:' frontiers | Frontiers in Physics

‘ @ Check for updates

OPEN ACCESS

Viet-Thanh Pham,
Ton Duc Thang University, Vietnam

Govind Vashishtha,

Sant Longowal Institute of Engineering
and Technology, India

NaNa Yang,

Lanzhou University of Technology,
China

Chunli Zhang,
gaozhangchunli@163.com

This article was submitted to
Interdisciplinary Physics,

a section of the journal
Frontiers in Physics

10 November 2022
28 November 2022
20 December 2022

Zhang C, Tian X and Yan L (2022),
Adaptive iterative learning control
method for finite-time tracking of an
aircraft track angle system based on a
neural network.

Front. Phys. 10:1048942.

doi: 10.3389/fphy.2022.1048942

© 2022 Zhang, Tian and Yan. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.

Frontiers in Physics

Original Research
20 December 2022
10.3389/fphy.2022.1048942

Adaptive iterative learning
control method for finite-time
tracking of an aircraft track angle
system based on a neural
network

Chunli Zhang*, Xu Tian and Lei Yan

Xi'an University of Technology, Shaanxi Key Laboratory of Complex System Control and Intelligent
Information Processing, Xi‘an, China

Based on a neural network, this paper presents a new adaptive iterative learning
control method for the finite-time tracking control problem of an uncertain
aircraft track angle system, which can control the aircraft track inclination
through the designed control input rudder deflection angle, so that it can
track the preset trajectory in a finite time interval. First, the flight path angle
system of the aircraft is abstractly modeled by variable substitution to obtain a
triangular model in the form of strict feedback. Second, radial basis function
neural network approximation is used to model the uncertain part of the
system, aiming at the abstract strict feedback model, and two virtual
quantities are designed through the three-layer inversion design method,
and then, Lyapunov functions are designed for each subsystem to derive
virtual control laws, the actual control law, and the neural network weight
adaptive laws. Through Lyapunov stability analysis, it can be seen that the
designed controller and adaptive laws can make the whole closed-loop system
tend to be stable and realize the tracking of a target trajectory in a finite time
interval. Finally, the feasibility and effectiveness of the theory are verified by a
simulation example.

KEYWORDS

aircraft track angle system, adaptive iterative learning control, neural network,
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1 Introduction

Today, aircraft has become an important tool for the human society. People are
constantly considering the flight safety of an aircraft, which is followed by the rapid
development of aircraft technology. In order to ensure the flight safety of the aircraft, it is
necessary to find the optimal flight trajectory that satisfies the trajectory constraints.
Therefore, a careful study of aircraft trajectories is required. With the continuous
development of the technological era, the control process of the aircraft has become
more and more complex [1, 2]. This has led to a new upsurge in the research on aircrafts.
However, due to the strong coupling and highly non-linear characteristics of the aircraft
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dynamics model, the design of the aircraft control law has certain
challenges. This paper mainly studies the flight path angle of the
aircraft, designs the control law of the aircraft in the finite time
interval, and ensures the safety and stability of the flight process
of the aircraft.

Under the current boom in aircraft research, many scholars
who study aircraft trajectory planning have emerged. Up to now,
it can be roughly divided into four categories: the online real-time
trajectory search algorithm based on a large environment [3],
target route planning for motion [4], aircraft planning method
for multiple tracks, and path planning method for coordinated
multiple aircraft working at the same time. For the research on
the aircraft track angle system, it is generally adopted to abstract
the aircraft track angle model into the aircraft longitudinal model
for research [5-7].

Adaptive iterative learning control combines adaptive
control and iterative learning control. In the iterative learning
control, the characteristics of an adaptive control that can deal
with systems with uncertain terms are introduced. Thus, the
problem that the adaptive control [8, 9] cannot achieve the
desired control effect in a given time is improved. Therefore,
many scholars have joined in the theoretical research on the
adaptive iterative learning control. For example, in [10], the
method of adaptive iterative learning control combined with
fuzzy control is introduced into the high-speed train model,
which solves the problem that the system has a random varying
iteration length and speed and input force constraints and
realizes the tracking control of the non-linear and uncertain
high-speed train motion system. In [11], a barrier adaptive
iterative learning control scheme is proposed, which uses
adaptive iterative learning control technology and robust
control technology to compensate for parametric and non-
parametric uncertainties and asymmetric dead zone non-
linearity. The trajectory tracking problem of the tank gun
control system under the condition of a non-zero initial error
is solved.

