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 Designing a robust aircraft control system used to achieve a good tracking 

performance and stable dynamic behavior against working disturbances 

problem has attracted attention of control engineers. In this paper, a pitch 

angle control system for aircraft is designed utilizing liner quadratic 

Gaussian (LQG) optimal controller technique with a numerical tuning 

algorithm method in the longitudinal plane through cruising stage. Main 

design approach of LQG controller includes obtaining best weighting 

matrices values using trial and error method that consumes effort and takes 

more time, in addition, there is no guarantees to obtain optimum values for 

weighting matrices elements. In this research, genetic algorithm (GA) is 

used to optimize the state and control weighting matrices and determine best 

values for their elements. The proposed traditional and optimized LQG pitch 

controller schemes are implemented utilizing Matlab simulation tool and 

their performance are presented and compared based on transient and steady 

state performance parameters. The simulation results reveal the ability of the 

optimized GA_LQG controller to reject the effect of the noises in the aircraft 

system dynamic and achieve a good and stable tracking performance 

compared with that of the conventional LQG pitch control system. 
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1. INTRODUCTION 

During the last decades, the performance of self-propelled aircraft systems, which were established 

by Wright brothers at 1903, have been improved due to the fast development in flight aerodynamics and 

fabrication technology of light weight motors and propellers beside design robust flight control systems. 

These developments have enhanced the role of aircraft to serve users in the military, commercial and space 

research fields [1]. In the modern aircrafts, a variety of automatic optimal control systems are adopted to 

support the flight performance of the planes through helping the pilot in navigation process, flight controlling 

and maintain the stability feature of the aircraft [2].  

After many decades of developments, airplanes soon adapted the performance approach of autopilot 

by which it can achieve some missions of the flight crew during the long navigation journey. It allows the 

airplane to fly and navigate autonomously without taking action from pilot, hence greatly decreasing the 

pilot’s workload. In this research, an autopilot control system is designed to stabilize the pitch angle of 

airplane, which can be adopted for guiding the plane to reduce pilot’s tasks during flying and landing stages. 

The elevator is called longitudinal controls, which is used to enable the control process of the lift angle in the 

longitudinal plane. By translating the elevator forward, the rear of the stabilator moves forwards, the elevator 

turns downwards and the tail of the fuselage provided by a positive hump leading in a rising force, which 
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produces a pitch up and pitch down of the tail and the aircraft body respectively. Similarly, when the elevator 

moves backward, the elevator rear turns upwards and the plane tail is provided by a negative camber that 

causes to a descendent force, which leads the tail to drop down and the plane to lift [3], [4]. 

Generally, there are two types of controller techniques, which are conventional controller and optimal 

controller that can be adopted to develop the tracking performance of dynamic control systems. The traditional 

proportional-integral-derivative (PID) controllers can be efficiently applied to control various simple 

dynamical systems with single-input single-output (SISO) [5], while the complex dynamic systems with 

multi-input multi-output (MIMO) should be controlled using optimal controller approaches like linear 

quadratic regulator (LQR) and liner quadratic Gaussian (LQG) controller. Aircraft systems have a complex 

dynamic behaviors and stabilization of these systems needs apply robust optimal controller techniques. Classic 

and hybrid LQR controller approaches have been applied successfully for stabilization of many complex MIMO 

systems in various applications [6]-[9]. However, using LQR controller approach is valid just for noiseless 

systems. Practically, almost of simple and complex systems are subject to process noise and measurement noise. 

In this regard, stabilization of aircraft schemes, which are under action of working disturbances, requires 

applying more powerful and robust controller systems. LQG controller, which is a combination of LQR and 

Kalman filter (KF), is the controller technique that can be adopted to control systems with noises. 

During the last decades, more control approaches have been proposed by researchers for stabilization 

of aircraft systems. In [10]-[13] proposed an aircraft control system using classic controller techniques. They 

presented conventional PID controller and fuzzy PID controller to control pitch angle of aircraft system. 

A comparative assessment between the two techniques is introduced based on time response characteristics of 

the system performance. However, the parameters of the PID controller are not tuned based on numerical 

algorithms, they are tuned using classic fuzzy logic approach. Fuzzy logic and optimal LQR controller have 

been utilized in [11]-[13] to stabilize roll and pitch angles of the autopilot system. The simulation results are 

demonstrated and compared based on time domain performance parameters. The simulated tracking response of 

the system showed that the LQR controller can gives best performance compared with the fuzzy logic controller.  

