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Abstract 

Today, classical control methods are still widely used because of their excellent performance in a working enviroment with 

noise signals. Besides, they are suitble for functiions of the system : operations to control a machine are more flexible, 
easy to perform, less unwanted risks occur, the efficiency of controlling a system better. In the early years of the 21st 

century, traditional algorithms still promote their effects. Besides the traditional control methods, the author has applied 

more moderm and smarter algorithms such as adjusting Linear Quadratic Gaussian  (LQG) to control a system on the 

ground or a system moving in the air. In the paper, LQG regulator is applied to a flight model to demonstrate its 

effectiveness in all cases. LQG regulator has not been applied before for this model. Results are as expected by the author 

for the working enviroment with noise signals affecting the system. Kalman filter used in this paper has shown its 

usefulness in the problem of dealing with unwanted signals. Simulation is done by Matlab. 
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1. Introduction

The aviation industry is always an attractive topic for 

experts as well as many people. Humans have long observed 

flying objects at high altitudes. These objects are carefully 

analyzed for the characteristics of which they can fly. The 

development of science and technology has made the speed 

of flying objects change and they tend to fly faster and more 

agile[1]. The advent of drones aims to replace humans in its 

missions during emergencies or in harsh environments. 

Military autopilots require precise control of targets. Tests 
of autonomous flying devices were carried out very early on 

on a large scale [2].  Automatic in-flight control systems 

have been flexibly converted to suit the actual situation. 

Humans were then introduced into the cockpits of the 

planes, and the control systems [2] came into play in tasks 

such as navigation, and flight instrument display [3]. 

Aircraft have a six-degree-of-freedom motion, which is 

further split into translational (horizontal, vertical and 

transverse) and rotational (pitch, roll and yaw) motions. 

Aircraft have three control surfaces (Rudder, Elevator and 
ailerons). This control surfaces supports the rotation of the 

aircraft.The lateral axis travel from wingtip-to-wingtip and 

the pitch motion is angular displacement about this axis. 

This allows the aircraft to fly higher or lower, depending on 

the angle that has been adjusted. Longitudinal axis passes 

through aircraft from nose-to-tail and motion about this axis 

is called roll motion. Pitch control can be achieved by 

providing change to elevator surface. Roll motion can be 

controlled with the help of ailerons while for yaw control 

the author needed to have a change in rudder surface [4]. 

Techniques to linearize a system and nonlinear approaches 
have been studied for implementation of survey plans [5-7] . 

So in a certain time and around the work point issues were 

well solved. Classical control methods have been applied to 

more complex structured systems. Systems in [8] are tested 

in the air at short ranges, before they are tested at longer 

ranges. The system of spacecraft launched into the air is the 

result of early tests [8]. Fuzzy controllers [9, 10] are used for 

generations of flying devices. UAV [11] is more and more 
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perfect with more modern functions thanks to its control 

methods. UAV has always been of interest to the author for 

artificial intelligence applications. Today, PID controller 

[12] is increasingly advanced to serve both civil and defense

aviation systems. Besides, other control methods mentioned

in [13, 14, 15] have been improved over the original

method: Adaptive controller. Other techniques [16] for

navigation, alarm sensors have also been refurbished so that

the system can meet international quality standards. This is

to bring satisfaction to customers during flights. Fuzzy

controller [17] has been studied to develop into many next
generations to serve many different purposes. Modern

techniques [18] are gradually replacing old methods.

However, disadvantages such as the handling of noise

signals in [17,18] can not be completely resolved. This issue

needs to be studied further by the author. Fuzzy controllers

[19, 20] have been intensively studied theoretically and they

have been implemented in practice, from the educational

field [21] to the industrial field [22, 23]. In this paper,

adjusting LQG is given in the context of a working

environment where many undesirable effects have occurred,

especially in the aviation environment, where it is difficult
to have human intervention in the problem of noise signals.