A neural network [12-15] is an algorithm mathematical
model for distributed parallel information processing by
simulating the network behavior characteristics of a biological
neural network using bionics ideas. The radial basis function
(RBF) neural network is a neural network with RBF as the
activation function. The existence of the RBF makes the
neural network structure have the characteristics of a local
response. Later, people found that a better system accuracy,
system robustness, and adaptability can be obtained by using
the RBF neural network to approximate. Therefore, they have
been paid more attention in the field of non-linear control, which
has triggered a large number of scholars’ research. As in [16], self-
organizing recursive radial basis function neural networks are
studied, and a non-linear model predictive control scheme is
designed to predict the future dynamic behavior of non-novel
systems. In [17], an adaptive gradient multi-objective particle
swarm optimization algorithm was designed, the AGMOPSO
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FIGURE 1
Longitudinal model of the aircraft.

algorithm was proposed, and it was used in the RBF neural
network so as to solve the problem that the RBF neural network
converges to the local minimum value.

The neural network was combined with adaptive iterative
learning control to design the controller. The combined
application of the neural network and the adaptive iterative
learning control system [18, 19] greatly improves the information
processing ability and adaptability of the system and has a great
impact on the intelligence level of the system. In [20], an adaptive
iterative learning control strategy is proposed by using the RBF
neural network, which solves the non-uniform trajectory tracking
problem of a class of non-linear pure feedback systems with initial
state errors. In [21], an iterative learning control algorithm based on
the RBF neural network is proposed, which solves the trajectory
tracking control up to the rehabilitation robot.

According to the aforementioned discussion, this paper uses
the RBF neural network algorithm and the adaptive iterative
learning control method to control the longitudinal uncertainty
model of the aircraft. Using the characteristics of the RBF neural
network approximation model, the uncertainty function in the
aircraft is approximated. Using the adaptive iterative learning
control to design the control law, on the basis that the closed-loop
system tends to converge and stabilize, the system output can
better track the desired trajectory within a limited time. Finally,
the reliability and stability of the modified method are verified by
an example simulation.

2 Model building and a controller
design

In this paper, the research on the flight path angle system of
the aircraft takes the longitudinal model of the uncertain aircraft
as the object, converts it into a strict feedback system with model
uncertainty, and then, applies the designed neural network

frontiersin.org


https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://doi.org/10.3389/fphy.2022.1048942

Zhang et al.

10.3389/fphy.2022.1048942

0.35

0.3

1,k

0.25

Maximum z
o
N

0.1

0.05 1 1 !

[o] 50 100 150

200 250 300 350 400

Number of iterations K

FIGURE 2
Curve of the maximum error zy with iteration times.
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FIGURE 3
Curve of [@jxll with the number of iterations.

adaptive iterative learning controller to the system to complete
the tracking of the ideal trajectory of the aircraft.

2.1 System specification

Due to the strong coupling and highly non-linear
characteristics of the dynamic model of the aircraft, this paper
considers controlling the inclination of the aircraft track by
inputting the ideal inclination of the rudder surface of the aircraft.
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The simplified longitudinal model of the aircraft is shown in
Figure 1:
The simplified model is

y= Lo~ ViTCOS)H-L”
o= q+icosy—fa(x—lzo,
Vr 1
ép: 9
q =M, +M56,
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FIGURE 4
Curve of [|Sikll with the number of iterations.

L,
mVp
the aircraft track. a is the angle of attack of the aircraft. 8, is the
pitch angle of the aircraft. q is the change speed of the pitch angle.

Vr is the flight speed. m is the mass of the aircraft. g is the

where we see L, = and L, = ﬁ“r, where y is the inclination of

acceleration of gravity. L, is the slope of the lift curve. L, is the
other influencing factor of the lift. My is the control pitch
moment. M, is the moment from other sources, which is
My,=My,+Msd. § is the
deflection angle of the rudder surface. At any time, the slope
of the lift curve, other influencing factors of the lift, control pitch

approximately replaced by

moment, other source moment, and other values are all unknown
constants.

