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A Abstract—The UAVs (Unmanned Aerial Vehicles) are 

aircraft used in applications that requires great capacities to 

operate in harsh environments. They include efficient tools to 

support the development, security and defense of a country. To 

guide the navigation while generating the route and stabilization 

of these vehicles, a control algorithm is applied in order to direct 

and stabilize the aircraft. A generic control system to drive the 

aircraft is used which considers electronic, mechanical and 

aeronautical aspects for their operation. 

The unmanned aircrafts need a navigation system that must be 

designed using variant or invariant time control methods that 

must be efficient in their operation. This work shows the results of 

the application of a control algorithm that includes an inertial 

platform with a GPS actualization to navigate and control the 

unmanned aircraft. The designed system was tested considering 

different weather conditions in the free space, which shows 

satisfactory results that predicts their future use. The hardware 

and software of the stabilization system of the aircraft is a result 

of the Ecuadorian researchers team work. 

 Index Terms — Control Algorithm, Inertial Stabilization, 

unmanned aircrafts, GPS actualization, aircraft control.  

I. INTRODUCTION 

he instrument navigation based in generic technologies 

differs from sensor dependent and open technologies 

navigation systems. Inertial navigation uses measuring 

instruments like accelerometers, gyroscopes and 

magnetometers, they allow aircraft navigation to support the 

stabilization, guiding and control of the system [1]. 

The inertial or estimating navigation needs the real time 

response of the aircraft by using the real time measurement in 

the place where the UAV is operating. This situation needs a 

fine driving of the actuators which are guided by the variables 

that shows the situation of the aircraft1. 

The functions of the control module include a great degree of 

the aircraft’s operating regulation that need to consider the 

speed of the aircraft and the control’s memory. The program 

that processes the aircraft speed uses more than 20000 
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instructions per second and requires a minimum system 

memory of 500 kBytes that is one of the strengths of the system. 

Due to the fast response required of the UAVs, it is necessary 

to use processors that must work simultaneously to distribute 

the processing load that the sensors and the systems variables 

use. The selected method for operation is the inertial navigation 

system that includes different instruments like speed meters, 

altimeters, GPS and others [2]. 

One of the main problems related to this kind of navigation 

is the position and the distance that runs the aircraft, therefore 

the information that the sensor presents is used to calculate and 

determine the position which is related with the GPS updating 

of the UAV. The dead time can be eliminated by introducing a 

predictive model considering a route where the aircraft must be 

directed [3]. 

Inertial navigation is an alternative method to navigate using 

a GPS. This method has the advantage of being more precise 

but requires additional time to process the data. The processing 

is more complex when the conditions include disturbance 

problems, which in many situations could be disastrous. 

Related work to this research is done in [4] where a procedure 

for certifying the effects of noise in an Aircraft and predicting 

the full scale over-flight noise of a propeller is done. This 

work’s testing considers measurements using a small scale 

propeller in an acoustic wind tunnel. Data manipulations are 

discussed considering the simulation of the flight distance. 

In [5] there is a study about a target tracking control of a 

Quadroto UAV using vision sensor, [6] considers the hovering 

capture and load stability of an air system, [7] presents the 

autonomous indoor aerial using a quadrotor, [8] shows the 

mechanical design of a manipulation system for unmanned 

aerial vehicles and [9] presents a hybrid pose / wrench control 

framework for quadrotor helicopters. 

This work presents the results of the application of the control 

algorithm, used to stabilize the aircraft considering the 

mechanical plant that is invariant in time and the control 

criteria. 
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II. UAV STABILIZATION 

However, it is important to consider that any aircraft is able 

to navigate in a predetermined route while arriving at the 

specified targeted point. The aircraft must navigate in a stable 

mode following predefined patterns to assure that the airship 

doesn’t make any roll or can get loss of compensation [10]. This 

work uses an UAV with a 3m wing span, 80 km/h of cruise 

speed, 10 pounds of load, 12000 ft. of maximum height, a 25km 

of maximum distance and 30 minutes of autonomy. 

A. UAV stabilization as function of the inertial platform 

The general scheme for the aircraft stabilization is done by 

considering the required speed and accuracy of the movement 

of the aircraft planes as shown in Figure 1. 

Input and output data are used to identify the system plant. 

The plant can take different characteristics according to the 

planned control, for this reason the parameters of the plant 

(Flight Planes) are taken as independent and they are linked 

whenever a navigation is done. The model is considered as 

invariant in time to simplify the design of the controller. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 1. General scheme of an UAV 

 

For inertial navigation, stability is included considering a 

linear reference point for every sampling period, which 

involves the reference point monitoring as a direct function of 

the gyroscopes. Because the GPS information can be updated 

every time period, it must be considered a control policy 

between each time interval in which data updating is no 

available so the data that generates the GPS can update the set 

points at each sampling period, [11] therefore the control is 

treated as LTI [12]. The stabilization system acts during the 

time that the waypoints and references are not updated [13]. 