Therefore, this survey is extremely urgent. Previous articles

have not addressed this issue.

2. System modeling linearization

The control of flight systems is derived from surveys on 

mathematical models. These mathematical models are 

established based on physical theories. The next section is 
the investigation of the stability of the flight system through 

control plans. These plans can change the original 

characteristics of the system and plans are programmed to 

control the operation of the system in accordance with stated 

expectations. Besides, other aspects must also be taken into 

account for their effect on the system such as the 

temperature inside the aircraft, the external environment can 

also affect the equipment. There are many ways for the 

author to approach the morphology of flying devices to meet 

the goals in the most effective way. The author has 

described the mathematical settings for a model that 
matches requirements of the problem [24]. Motions of an 

aircraft in a flight have been a focus of research to form 

equations that characterize this form [24]. These equations 

are based on fundamental laws of physics. According to 

Newton's law, equations of translational motion, equations 

of rotational motion are performed synchronously with each 

other [25]. 

Lift (positive upwards)

Drag (positive reawards)

Thrust (positive forwards)

Figure 1. Moments, Euler angles and velocities of 
Aircraft. 

Notes: U, V, R are forward, side and yaw velocity; 

L, M, N are roll, ptich and yaw moments; P, Q, R are 

angular velocities ;  ,, are roll, pitch and yaw angle. 

This is a type of F16 of any kind. This means that this model 

is a regular model. The author did not consider the military 

model or any other specific model. Therefore, this model 
does not have specific parameters for a particular type of 

fighter or military aircraft. There was no particular response 

of F-16 to the use of  LQG regulator. This is the same for 

other systems. They are like that by default.  For the 

translational dynamics: 
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Where  TZYX acting on Flight and 

 TBV mgL 00 represents weight vector . 

Substituting Eq. (3) and (4) in Eq. (1) gives, 

EAI Endorsed Transactions on 
Context-aware Systems and Applications 

Vol. 9 (2023)



Linear Quadratic Gaussian with noise signals for lateral and longitudinal of F-16 

3 

 50

0









































































































W

V

U

R

Q

P

W

V

U

m

mg

L

Z

Y

X

BV







After simplifying Eq. (5) given translational dy 

namics can be achieved for a rigid body. 
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For the rotatinal dynamics of aircraft. 

The following moment equations represents the 

rotatinal form of Newton’s second law. 
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 and IB are the angular velocity and Moment of 

inertia of the system respectively, substituting Eq. (7), (8) 

and (9) in Eq.(6) give us the Rotatinonal dynamics of the 

system. 
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The above derived translational and rotational 

equation were used along with disturbance forces and 

moments, gravitational terms, aerodynamics terms and 

power terms which are not mentioned  here, to get the 

Longitudinal and lateral directional equations of motion. 

3. State space representation of
longitudinal and lateral equation

State space is achieved for both longitudinal and lateral 

motion as follows: 
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3.1. Longitudinal dynamics model 

The longitudinal dynamics from Eq. (12) are obtained in 

matrix form as 
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3.2. Lateral dynamics model 

The lateral dynamics from Eq. (12) are obtained in matrix 

form as 
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4. Simulation results and discussions

Simulation results are shown Figures 2, 3, 4, 5, 6, 7, 8, 9, 10, 

11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 

27, 28, 29, 30, 31, 32, 33, 34. Figures 3-34, describing their 

axes, the ultimate goal of the problem is to find the transfer 

function. A description of their axes is necessary to find the 

transfer function. The simulation results (Figures 3-34) 

'reflect' the nature of  LQG strategy in this model. 