By defining the states x;x =9, x2x = &, and X3 = g, the
control input is the declination angle of the rudder surface
uy = §; at this time, considering the uncertainty, the following
triangular model under a strict feedback form is obtained:

Xk = MXok + Wik (x161),
Xok = X3+ Wok (Xl,k: X2 k> t), (2)
Kak = Azt + Wik (X240 X300 1)

where Wik = fra (i) + Ak (X t), Wak = far (X1k X200+
Mk (x5 t)y Wik = fan (X200 X3k) + Az (x5, 1), and Ay (xi, 1),
i=1,2,3 are the uncertain parts, |Ajx (xx,t)|<p;, and p; is a
positive real number and

Sre(xi) = —Vicos X1k + Lo
T
Fan (X1 X2k) = Vi cos X1, — Ly = Lo ®)
T

f3,k (xz,k, x3,k) = Myxp ) + quz,k~

At the same time, a; = L, >0,a3 = M >0.
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The following assumptions about the model will be used in
the controller design process.

Assumption 1. The speed V1 will stabilize within a small region
of the ideal value through a linear controller, which is treated as a
constant.

Assumption 2. All state variables can be solved and used for
feedback.

Assumption 3. The bounds of the unknown parameters are
known, that is to say, for = 1,3, there are known positive
numbers a;,, and a;); such that a;,, <a; <ajy.

Assumption 4. The ideal trajectory is bounded, whose first and
second derivatives exist, and x% a+ a'cfd + xf 4 < x is satisfied for a
positive real number y.

The control objective is to design a neural network adaptive
iterative learning controller u, which makes the output of the
system yi(t) track the ideal trajectory y,(t) in a limited
time [0,T1].

2.2 Design of a neural network adaptive
iterative learning controller for the aircraft
track angle system

During the design of the controller, the following definition
and lemma of the convergent series sequence will be used.

Definition 1. The convergent series sequence Ay is defined as

frontiersin.org


https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://doi.org/10.3389/fphy.2022.1048942

Zhang et al.

0.07

10.3389/fphy.2022.1048942

0.06

1k

0.05

0.04

0.03

Norm of estimate of P

0.02

0.01 1 L !

! ! ! !

o 50 100 150

200 250 300 350 400

Number of iterations K

FIGURE 5
Curve of [|[Pykll with the number of iterations.

Ay = — (4)

where k = 1,2, ---;a and [ are constant parameters that need to be
designed, satisfying a>0 € R and [>2 € N.

Lemma 1. For a given sequence {%}, where k = 1,2, .-+ and the
positive integer [>2, the following inequality holds:

1
lim S 2<2. (5)

k—00 i=1 il -

Next, the whole process of the controller design is given.

Step 1. Define three errors.
Define the error between the first actual trajectory and the
ideal trajectory as

21k = Y= Yr = X1k~ Yre (6)
Define the error between the first virtual control variable x; x
and the first virtual controller a; as
Zok = Xo — Opk- (7)
Define the error between the second virtual control variable
x5 and the second virtual controller a, as

Z3k = X3k — Ok (8)

Derive and combine it with model Eq. 2 to get

. ) . . Wi 1.
Zig =Xk~ Y, =X t Wi —y, =ai| xXox + a0 )
1 1

&)

Zyk = Xog — O = X3k + Wop — &y, (10)
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Wi 1.
- 0k |-
as as

(11)

23k = 3‘C3)k - dz’k = aszuy + W3)k - dz,k = (Z3<Uk +

Step 2. Approximate the unknown parts in step 1 with RBF
neural networks.

Let
Wi o .
- = “’1T£1 (X1 t) + 01k (8),
a;
Wk = w;sz (xl,k> X2 k> f) + 02 (1), (12)
Wik

= w;Tfs (xz,k,xs,k, t) + 03 (1),

where ], wy, and w; are the ideal weight, [|w;|| < @y, lw3ll < W,
. -

lwsll<wy, and i, wy, w3 are unknown parameters, The

corresponding adaptive control law needs to be designed for

estimation, and the specific design will be explained later.

01k 02k, and o3 are approximation errors, and
lovkl < oums |02kl S oy o3 k| S O
Simultaneously,
. " 1.
21k = a1| Xok + W,y & +o— a—y, > (13)
1
. - .
Zok = X3k T W, &+ oo —dnges (14)
. *T 1 .
Zyx = as| U + wy & + 03y — a—txz,k . (15)
3
Define
T T T T T 1
W, =W ,w, =0, ,w; =0, , (16)
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1
7:P17 *:Pz. (17)

Step 3. Select the Lyapunov function to design the controller.