Chrif and Kadda [14] proposed optimal control system based on LQR and LQG controllers to control 

pitch, roll and sideslip angles of aircraft system. Based on variation in the system parameters, the LQG 

controller equipped with Kalman filter have been used to control the aircraft scheme. The two controllers are 

simulated and their response is presented. The simulation results showed the controllers are able to give an 

acceptable tracking performance for the desired input. However, the response of the system could be better if 

the controllers are optimized using numerical tuning algorithms.  

In 2018, Johari et al. [15] introduce a study in improvement of the pitch angle motion control for 

airplane systems. They used three controller techniques, PID, fuzzy logic (FL) and LQR, to improve the 

stability of the aircraft system in pitch motion case. The dynamic longitudinal of the aircraft is modeled 

mathematically and a collection of PID, FL, and LQR controllers are designed to control pitch angle and 

maintain it at desired reference. The controllers are simulated using Matlab environment and their time 

response are shown then compared according to transient and steady state performance parameters. A single 

controller alone is unable to stabilize the aircraft scheme under disturbances such as weather conditions 

according to simulation results. on the other hand, the combination of both PID and LQR controllers succeeded 

to force the pitch angle of the airplane to follow the reference trajectory properly. However, the controllers 

design is not optimized utilizing optimization algorithms. Ahmed et al. [16] presented a classic PID controller 

and optimal LQR controller to control longitudinal and lateral motion in F-16 airplane system. A complete 

mathematical modeling of the system using Newton-Euler formulas. The nonlinear model of the aircraft 

scheme is linearized around equilibrium points to enable apply their linear control systems to stabilize roll 

and pitch angles. The roll and pitch aircraft control system based on PID and LQR techniques are simulated 

using Matlab/ Simulink environment. A comparative between the simulation results of the two controllers is 

achieved based on time-domain performance elements. The simulation results reveal the impact of the both 

controllers in control process of aircraft roll and pitch angles. However, the performance of the controllers is 

not assessed under action of working disturbances. Moreover, manual tuning has been used to tune the gain 

parameters of the controllers using the trial-and-error method, which does not guarantee producing best 

output response.  

In 2020, Jami’ín [17] presented a cascaded optimal LQG controller to control pitch angle of 

automatic landing system in airplane. The proposed LQG controller is adopted to track the desired trajectory 

path of airplane for landing system in presence of disturbances. The Kalman filter with pole placement 

technique are used to reject the noise and stabilize the system. The proposed cascaded LQG controller is 

simulated and its response is introduced. The Matlab results revealed the capability of the presented control 

approach to stabilize the airplane system effectively. However, the tracking performance of the proposed LQG 

controller would be better if its gain parameters are tuned numerically using one of the optimization algorithms. 
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The controller systems in the previous works are not optimum as some of these systems are 

implemented using classic controller techniques like PID and fuzzy logic, which are considered not suitable 

enough for complex dynamic aircraft systems. Furthermore, the LQR and LQG gain parameters in other 

presented systems, are not tuned using optimization algorithms. The tuning process is achieved using trial 

and error method, which consumes effort, takes too much time and does not guarantee achieving optimum 

response. Moreover, most of the presented researches did not take into consideration acting of the 

disturbances noises on the aircraft’s plant. In this regard, this research presents an optimal control system 

using LQG controller for aircraft system with disturbances. The controller is adopted to stabilize pitch angle 

of airplane system in presence of process and measurement noises. The LQG gain parameters are optimized 

using genetic algorithm, which is employed to obtain best elements values for its weighting matrices. 

In this study, the drawbacks of the presented control systems are avoided through applying an 

optimized LQG optimal controller to stabilize pitch axis of aircraft system with disturbances. In typically, 

LQG is a simply combination of a Kalman filter with a LQR controller. The Kalman filter, which is also 

called linear quadratic estimator (LQE), is not only uses for noise reduction that could effect on the system’s 

performance but also to provide a state’s estimation for non-measurable systems. In simulation, in order to 

consider disturbances in the systems, noise sources blocks should be included into the simulated schemes. 

In Mohammed et al. [5] a limited-band white noise block is included into the system plant to include the 

effect of the process noise in the system, while Gaussian noise block is added into the system output to 

consider influence of the measurement noise on the system. 

