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Abstract:

Safe and efficient flight operations require accurate and steady aircraft pitch angle control. Conventional control
approaches struggle to achieve ideal transient response characteristics like minimum overshoot and fast settling
time. This thesis compares aircraft pitch angle control techniques. Due to its instability, the open-loop aircraft
pitch system requires powerful feedback control. This paper simulates the longitudinal dynamics of an aircraft
pitch control system and builds PID controllers utilizing Trial-and-Error, Ziegler-Nichols, and GA-based
optimization. A Model Predictive Control (MPC) technique is also tested. While Trial-and-Error and Ziegler-
Nichols conventional PID tuning approaches stabilize the system, simulation studies show that they have higher
overshoot and longer settling periods in transient response. The GA-optimized PID controller has a faster reaction
(0.204 s, peak time 0.619 s, settling time 1.25 s) and a 5.79% reduction in overshoot. With comparable
performance measures (settling time of 1.33 s, overshoot of 6.11%), the MPC technique works well in complex
control contexts. A thorough comparison shows that the GA-tuned PID controller beats classical PID approaches
and MPC in important transient response characteristics. This shows that artificial intelligence can optimize
aircraft pitch control systems better. The results show that GA-based tuning can provide accurate and robust
control, providing insights for aecrospace control system design.
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Introduction

Pitch control in aircraft has an interesting history that combines the advancements of engineering, technology,
and aerodynamics. Understanding the basic laws of flight, the background of aviation, and the technical
developments that have influenced contemporary aircraft design are all necessary to completely comprehend the
importance of pitch control.[2]

Fundamentally, pitch control describes an aircraft's capacity to regulate its nose attitude with respect to the
horizon, which is essential for manoeuvre execution and stable flying. One of an aircraft's three main axes,
along with roll and yaw, is the pitch. The angle of attack (AOA) of the aircraft, or the angle between the chord
line of the wing and the incoming airflow, is what controls the pitch axis, which extends from wingtip to
wingtip.

The elevators, usually found on the horizontal stabilizer near the aircraft's tail, are the main control surfaces that
affect pitch. The elevators deflect up or down as the pilot pushes the control yoke or stick forward or backward,
which causes the nose of the aircraft to tilt up or down. By changing the AOA, this operation influences lift and
drag, which in turn affects the aircraft's ability to ascend, descend, and fly level.

Pitch control in modern aviation has developed further in tandem with technological breakthroughs. In order to
provide pilots more control over pitch, roll, and yaw, modern aircraft use complex flight control systems that
combine a number of sensors, computers, and actuators. By automatically adjusting control surfaces in reaction
to shifting flying circumstances, these systems can increase safety and stability.

The adoption of fly-by-wire technology, which enables more accuracy and flexibility in aircraft control, is one of
the most important advancements in pitch control. Artificial intelligence and machine learning algorithms can be
integrated into fly-by-wire systems to improve safety and maximize flying performance. For instance, the fly-by-
wire technology of the Airbus A320 line of aircraft, which incorporates envelope protection, keeps pilots from
going beyond certain flying parameters.

Modelling and methods principle

In order to assess the effectiveness and advancement of the chosen controller algorithms, this section describes
how to model the pitch control longitudinal equation of an Aeroplan using a simulation environment. This work
provides a mathematical explanation and implementation of the longitudinal dynamics system as a transfer
function. Figure 1 below illustrates the pitch control system that has been examined in this research. Aerodynamic
force components are described by Xb, Yb, and Zb, while aircraft orientation or angle pitch in the earth-axis
system and elevator deflection angle are represented by @ and de.[1]

Figure 1: Pitch control system. Figure 2: Definition of force, moments and velocity
in body fixed coordinate.

The moments, forces, and velocity components in the aircraft system's body fixed coordinate are shown in Figure
2. M, L, and N are the descriptions of the aerodynamics moment components for the yaw, roll, and pitch axes.
While terms u, v, and w describe the velocity components of the roll, pitch, and yaw axes, terms p, q, and r
represent the angular rates about these axes. The angles of attack and sideslip are denoted by a and B, before
beginning the modelling procedure, a few probabilities must be taken into account. First, because the acroplane
is in a steady state cruise at a constant altitude and speed, lift and weight balance each other out, and thrust and
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drag are eliminated. Secondly, Equations (1), (2), and (3) illustrate how the dynamic equations in Table 1—which
include force and moment equations—are derived from Figures 1 and 2.

Table 1 describes the longitudinal stability derivatives parameter that was employed.