According to the closed-loop system composed of the
triangular model and the actual controller in the form of
strict feedback, in the case of satisfying the four assumptions,
it can be obtained from the second principle of Lyapunov
stability in the preliminary knowledge, the set V(x) must
satisfy the positive definite condition, and the reciprocal
satisfies the negative semidefinite condition to achieve
asymptotic stability.

The Lyapunov function is designed as follows:

a 2

1 arr 1~ a2 15
Vig= 22+ S0l G+ S TS+ STy, (18)
1, 1, 4 1,2 1
Vz,k = Ezik + sz)kl"‘;la)z,k + Er;szk + a—lVl,k, (19)
1 as .p 5~ a3 2 3 =2
Vi= o2+ S0l Gsx+ DTS 4 ST Py asVag,

(20

where wix = @;x — w; , g,-yk = §i,k -S,i=12,3, lsl)k = Pl,k - Py,
f’ch = f’zyk - P,,and S = d%,. Gix, §i,k, f’lyk, and f’z,k are estimates
of w;, S;, Py, and P,, respectively.

The virtual control laws a; x and a,x and the actual control
law uy are designed as

. 1 a P
Kk = —wlT,ka - A_kzl,ksl,k -z + Py, (21)
. 1 a .
ok = —wikgz - A—kzz,ksz,k —CZyk t Mk — Ziks (22)
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1 ~ ~
~T .
Up = —W;3,.83 — —Z3xS3k — €323 + Pogoi — 2o (23)

Ay

where ¢, ¢, and ¢; are normal parameters that can be
designed.

Step 4. Design the parameter update law.

. A I, = .
Wik = rlfﬂl,k; Sk = FZA_ZL]() Py = r3yrz1,k> (24)
k
~ A 1 2
@k = Tubr20p, Sop = FSA_ZU@ (25)
k
] A 1 N .
W3 = rsfaza,lo Ssk = F7Zz§’k’ Py =Tsariz3, (26)
k

where I';,i = 1,---, 8 are a positive definite diagonal gain matrix
of suitable dimension, I; = l"iT > 0.

Assumption 5. As far as the initial state is concerned, for any k,
when t=0, x16(0) = y,(0), Wik (0) = @1 (T),
Sik (0) = Sik-1 (1), Py (0) = Pyj (T), and Py (0) = Pry (T).

3 Stability analysis

According to the obtained strict feedback model Eq. 2 and the
specific controller designed in Section 2.2, the stability analysis of
the designed controller will be carried out in the following

sections.

Theorem 1. Under the condition that assumptions 1-5 are
satisfied and the stability function at the initial equilibrium

frontiersin.org
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. . . . . e o~ 1.
state is less than any normal number, design virtual control V2,k:ZZ,kZZ,k+w£kr4lw2,k+rslsz,ksz,k+;V1,k:ZZ,k
laws (21) and (22), the actual control law (23), and the !

(Z3J< + ok +w§£2 *dl,k) +22k02k
parameter update law (24-26) can observe that all signals :

+cD£kF;1 (iJz,k +1“;1§2,k§2,k +_Vl,kSZZ,k (ZS,k +0ok +w§fl _dl,k)
of the closed-loop system are bounded on [0,T], and the tea|oas] !

2k|[92k

tracking error z; (t),i = 1,2,3 converges asymptotically.

~T o1 A 18 @& ; T .
. . .. . @, Iy @+ T3 SokSak+—Vik<zak (Zs,k Tt w, & _‘xl,k)
According to the assumptions, definition, and lemma, it is | | a
+Z2k|0Mm

easy to prove that the conclusion of the theorem holds. The proof P PO e -
+w2’k1“4 Wy i+ F5 SzykSZ,k + a_Vl'k <Zyk (Zg,k +o kW, fz —Oél,k)
1

process is as follows:

1
V1« and the derivation process of the error system (13) are as +A—Z§ KO+ _Ak
k
follows: +@0, T} o +T; szkszk+ Vl =22k (z3k+txzk+w2 & —duy)
1
+A—z2ks+4Ak+w2kF wzk+r Szkszk+ Vlk (28)