Model with using LQG regulator 

G1(s)/G2(s)/

G3(s)/G4(s)

F(s)

d

u

d+u

LQG 
regulator

w y

n

+

+

++

Figure 2. LQG regulator ‘G(s)’ 
Figure 2: the value of ‘d’ is a color noise signal 

with a spectral density of less than 10 rad/s, the value of ‘n’ 
is a white noise signal E(n2)= 0.01. The value of the quality 

indicator ‘J’:     .10
0

22 dtuyuJ 


  The model of the 

object: nCxyBdBuAxx  ,  

Longitudinal Dynamics Model: The input data is 

the transfer function of Longitudinal Dynamics Model. They 

are G1(s)/G2(s)/G3(s)/G4(s) in Figure 2. The output data is 

output signals of Longitudinal Dynamics Model and they 

are denoted by 'y' in Figure 2. These output signals are 
simulated in the Figures 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 

15, 16, 17, 18. 

Figure 3. LQG regulator G1(s) for impulse response 
(The closed loop) 

Figure 4. LQG regulator G1(s) for impulse response 
(The open loop) 

Figure 5. LQG regulator G1(s) for step response (The 
closed loop) 
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Figure 6. LQG regulator G1(s) for step response (The 
open loop) 

Figure 3 shows that impulse response for the closed 
system (the signal is highlighted in red) is better than the 

open loop  (the signal is highlighted in red in Figure 4). The 

value of the amplitude of the oscillation of the closed loop in 

this case is zero and the closed loop reaches a steady state. 

For LQG regulator, the closed loop responds well. The value 

of the amplitude of the oscillation of the open loop in this 

case is large and the open loop does not reach a steady state. 

Figure 5 shows that step response for the closed loop (the 

signal is highlighted in green) is better than the open loop 

(the signal is highlighted in blue in Figure 6). The value of 

the amplitude of the oscillation of the closed loop in this 
case is 70  and the closed loop reaches a steady state. For 

LQG regulator, the closed loop responds well. The value of 

the amplitude of the oscillation of the open loop in this case 

is large and the open loop does not reach a steady state. In 

general, LQG regulator, the system responds well to the 

presence of noise signals. 

Figure 7. LQG regulator G2(s) for impulse response 
(The closed loop) 

Figure 8. LQG regulator G2(s) for impulse response 
(The open loop) 

Figure 9. LQG regulator G2(s) for step response (The 
closed loop) 

Figure 10. LQG regulator G2(s) for step response (The 
open loop) 

Figure 7 shows that impulse response for the closed 

loop (the signal is highlighted in blue) is better than the open 

loop  (the signal is highlighted in green in Figure 8). The 

value of the amplitude of the oscillation of the closed loop in 

this case is zero and the closed loop reaches a steady state. 

For LQG regulator, the closed loop and the open loop 
respond well. The value of the amplitude of the oscillation 

of the open loop in this case is 0.0 and the open loop reaches 

a steady state. Figure 9 shows that step response for the 

closed loop (the signal is highlighted in green) is better than 

the open loop (the signal is highlighted in red in Figure 10). 

The value of the amplitude of the oscillation of the closed 

loop in this case is -0.3  and the closed loop reaches a steady 

state. For LQG regulator, the closed loop responds well. The 

Linear Quadratic Gaussian with noise signals for lateral and longitudinal of F-16
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value of the amplitude of the oscillation of the open loop in 

this case is -0.3 and the open loop reaches a steady state. In 

general, LQG regulator, the system responds well to the 

presence of noise signals. 

Figure 11. LQG regulator G3(s) for impulse response 
(The closed loop) 

Figure 12. LQG regulator G3(s) for impulse response 
(The open loop) 

Figure 13. LQG regulator G3(s) for step response (The 
closed loop) 

Figure 14. LQG regulator G3(s) for step response (The 
open loop) 

Figure 11 shows that impulse response for the 

closed loop (the signal is highlighted in blue) is better than 

the open loop (the signal is highlighted in blue in Figure 12). 