B. Control implementation for aircraft stabilization 

The control system used to guide the aircraft considers the 

plant output to drive the aileron and rudder servomotor. This 

control takes into account the spoiler that aims to put the 

waypoints far enough apart considering internal navigation 

angles greater than 120 degrees. Control systems can be 

provided by several control laws as SISO [14] or MIMO [15]; 

all depends on the desired control level, control heading is SISO 

type while a MIMO control type was selected for controlling 

the aircraft height. The monitored variables are height, angle of 

attack, speed of the aircraft and engine acceleration. 

C. Heading control with azimuth. 

 Due to the type of navigation applied to automatic flights, 

the usage of the GPS update is required during the period in 

which no continuous GPS data update is handled, stability is 

very important in this situation [16].  The stability control has 

its variable reference for specific times and the flight plant acts 

according to the waypoints where the aircraft must navigate. 

Stability can be implemented under any control type as it 

takes into account the fact that when integral actions are used, 

it should consider the saturation error criteria. The proposed 

solution includes a PID control [17] with a pole increased by a 

saturation feedback due to the integral section. The solution to 

this control should be considered because the moving planes of 

an aircraft must respond at the right time even when the system 

has been carrying long time errors due to disturbances. This 

could be more complex in bad weather conditions. 

Figure 2 shows the control structure for the stability of the 

aircraft’s moving plane. In this specific case we apply it to the 

heading control [18], the feedback is given by the inertial 

platform and its variable set point is given by the result of the 

azimuth calculation according to the Havrsine law. 

 

 

 

 

 

 

 

 

 

 
Figure 2. Control Heading Diagram 

 

Moreover, the additional pole that was introduced in the 

system develops a delay due to the integrated action of the 

controller, the included pole doesn’t affect the stabilization 

because the response of the system it is not fast. The technique 

of increasing a pole in the integral part of a PID control is 

known as Anti Windup [19] and changes the type of the control 

related to the conventional parameters. Calculations are shown 

below for the response of the controller. 
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Figure 3.Control response of the integral section of the PID controller for the 

disturbance and saturation for heading. 

The additional control element sets new calibration 

parameters that should be tuned only when the aircraft is in 

flight. Figure 3 shows the saturation time that was removed 

using a PID controller that includes an anti-windup control. 

Calibration depends on the dynamics of the plant because an 

aircraft do not have similar response to others. The calculus of 

the azimuth angle between two points is done according the 

Haversine formula which is used to update the reference point 

of the aircraft that is given by equation 13 which shows that 

values between −� and �. 

 =  sin � cos  Q =  cos sin  =  sin cos cos �  

 � = , −                                 
Where: 

θ: Azimuth between two geographical points. 

δlong: Length variation between two points. 

lat1: Latitude of the source point. 

Lat2: Latitude of the destiny point. 

 

It is necessary to get the angle in which the UAV is positioned. 

An inertial platform that shows the UAV reference point relative 

to magnetic north is used. The control scheme is simple because 

the system has one input and one output, it should be considered 

that the error is an angle and the output is a pulse width modulated 

signal (PWM). The output vector control is considered as a linear 

transformation.  

       

D. State Variables for aircraft height control using nonzero 

integration and balance states 

In this case we consider a multi-variate system whose 

reference input is the height, and the feedback variables are the 

height, pitch angle and engine acceleration. We have to 

consider that the sampling period should be as fast as possible, 

consequently: 

 

� =                                          

 

The control requires the knowledge of the plant and therefore 

a MINO system is identified as shown in figure 4. Figure 5 

shows the response of the system identification with accuracies 

of 84.83% and 61.52%. 

To identify the plant we use the Matlab software libraries that 

makes use of recursive algorithms, considering predefined 

input and output conditions applied to the plant. From this we 

get the matrix 16, 17, 18 and 19: 

 � + = � +                         
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Figure 4.MIMO system identification. 
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Figure 6 shows the dynamic response of the plan, this reason 

makes the control can be implemented using state space. 

 

 
Figure 5. Dynamics of the plant (aircraft height) 

 

After the implementation of the system using a state space 

control, the parameters and the maximum settling peak time 

must be calculated using the Bessel polynomials. 

 

 
TABLE I 

CONTROLLER BESSEL POLYNOMIALS 

 

N Polynomials 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

 

Once the calibration parameters had been set, it is necessary 

to calculate the control matrix according to Ackerman [20]: 

 = [− .    .    . ]                        
       

The control diagram is established as shown in figure 6 which 

considers the aircraft height as the output variable. 