Vl,k =Z1gZik + ﬂld){krf&)l,k + alrglgl,kgl,k + alrglf)l,kpl,k
= alzlk(ZZk + a1k +‘UT§1 + 01k —Plj./,) .
+a1w1k1" a)lk + all" SlkSlk + {er Plkplk
= alzlk(sz + o+ 0 & —P1y,) + @1Z101k

Vi and the derivation process of the error system (15) are as

follows:

+a1w1,k1“1 wl,k +a1F2 sl,ksl,k +a11“3 Pl,kPLksalzl,k
(Zok + i + (UT€1 -Piy,) +ﬂllzlk”01k
+a1w1k1" w1k+a11" Slk81k+a11" PlkP1k<a121k
(sz+061k+w & -Piy,) +ﬂ1|21k|0M

Vk = Z3,kZ.3,k + a3&)£kl‘gl (‘:)3‘]< + a3I‘;1§3,k.§3‘k + a3I‘8’1}~>2,k132,k + a3V2J$
= aszsx (e + W& + 03 — Pogdng) + aarD3TkF’1<l33k +a315185,854
+a3F711~)2k1§2k +aVoy = aazak(uk + w% Prdy) + a323403
+u3w3k1" w;k + a;l" S3 ks3k + a3F szPZk + tl3Vzk <aszzzi

+alw1,kr1 Wy +a Ty SaSix + aly! PyPir<aizix (g + @3 &5 — Pzaz,k) + as|zs k]| o3
a a . ~ ~
T . 1 2 1 ~T el A _ A _ Py .
(zz,k + ke + W) & - Pl}’,) + A_Zl,kUZM + ZAk +ﬂaw3,kr6lwa,k + a3r7153,ks3,k + ﬂ3r31P2,kP2,k +a3Vor<aszsi
bs .
. _ . Ok - (e + w3 &5 — Pada) + aslzs,klaM
+a (Z)T I'e kta F’IS Six +a1I"lP kP k ~T o1 A -1 & -135 B "
1%k L 152 PLkOL 1 L +a3w3k1"6 w3+ a3F S3 ks3k + a3F szPZ,k + a3V2,k <asZzpk
— T o a5
= mzik (zok + arp t @ & — P1y,) + ZlkS + Ak (g + W& — Pydiyy) + zskaz + &
~T -1 A -1¢
+a1w1,kr1 Wy t+ alrz Sl’ksl’k + a1r3 Pl,kpl,k' (27) +u3w3k1" w;k + a31" S3kS3k + a31" PZkPZk + ﬂ3V2k = a3Z3

as
(ke + Wl &y — Pydoy) + A—zlkaM
V>, and the derivation process of the error system (14) are as as Y ko S .
follows: +1Ak + 303, T Qs +a3T5 S3xSax + asly PogPog +asVar.  (29)
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Substitute Eqs 21 and 24 into Eq. 27 to get

. ) a,

Vl,k S Z1kZak — aic1zy + ZAk (30)
Substitute Eqs 22 and 25 into Eq. 28 to get

. 2
Vak SZoxZsk — Q121 — 225y + ZAk' (31)

Substitute Eqs 23 and 26 into Eq. 29 to get
; 2 2 2, 3
Vk < - a3Clzl,k - a3szz,k - a3C3Z3,k + TAk’ (32)

where for any r >0, we have mn<im? + in*r  (r = Ap).
According to Assumption 1, there are z; (0)? = 0<zix (T)?
and i = 1,2, 3, and by Eq. 20, we get

Vi(2ik (0), @1k (T), Sie (), Py (T), Po (T))
~ . . T (33)
< V(21 (00, (0).5,(0) Pui (01, Pos 0) + [ Vi,

Substituting Eq. 32 into Eq. 33, we get
Vie(2ik (0), @i (T), Sie (T), 1 (T), Py (T))

<V (21x (0), @1 (0), Sic (0), Py (0), Py (0))

(34)
3 k ,T k
3
Y[ ez 2R Yo
i=1j=1 0 4 j=1
Let Vo = Vi (zix (0), @ik (0, Si (0), Py g (0), Poy (0)) +

3as; k . . .
T‘ZI_: 1A ;T be substituted into Eq. 34, rewritten as

Frontiers in Physics

400 500 600 700

Time(0.01s)