The value of the amplitude of the oscillation of the closed 

loop in this case is zero and the closed loop reaches a steady 

state. For LQG regulator, the closed loop and the open loop 

respond well. The value of the amplitude of the oscillation 

of the open loop in this case is 0.0 and the open loop reaches 

a steady state. Figure 13 shows that step response for the 

closed loop ( the signal is highlighted in red) is worse than 
the open loop (the signal is highlighted in green in Figure 

14). The value of the amplitude of the oscillation of the 

closed loop in this case is zero  and the closed loop reaches a 

steady state. For LQG regulator, the closed loop responds 

well. The value of the amplitude of the oscillation of the 

open loop in this case is 1.0 and the open loop reaches a 

steady state. In general, LQG regulator, the system responds 

well to the presence of noise signals. 

Figure 15. LQG regulator G4(s) for impulse response 
(The closed loop) 
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Figure 16. LQG regulator G4(s) for impulse response 
(The open loop) 

Figure 17. LQG regulator G4(s) for step response (The 
closed loop) 

Figure 18. LQG regulator G4(s) for step response (The 
open loop) 

Figure 15 shows that impulse response for the 
closed loop (the signal is highlighted in blue) is better than 

the open loop (the signal is highlighted in green in Figure 

16). The value of the amplitude of the oscillation of the 

closed loop in this case is zero and the closed loop reaches a 

steady state. For LQG regulator, the closed loop responds 

well. The value of the amplitude of the oscillation of the 

open loop in this case is large and the open loop does not 

reach a steady state. Figure 17 shows that step response for 

the closed loop (the signal is highlighted in green) is better 

than the open loop (the signal is highlighted in red in Figure 

18). The value of the amplitude of the oscillation of the 
closed loop in this case is 35 and the closed loop reaches a 

steady state. For LQG regulator, the closed loop responds 

well. The value of the amplitude of the oscillation of the 

open loop in this case is large and the open loop does not 

reach a steady state. In general, LQG regulator, the system 

responds well to the presence of noise signals.  

Lateral Dynamics Model: The input data is the 

transfer function of Lateral Dynamics Model. They are 

G1(s)/G2(s)/G3(s)/G4(s) in Figure 2. The output data is 

output signals of Longitudinal Dynamics Model and they 

are denoted by 'y' in Figure 2. These output signals are 

simulated in the Figures 19, 20, 21, 22, 23, 24, 25, 26, 27, 

28, 29, 30, 31, 32, 33, 34. 

Figure 19. LQG regulator G1(s) for impulse response 
(The closed loop) 

Figure 20. LQG regulator G1(s) for impulse response 
(The open loop) 

Figure 21. LQG regulator G1(s) for step response (The 
closed loop) 

Linear Quadratic Gaussian with noise signals for lateral and longitudinal of F-16
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Figure 22. LQG regulator G1(s) for step response (The 
open loop) 

Figure 19 shows that impulse response for the 

closed loop (the signal is highlighted in green) is better than 

the open loop  (the signal is highlighted in red in Figure 20). 

The value of the amplitude of the oscillation of the closed 

loop in this case is zero and the closed loop reaches a steady 

state. For LQG regulator, the closed loop and the open loop 

respond well. The value of the amplitude of the oscillation 
of the open loop in this case is 0.0 and the open loop reaches 

a steady state. Figure 21 shows that step response for the 

closed loop (the signal is highlighted in red) is better than 

the open loop (the signal is highlighted in green in Figure 

22). The value of the amplitude of the oscillation of the 

closed loop in this case is -3  and the closed loop reaches a 

steady state. For LQG regulator, the closed loop responds 

well. The value of the amplitude of the oscillation of the 

open loop in this case is -250 and the open loop reaches a 

steady state. In general, LQG regulator, the system responds 

well to the presence of noise signals. 