In this application, it is assumed that all the aircraft states are controllable and observable, so the main 

function of the Kaman filter is just to reduce the influence of the process and measurement disturbances in the 

dynamic behavior of the flight system. The main problem of LQG controller design is determine optimum 

values for the elements of Q and R weighting matrices elements of the LQR controller that used to minimize the 

performance index of the system. Verification process is traditionally done by trial and error method that 

considers a difficult process and does not guarantee finding optimal parameters. In this paper, the optimized 

genetic algorithm (GA) method was used to help designers to overcome tuning problem and ensure an 

optimal solution for the control scheme. The control system of the roll axis in the flight system with 

disturbances is implemented utilizing Matlab/Simulink tool to evaluate the performance of the presented 

LQG stabilizing system.  

The rest of paper is organized as: mathematical model of the system dynamic of is given in section 2. 

Section 3 introduces theory of the LQG controller technique. Genetic algorithm tuning method background 

and LQG pitch controller design are presented in section 4. Simulation results of the proposed pitch control 

system are presented in section 5, followed by concluding remarks and future works that are given in section 6. 
 

 

2. AIRCRAFT MATHEMATICAL MODEL 

The dynamic behavior of an airplane is governed by a scheme of six nonlinear differential equations. 

Based on certain assumptions, these complex differential equations can be decoupled and linearized into the 

longitudinal and lateral mathematical expressions. Pitch control is a lateral problem, which in this research has 

been developed to control the aircraft pitch angle so that it can achieve a stable pitching motion. Schematic 

diagram of aerodynamic controls for the aircraft pitch and roll angles are shown in Figure 1(a) and Figure 1(b) 

respectively. Where 𝑋𝑏, 𝑌𝑏 and 𝑍𝑏 denote the force components of aerodynamics control and 𝜃, 𝜙 and 𝛿𝑒 

represent the pitch angle, roll angle and aileron deflection angle of the aircraft system respectively [7], [18]. 

To design a pitch angle control system for an aircraft, it is required to deal with the motion equations in 

the only longitudinal plane. The pitching motion in the longitudinal plane of the flight system composes of these 

movements where the airplane would only transfer within the 𝑥−𝑧 plane that is, the movement field of the aircraft 

is in the direction of the 𝑥-axis and 𝑧-axis and rotation about the 𝑦-axis based on the given two assumptions:  

− At constant altitude and velocity conditions, the airplane is steady state cruise. 

− Variation in the pitch angle of the aircraft system does not vary the velocity of the airplane under any 

working condition.  

The transfer function of changing in both pitch angle and elevator deflection is derived by (1) and the state 

space form is shown in (2) and (3) [18], [19]. 
 

 𝛿𝜃(𝑠)

𝛿𝑒(𝑠)
=

11.7304 𝑠+22.578

𝑠3+4.967𝑠2+12.491𝑠
  (1) 

 

[

∆�̇�
∆�̇�

∆�̇�

] = [
−2.02 1 0

−6.9868 −2.9476 0
0 1 0

] [
∆𝛼
∆𝑞
∆𝜃

] + [
0.16

11.7304
0

] ∆𝛿𝑒  (2) 
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𝑦 = [0 0 1] [
∆𝛼
∆𝑞
∆𝜃

] (3) 

 

 

  
  

(a) (b) 
 

Figure 1. Force components diagram of airplane areodaynamic controls: (a) force diagram of pitch control 

and (b) force diagram of roll control 
 

 

3. LQG CONTROLLER TECHNIQUE 

LQG technique is a modern state feedback controller technique used for designing high efficient 

regulation and tracking systems. It is basiclly a combination of LQR controller and a Kalman filter. In order 

to design an optimal control system based on state feedback LQG controller technique, the flight system must be 

formulated in a state space form. The block diagram of the LQG controller system is shown in Figure 2 [20], [21]. 
 

 

 
 

Figure 2. Block diagram of LQG controller 
 

 

To design LQR controller, it is crucial that all the system states are measurable and observable. Consider a 

flight system affected by noise with the following state space representation [21]-[23]. 
 

�̇� = 𝐴𝑥 + 𝐵𝑢 + 𝑊 (4) 
 

𝑦 = 𝐶𝑥 + 𝑉 (5) 
 

Where 𝑊 and 𝑉 are process and measurement covariance noise matrices respectively, which are represented 

in system simulation as zero white noise with heterogeneity 𝐸(𝑊𝑊𝑇) = 𝑊, and 𝐸(𝑉𝑉𝑇) = 𝑣. The optimal 

Kalman gain matrix (𝐿) is:  
 

𝐿 = 𝑃𝐶𝑇𝑉−1  (6) 
 

Where 𝑃 is calculated from the solution of the following Riccati equation with known 𝐴, 𝐶, 𝑊 and 𝑉 matrices. 
 