Table 1: Longitudinal Derivative Stability Parameters.
Longitudinal Derivatives Components

Dynamics Pressure and Dimensional Derivative
Q =36.81b/ft2, QS = 6771lb,
QS C =38596ft.1b, (C /2u0) = 0.016s

X-Force, (S) Z-Force, (F) PltChH(llng\./{;ment’
Rolling velocities Xu =-0.045 Zu=-0.369 Mu=0
Yawine velocities Xw =0.036 Zw =-2.02 Mw = -0.05
& Xy =0 Zy =0 My, = -0.051
Xoa=0 Za =-355.42 Ma = -8.8
Angle of attack X, =0 Z,=0 M, =-0.976
Pitching rate Xq=0 72q=0 Mq =-2.05
Elevator deflection Xde=0 Zde = -28.15 Moe =-11.874
X —mgSg =m(u + qv —rv) )
Z —mgCy Cy = m(W + pv — qu) 2)
M= yq + TQUx + Iz) + Ixz(pz - ,rZ) (3)

considering the following assumption:

1. Rollingrate p =@ — 1Sy
Yawing rate g = 0Cs +PCoSy
Pitching rate r = Y CyCy — QS¢,
Pitch angle 6 = qCy — 7S¢
Roll angle ¢ =p + qSpTe + 1CyTy
Yaw angle ¢ = (qSy + 1) sect

SNV

Equation (1), (2) and (3) have to linearized by a small disturbance theory. The equations are replaced by a
reference value plus a disturbance.
u=1uy+Au, v=vyt+tAv , w=wy+Aw, p=p,+Ap , q=qo+Aq , r=r1y+Ar,
x=xy+Ax , M=My+MY, Z=Zy+AZ , §=64+A8
For simplicity, the reference flight condition is assumed to be symmetric and the propulsive forces are assumed
as a constant. This will produce that:
Vo =Po=qo="To=Po=Wo =0
After the linearization of (4), (5) and (6):

d
(a - X) Au — X,,Aw + (g cos 6,)A0 = X5,A6, 4
d d
—Z,Au+ [(1 —-Z,) P ZW] Aw — [(u0 —Zy) P sin 90] A = Zs, A6, (5
d d? d
—MuAu - [(MW a + MW) AW] - @ - Mq E AG| = MgeA(se (6)

By rewritng the (4), (5), (6) and substituting the parameters values of the longitudinal stability derivatives, the
transfer function for the change in the pitch change in the pitch rate to the change in elevator deflection angle is
shown as (7) obtained:

_ M(dee _ MaZae _ M&eza
Aq(s) (M53+ U )S ( U U )
Ay (s) B 2 Zg ZaMq

s2— (Mg + M, +u—0)s+ (uo —Ma>

The transfer function of the change in pitch angle to the change in elevator angle can be obtained with respect to
the change in pitch rates to the change in elevator angle in the following:
Ag = A0 (8)

@
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Aq(s) = sA6(s) 9
AO(s) 1 Aq(s)

=_, 10
AS.(s) s A6(s) (10)
so, the transfer function of the pitch control system will be:
MdZ6e _ Mazde _ MaZa
Aq(s) l(M‘Se T )S ( U U ) 1)
ASo(s) s .o  Za Z M,
s (Mq + M, + uo)s + (7% 2" Ma)

By taking the Laplace transform of the above modeling equations, zero initial conditions should be assumed. The
Laplace transform of the above equations are [1]:

A6(s)  1151s+0.1774

AS.(s) s3+40.739s2 +0.921s

These values are taken from the data from one of Boeing's commercial aircraft.

(12)

Genetic algorithms work on the fundamental tenet that they create and preserve a population of people represented
by chromosomes. A character string that is almost identical to the chromosomes found in DNA is called a
chromosome. Usually, these chromosomes include encoded solutions to issues. It evolves according to the laws
of mutation, reproduction, and selection. Every individual in the ecosystem, represented by a chromosome,
receives a fitness score. Reproduction selects members of the population with high fitness values. Through this
individuals' crossover and mutation, they identify a new population whose members may be even more suited to
their surroundings. Crossover is similar to reproduction in that it involves two chromosomes exchanging data
segments. Mutation is an evolutionary phase that brings small changes into a small portion of the population
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\ J
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\_
v
-
Select Genetic
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. J
v
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a section of gene between them mutate the genes in it

O

Figure 3: Genetic Algorithm Flowchart.
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Model Predictive Control (MPC) is an advanced control technique that has garnered significant attention in
numerous industrial applications due to its capability to effectively manage multivariable control problems,
constraints, and dynamic systems. Processes characterized by significant temporal delays, complexity, or
nonlinearity are particularly conducive to Model Predictive Control (MPC). Thoroughly analysing MPC's
fundamental concepts, historical development, mathematical representation, advantages, disadvantages, and
applications across various sectors is essential for comprehensive understanding.
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Selpoints D Manipulated Variables Inputs Oulputs
{referance) e W Plant -
D Unmeasured Dislurbances . U Measured
L L
p— —_—

Figure 4: MPC structure.