Figure 23. LQG regulator G2(s) for impulse response 
(The closed loop) 

Figure 24. LQG regulator G2(s) for impulse response 
(The open loop) 

Figure 25. LQG regulator G2(s) for step response (The 
closed loop) 

Figure 26. LQG regulator G2(s) for step response (The 
open loop) 

Figure 23 shows that impulse response for the 

closed loop (the signal is highlighted in blue) is better than 

the open loop  (the signal is highlighted in green in Figure 

24). The value of the amplitude of the oscillation of the 
closed loop in this case is zero and the closed loop reaches a 

steady state. For LQG regulator, the closed loop and the 

open loop respond well. The value of the amplitude of the 

oscillation of the open loop in this case is 0.0 and the open 

loop reaches a steady state. Figure 25 shows that step 

response for the closed loop (the signal is highlighted in red) 

is better than the open loop (the signal is highlighted in blue 

in Figure 26). The value of the amplitude of the oscillation 

of the closed loop in this case is -0.3  and the closed loop 

reaches a steady state. For LQG regulator, the closed loop 

responds well. The value of the amplitude of the oscillation 
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of the open system in this case is -0.3 and the open loop 

reaches a steady state. In general, LQG regulator, the system 

responds well to the presence of noise signals. 

Figure 27. LQG regulator G3(s) for impulse response 
(The closed loop) 

Figure 28. LQG regulator G3(s) for impulse response 
(The open loop) 

Figure 29. LQG regulator G3(s) for step response (The 
closed loop) 

Figure 30. LQG regulator G3(s) for step response (The 
open loop) 

Figure 27 shows that impulse response for the 

closed loop (the signal is highlighted in red) is better than 

the open loop  (the signal is highlighted in blue in Figure 

28). The value of the amplitude of the oscillation of the 

closed loop in this case is zero and the closed loop reaches a 
steady state. For LQG regulator, the closed loop and the 

open loop respond well. The value of the amplitude of the 

oscillation of the open loop in this case is 0.0 and the open 

loop reaches a steady state. Figure 29 shows that step 

response for the closed loop (the signal is highlighted in 

green) is worse than the open loop (the signal is highlighted 

in red in Figure 30). The value of the amplitude of the 

oscillation of the closed loop in this case is zero  and the 

closed loop reaches a steady state. For LQG regulator, the 

closed loop responds well. The value of the amplitude of the 

oscillation of the open system in this case is 1.0 and the 

open loop reaches a steady state. In general, LQG regulator, 
the system responds well to the presence of noise signals. 

Figure 31. LQG regulator G4(s) for impulse response 
(The closed loop) 
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Figure 32. LQG regulator G4(s) for impulse response 
(The open loop) 

Figure 33. LQG regulator G4(s) for step response (The 
closed loop) 

Figure 34. LQG regulator G4(s) for step response (The 
open loop) 

Figure 31 shows that impulse response for the 

closed loop (the signal is highlighted in green) is better than 
the open loop  (the signal is highlighted in green in Figure 

32). The value of the amplitude of the oscillation of the 

closed loop in this case is zero and the closed loop reaches a 

steady state. For LQG regulator, the closed loop and the 

open loop respond well. The value of the amplitude of the 

oscillation of the open loop in this case is 0.0 and the open 

loop reaches a steady state. Figure 33 shows that step 

response for the closed loop (the signal is highlighted in red) 

is better than the open loop (the signal is highlighted in blue 

in Figure 34). The value of the amplitude of the oscillation 

of the closed loop in this case is -0.4  and the closed loop 

reaches a steady state. For LQG regulator, the closed loop 

responds well. The value of the amplitude of the oscillation 

of the open loop in this case is -16 and the open loop reaches 

a steady state. In general, LQG regulator, the system 

responds well to the presence of noise signals. 

5. Conclusions

Through this survey, it is more efficient to use LQG 

regulator for Lateral Dynamics Model than Longitudinal 

Dynamics Model. Simulation results show that the steady 

state achieved by Lateral Dynamics Model is much better 

than that of Longitudinal Dynamics Model. Overall, the 

effect of this method is excellent and it is ideal for flying 

models. In the future, modern control methods can be 

applied to manned aircraft as well as unmanned aerial 

vehicles to confirm the role of methods in civil aviation. 
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