𝐴𝑃 + 𝑃𝐴𝑇 − 𝑃𝐶𝑇𝑉−1 − 𝐶𝑃 + 𝑊 = 0  (7) 
 

The block diagram of the noisy plant utilizing the Kalman filter is presented in Figure 3. By combining LQR 

with KF, the control effort equation of the LQG controller for pitch control system can be written:  
 

𝑢 = −𝐾�̂� + 𝑟 (8) 
 

Where �̂� is the estimated states vector and 𝑟 is the reference entries for the system. This control entry is 

employed to minimize the following performance [24]-[26]. 
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𝐽 = lim
𝑇→∞

𝐸 {
1

𝑇
∫ [𝑥𝑇𝑄

𝑇

0
𝑥 + 𝑢𝑇𝑅𝑢]}  𝑑𝑡 (9) 

 
 

 
 

Figure 3. State space block diagram of flight system based on LQG controller 
 

 

 
 

Figure 4. State feedback LQR controller system with pre-gain parameter 
 

 

A pre-gain (𝑁) unit must be included to the pitch closed-loop control system if its output response shows steady 

state error in order to improve the regulation and tracking performance of the LQR controller. The pre-gain (𝑁) 

parameter shown in Figure 4 can be determined by the mathematical expression given in (10) and in “m.file” 

code by the defined Matlab function, 𝑁 = 𝑟𝑒𝑠𝑐𝑎𝑙𝑒(𝐴, 𝐵, 𝐶, 𝐷, 𝐾) [19], [27], [28]. 
 

𝑁 = − (𝐶(𝑠𝐼 − (𝐴 − 𝐵𝐾))
−1

𝐵) −1 (10) 

 
 

4. GA-LQG CONTROLLER 

GA is chosen as the optimizing method of LQG controller. It is a stochastic comprehensive 

numerical search approach that can serve for solving nonlinear and nonconvex control problems. GA, which 

was developed by John Holand and his cooperators 1960s and 1970s, is based on the process of biological 

evaluation and mimics the procedure of natural selection. The genetic tuning method starts with the process 

of selecting real numbers assortment chromosomes, which serve as an initial population. During an 

optimization process, populations of the chromosomes are iteratively manipulated by GA using reproduction, 

crossover and mutation operations, then each solution can be validated using a fitness function [29], [30]. 

Flowchart for optimizing LQG controller based on genetic algorithm is shown in Figure 5. Optimization 

process shows that the optimized GA-LQG controller begins with random values chromosomes in each 

individual, the genes in each chromosome represent the elements values of the matrices Q and R as described 

in Figure 6. By choosing optimum values for LQG controller gain elements (𝑞11, 𝑞22, 𝑞33, 𝑅) a better output 

response can be achieved for the system which leads to minimization of performance criteria in the time domain 

including the rise time (𝑡𝑟), settling time (𝑡𝑠), maximum overshoot (%𝑀𝑝), and steady-state error (𝑒𝑠𝑠). It is 

known in the design process, the objective fitness function (𝐹) is formulated by the designer based on the 

required specifications of the system, which comprise rise time (𝑡𝑟), settling time (𝑡𝑠), maximum overshoot 

(%𝑀𝑝) and steady state error (𝑒𝑠𝑠). In this paper, the proposed fitness function used in the optimization 

process of GA-LQG controller parameters is defined: 
 

𝐹 = 1 − exp(−0.5) (𝑀𝑝 + 𝐸𝑠𝑠) + exp(−0.5) (𝑡𝑠 − 𝑡𝑟) (11) 
 

In this study, the Simulink model of noisy aircraft system based on the LQG controller is shown in 

Figure 7. The process noise and measurement noise are added to the schematic diagram to support the 

reliability of the system modeling. Table 1 shows the parameters of the GA optimization method, which are 

considered in tuning process of the LQG controller gain elements. 
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Figure 5. Flowchart of GA tuning method for LQG controller 
 

 

 
 

Figure 6. LQG chromosome definition 
 

 

 
 

Figure 7. Simulink model for the pitch control system based on GA-LQG controller 
 

 

Table 1. Parameters of GA tuning method 
Parameter Value Parameter Value 

Population size 0.723 Crossover method Scattering 

Max. no. of generation 1.08 Crossover probability 0.2 

Selection method Normalized selection Mutation method Uniform mutation 
Probability of selection 0.05 Mutation probability 0.01 