 

 
Figure 6. Aircraft height control system 

 

 

 Figure 7 shows the three reference signals which enter to the 

MIMO control so they converge to the control system to be 

controlled. Aircraft height is taken as the output variable. 

 

 

 
Figure 7. Aircraft height control system 

 

Figure 8 shows the system response which correctly acts 

against an introduced disturbance when the system is stable, the 

system follows the aircraft height reference. 

     

The designed control follows the reference with a peak of 

7.4% and 2.6 s. as the stabilization time, enough time to control 

the aircraft height variable. 
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Figure 8. State Space response for the height control. 

 

E. Waypoint Access verification 

To get the optimum condition to assure that the UAV reaches 

the specified waypoint, we need to verify that the radius point 

approach is higher than that specified by the calculations. It 

should be calculated the distance as function of the 

geographical coordinates taking into account the radius of the 

Earth. 

 = sin ( ) + cos cos sin ( �)  

  = − sin ( ) + cos cos sin ( �)  

 =  (√ , √ )                           

 

It is necessary to consider whether the aircraft goes to the 

waypoint to an specified height when it have reached the 

specific geographical point, if necessary, the aircraft can take a 

repeated action until getting the desired height or jumping to the 

next. 

Once the UAV has passed through the programmed point, it 

finds the next waypoint, these navigation conditions are 

considered to stabilize the aircraft because it depends in the 

reference changes during navigation, especially when heading 

is changing continuously. Figure 9 shows direction changes that 

must be done when the UAV is in position P1 and should reach 

position P2. 

 

To get the optimal direction of the aircraft flight, we select 

the absolute differential angle that depends of the point’s angle 

(α) and the angle obtained from the inertial platform ( ). It is 

known that the relative angle  should be between -180 ° and + 

180 °, if the sign of this angle is negative, then the UAV must 

turn right and left in the other case, as shown in Figure 10. 
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Figure 9. Changes in the aircraft flight direction from position P1 to P2 

 

 
Figure 10. Optimal rotation decision for correcting the heading angle of 

navigation 

 

The rudder and aileron plane must rotate in the proper 

direction, leaving its equilibrium position to enter a new 

position where the dynamic equilibrium is reached according to 

the sampling period. The values of the width of the PWM pulse 

of each plane is directly proportional to an electronically 

estimated value and to the maximum value of the rotation of the 

servomotor. The heading control of the aircraft system is done 

by the ailerons having a 100% of free rotation, while the helm 

adds a 20% value to rotation. 

  

F. Kalman Filter for the reference signals. 

Acquired signals need to be digitalized to enter the control 

system. If the incoming signals do not satisfy the necessary 

conditions they will not satisfy the requirement of the 

controller. Equations 22 and 23 determine the status of the 

altimeter and speedometer sensors. The filter was implemented 

using 22 and 23. 

 � = � � − +                              � = � − − � −                             

 

The Kalman filter acts as filter and data predictor. Figure 11 

show that data, besides being corrected, predicts the next data 

information. This variant of the Kalman filter is valid for this 

kind of system when the aircraft speed exceeds GPS data 

updating. If it is required to take a control action, the controller 

has to wait for one second to give a new control response. This 



action can be developed by the Kalman filter’s response if it 

does a properly weighting. 

 

 
 Figure 11. Kalman filter response for the control input signals. 

 

III. CONCLUSIONS 

The flight of an aircraft must be considered as an integral 

system that includes independent elements. There are many 

variables that affect the moving planes of the aircraft during a 

flight. The control systems need to be linked together, when 

making a turn, the aircraft must control all servomotors to make 

a clean turn. A clean spin involves fine control in stabilizing the 

aircraft in terms of disturbances, because these may become 

uncontrollable as they depend on weather conditions in every 

instant of the flight. 

The proposed solution is effective from the viewpoint of 

linear control because it considers the plant is invariant in time 

and the signals saturation is controlled with the integrator 

section of the PID controller. 

Moreover, calibration can’t be done on ground and because 

it is not possible to calibrate the system by varying the feedback 

signals instead of changing the reference. The calibration of the 

system parameters must be done in flight. 

Future work includes the research to control the unmanned 

aerial vehicles to be used in very harsh environmental regions, 

where the height of the places is higher than the sea level. The 

knowledge and understanding of the conditions where the UAV 

must flight will help to develop better systems to control the 

aircraft. 

Finally, stabilizing the aircraft is not indispensable to use PID 

controller because it is possible to get similar effects by 

implementing other controllers like a fuzzy PID, control state 

variables, optimal control and even with a neural network, as 

long as is taken into account the above criteria. 
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