Results and discussion

Firstly, the system without a controller has been tested. After that the PID controller will be implemented by
computing the PID parameters (kp — ki —kd ) for each method (trial and error, Ziegler Nichols, Genetic algorithm)
then implement the Model predictive control on the system. They then collect the system specifications of each
method of the previous methods. The results of each technique will be compared to find the most acceptable
method.
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Figure 5: Pitch control system specifications without controller.
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Figure 6: Pitch control system specifications with PID controller based on trial-and-error tunning method
technique.
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Figure 7: Pitch control system specifications with PID controller based on Ziegler Nicholas tunning method
technique.
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Figure 8: Pitch control system specifications with PID controller based on genetic algorithm tunning method
technique.
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Figure 9: The comparison between methods (a).

Table 1 show the comparison between genetic algorithm optimization, ZN, Trial and Error, and MPC methods in
response characteristics. The GA method gives promising results better than the Trial-and-Error method ZN
method, and MPC method; the genetic algorithm gives a settling time of approximately 1.25 seconds and MPC
1.33 whereas the ZN method gives 2.82 seconds, and the trial-and-error method gives 2.44 seconds. For the
overshoot, the genetic algorithm was about 5.79% and MPC 6% ZN 16.6%. All methods give the same steady
state error value, which means the final value is the same as the setpoint. Generally, the three methods give a
stable system. The GA method is a little better than MPC, and both better than trial-and-error methods and the
ZN method. Hence, the GA method performance is the best of the four methods.

Table 2: Final Comparison Between Different Tunning Methods.

Rise | Peak .
Method Time | Time S;titrlllll;g Overshoot Séf:iy Peak
0 .
(Tr) | (Tp) (Ts) (5) (0S) (%) Error Amplitude
: (s) (s)
PID (Trial | 305 1 0737 | 2.44 21.40 0 121
& Error)
PID
(Ziegler- 0.351 | 0.854 2.82 16.60 0 1.17
Nichols)
PID
(Genetic 0.204 | 0.619 1.25 5.79 0 1.06
Algorithm)
MPC
(Optimized) | 0310 | 0:950 | 133 6.11 0 1.10

The results clearly indicate that the PID controller tuned with the Genetic Algorithm (GA) provided the most
favorable combination of fast response (low Tr, Tp, Ts) and minimal overshoot (OS). MPC also performed
exceptionally well, showing its strength as an advanced control technique. Traditional PID tuning methods (Trial
& Error, Ziegler-Nichols) stabilized the system but with slower responses and higher overshoots.

This research successfully demonstrated the application and comparison of various control strategies for aircraft
pitch control. The key findings are:

* The aircraft pitch system without a controller is inherently unstable.
* PID controllers, when tuned effectively, can stabilize the system and achieve desired performance.
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* The Genetic Algorithm (GA) proved to be a highly effective method for optimizing PID controller parameters,
resulting in superior performance (fastest settling time of 1.25s and lowest overshoot of 5.79%) compared to
traditional tuning methods (Trial & Error, Ziegler-Nichols).

* Model Predictive Control (MPC) also delivered excellent results (settling time 1.33s, overshoot 6.11%),
showcasing its capability in handling complex control problems.

Conclusion

In this research, the mathematical model for a pitch control for aircraft has been presented. The artificial intelligent
is used to optimize the PID parameters in which to perform high and accurate response. This optimization is
enhancing the pitch degree of the aircraft. System performance that used the GA artificial intelligent for tunning
parameters have been compared with MPC and classical method which are ZN and trial and error. MPC are
designed to control the pitch angle and enhanced the robust and aggressive of closed loop performance and
enhancing the performance estimation in the MPC designer for optimal performance. the fitness function has been
implemented to produce the three generation of PID parameters. Also manually, the PID parameters have been
tunned in the Trial-and-error method with 5 trials. in the final results, the GA artificial intelligent method gives a
response a much better than the MPC, ZN and trial-and-error methods. In the characteristic response, the GA
artificial intelligent has achieved a peak time batter than other methods and the overshoot is the best. However,
the GA produced a settling time better than the other methods. Generally, GA more complicated in programing
than the others. And MPC is less complicated than GA while ZN and Trail and error are easier to design. But this
algorithm will produce an optimal control system and more robustness than the others. Thus, the final conclusion
is that the GA artificial intelligent is considered to be the best optimization technique compared to the classical
methods.
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