 

 

5. SIMULATION RESULTS 

In this application, an optimized GA-LQG controller is designed to stabilize the pitch angle of an 

aircraft system. The GA-LQG controller is simulated using Matlab software and its output response are 

included and then discussed. The iteration curves that show the convergence process of gain element of 𝑄 

and 𝑅 weighting matrices to the optimum values are presented in Figure 8. Based on the GA tuning method 

with parameters listed in Table 2, the optimized values of the weighting matrices for LQR controller and 

estimator (𝑄 , 𝑅, 𝑄𝑒  , 𝑅𝑒 ) are given: 
 

𝑄 = [
0.1 0 0
0 0.000499987 0
0 0 3.71

] , 𝑅 = 0.008, 𝑄𝑒 = 0.1656 and 𝑅𝑒 = 0.7938 

 

Based on the optimized 𝑄 and 𝑅 weigthing matrices, the gain matrix of the LQR controller is calculated by 

using the Matlab instruction, 𝐾 = 𝑙𝑞𝑟(𝐴, 𝐵, 𝑄, 𝑅). The solution of Ricatti equation is given by:  
 

𝑃 = [
0.0125 0 −0.0005

0 0.0006 0
−0.0005 0 0.0002

]  
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The closed-loop poles of the aircraft LQG control system are given by: [-2.8185 + i1.9852, 

-2.8185 – i1.9852, -1.8120], and the feedback LQR gain matrix is: 𝐾 = [2.4819 9.1578 21.5349]. While the 

gain matrix of observer is calculated based on the optimized weighting matrices 𝑄𝑒  and 𝑅𝑒 using the Matlab 

instruction, 𝐿 = 𝑘𝑎𝑙𝑚𝑎𝑛(𝐴, 𝐵, 𝑄𝑒 , 𝑅𝑒), its value is: 𝐿 = [−0.0143,0.084,0.051]𝑇 . 
 

 

 
 

Figure 8. GA converging of aircraft LQG controller parameters (𝑄, 𝑅, 𝑄𝑒 , 𝑅𝑒) across generations 
 

 

The pre-gain 𝑁 of the LQG controller system is calculated based on (10) and its value is 𝑁 = 0.9531. The time 

response of the aircraft system with an initial pitch angle of 0.15 radian (8.625 degree) using LQG controller is 

shown in Figure 9. It can be seen from the system response that the controller succeeded in forcing the noisy 

aircraft output state to follow the desired pitch angle trajectory effectively.  
 

 

Table 2. Time response specifications of the aircraft pitch control system 
Parameter  Value Parameter Value 

Rise time 𝑡𝑟 (s) 0.723 Maximum overshoot 𝑀𝑝 % 1.89 

Settling time 𝑡𝑠 (s) 1.08 Steady state error 𝑒𝑠𝑠 0.003 

 

 

The control law response of the pitch angle control system based on the GA-LQG controller is shown in 

Figure 10. It is clear from Figure 10 that the control effort of the proposed LQG controller required to guide 

the pitch angle through the desired input trajectory is within reasonable values range. Using the optimized 

GA-LQG controller, Table 2 shows the specifications of time response for the aircraft pitch angle stabilization. 

Based on the aforementioned Table, a good and fast transient response with minimal steady-state error has been 

achieved by using the proposed LQG controller based on GA tuning method. 
 

 

  
  

Figure 9. output of pitch GA-LQG controller system Figure 10. Input effort of pitch GA-LQG controller 
 

 

6. CONCLUSION 

In this paper, an optimal control system was proposed to control pitch angle of a reliable model of 

aircraft system. Two types of noises, which are process noise and measurement noise, are considered in the 

modeling of the dynamic behavior for the aircraft system. The proposed control system was based on the state 

feedback LQG controller technique. The LQG controller has been optimized by using the GA tuning approach, 
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which was used to obtain optimum values for the LQG controller parameters. The optimized GA-LQG 

controller has been designed to control pitch angle of the aircraft system. The presented control system was 

simulated using Matlab/Simulink environment to evaluate the transient and steady state responses of the 

proposed GA-LQG controller system. The simulation results reveal the effectiveness of the proposed LQG 

controller in rejecting the noises effect in the performance of the aircraft system and controlling its pitch 

angle efficiently. In prospective research, a robust adaptive controller system will be considered for 

stabilization of aircraft roll, pitch and sideslip angles.  
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