative Small (NS), 
Normal (N), Positive Small (PS) and Positive Big 
(PB). The instructions which determine the relation 
between controlled variables and control efforts are 
denoted above as control rules.  

The input errors for navigation system are 
xxd − , yyd −  , θθ −′d and θθ && −d ; which dθ ′  is the 

angle between the current position of the balloon and 
the desired point,  and for the orientation system the 

inputs are θθ −d and 
..
θθ −d . Rules are generated 

based on the number of inputs for navigation 
controller 8134 =  rules and for the orientation 
controller 932 =  rules. The rules defined for the 
orientation control are listed in Table 1.  

Table 1. Control Rules for Orientation 

Rule # θθ −d  θθ && −d  1u  2u  
Rule1 S S NS PB 
Rule2 S N S B 
Rule3 S B N N 
Rule4 N S S B 
Rule5 N N N N 
Rule6 N B B S 
Rule7 B S N N 
Rule8 B N B S 
Rule9 B B PB NS 

 

Figure 7. Membership Function of Input 
Variables 
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Figure 8. Membership Function of Output 
Variables 

Finally, the control efforts can be formulated by: 
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By applying control effort signals in (8) to the 
balloon, the simulation results for this controller can 
be shown as in Figures 9, 10 and 11. The simulation 
has been done in the presence of wind. The wind’s 
direction and magnitude is not constant. As shown in 
Figure 9, balloon is able to achieve the desired point. 
The oscillation of the control efforts in Figure 11 at 
the beginning are less than the classic controller in 
previous section. It can be concluded that this 
controller can work best if there is any limitation in 
the real control efforts; however, its total 
performance is not as good as the classic controller in 
the presence of the wind disturbance. 

 

 

Figure 9. XY Trajectory 

 

Figure 10. Angle (θ) 

 
Figure 11. Control Efforts (u1,u2) 
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Result Discussion 
The results shown in the balloon trajectory, 

controller efforts, and response timings per tested 
controller scheme are discussed in this section. When 
the classical controller with feedback linearization is 
used, faster response time is achieved comparing to 
when a fuzzy controller is used. A fast response 
makes the system faster to reach its steady state in the 
presence of disturbance, as shown in Figures 4-6. 
Using classical controller, the balloon flight time to 
destination located at 316 meters (300m,100m) away 
is simulated to be 300 seconds. It is observed that the 
balloon is not able to arrive at the exact destination 
due to wind disturbance. The position error is limited 
to between 3 and 4 meters. No position error is 
observed with no wind disturbance. The controller is 
able to place the balloon on the destination. On the 
other hand, the fuzzy controller arrives at destination 
in approximately 420 seconds.  

The models used in the simulation are selected 
to be simple: 2nd order balloon dynamic model, 
velocity-squared friction model, and non-constant 
force for wind disturbances.  Hence, the classical 
controller out performed the fuzzy controller. 
However, the uncertainties in a practical balloon 
navigation and deployment may make the classical 
controller under perform, while fuzzy controller may 
perform better with the uncertainties.  

Both controllers use the same hardware for 
collecting attitude data and navigation the balloon. In 
terms of the MATLAB simulation time, the fuzzy 
controller requires more time to compute control 
efforts, while the classic controller does the 
computation much faster. 

Conclusion  
This paper considers a controllable airborne 

platform to employ a wireless communication 
network that can be rapidly deployed to establish 
communication service in a distressed area. The 
performance of two alternative controllers (classic 
and fuzzy) for balloon navigation is analyzed and 
simulated using MATLAB. The simulation results 
indicate that the classical controller out performs the 
fuzzy controller in achieving destination with 
approximately 120 seconds less.   
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