3 k T
Z J a3CiZ,-2’jdtSV0 (k)
=170

i=1j

= Vi(2ik (0), @1sc (), Sise (T), Pr (T), Py (T)). (35)

According to Eq. 5, klim Vo (k) <V +2 (3a3)T, Vo(k) is
bounded, o and
Vi (zik (0), @ik (T), Si (T), P1x (T), Pox (T) 20, s0

3 (T
lim J asc2dt = 0. (36)
0

k—o00 i1

According to Eq. 20, for any k, Vi (t) = Vi (0) + I; Vi (1)d,
Eq. 29 is substituted, then

3 T
3
Vi) = Vi) - ¥ [ ascchdre 20a ()
0 ’ 4

i=1

According to Eq. 36, Z; IZ a3cizzkdt is bounded.
According to Definition 1, Ay is bounded, and t € [0,T];
therefore, t%Ak is bounded.

According  to @ik (0) = g1 (1), Sik(0) = Sipn (1),
P1x(0) = Pyjy (T), Pry(0) = ﬁZ,k:l (T)(if L2, 3): and Eq.
34, for any k, V(0,0 (T),Sik(T),P1x(T),Ppi(T)) is
bounded  and Vi (0,@;(0), Sk (0), Pri(0), Py (0)) =
Vi1 (0, d)i,k—l (T)>~§i,k—1 (T)»pl,k—l (T), pz,k—l (T)) is bOlAlHded-
It can be seen that for any k, Vi(t), @ik (T), Sik(T),
Pl,k(T), and pz,k(T) are bounded. Therefore, u; and
zix(i=1,2,3) are bounded, z;x is consistent and
continuous, so klgglo zik(t)=0,(i=1,23).
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Trajectory trace graph for iteration 400.

4 Simulation analysis

According to the control model established in the design part
of Section 1,

X1k = BXok + Wik (X1401),
Xok = X3k + W (xl,k) X2k> t);
Xag = asth + Wk (o4 X300 1),

(38)

where Wik = fix(xix) + Ak (x6 1), Wak = far (X100 X200+
Agg (x> 1)y Wik = far (g X35) + Dap (xp 1), Aige (X £), 1=
1,2,3 is the uncertain part, |Aji(xkt)[<p;, , and p; is a
positive real number and satisfies

fl,k (xl,k) = _Vl COS Xy + io;
T

fz,k (xl,k) xz,k) = g COS X1k — Iio - Lxxz,k, (39)
Vr

Sfak (X200 X3%) = MaXog + Myxsi,

where a; = L, >0,a; = M >0.

The ideal trajectory x4 = sint is given corresponding to the
example hypothesis. Take A x = 0.01 sin 2¢, A, ;. = 0.1 cos 2¢, and
Asx = 0.05sint cos 2t.

The unknown physical parameters are selected as follows:
Ly=-0.1,L, = 0.74, M, = 0.1, M, = —0.02,and M5 = 1.36.

Assume the stable speed V1 =200m/s and g = 9.8m/s?,
where the initial state of the model takes x(0) = [000]7.

From the controller design part in Section 2, it can be seen
that the functions that need to be approximated by the RBF
Wy W,, and v:—; Nine hidden nodes are

neural network are o
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selected, the center of the Gaussian basis function is evenly
distributed in the range of [-1,1], and the width is 5.3, then
the initial values of the network weights are set as

Wi = [11.60.10.10.10.10.01 0.010.01 0.01]",
Wo = [10.0010.010.010.0010.01 0.010.010.001]”,
W0 = [300.010.10.010.01 0.010.000.01 0.009]".

Let all the initial values x4 (0), x,,0 (0), and x3 (0) be zero.
All the initial values S;(0),S,0(0),S;30(0) are 0.1, and the
initial values P;(0) and P, (0) are both 0.01. All the initial
errors are zero, p; = 0.01, p, = 0.1, p; = 0.05, a;n = 0.74, and
aspy = 0.36.

The control parameters are selected under the condition that
Lyapunov  stability  is satisfied. c1 =23,c,=3,¢c3 =
40,T) = diag{420.10.1220.10.10.10.1},T, = 70,T3 = 0.1,

I'y = diag{370.10.10.10.10.10.10.10.1}, s = 1,

I's = diag{400.10.10.10.10.10.10.10.1},I'; = 1000, s = 0.1.

The simulation is carried out under the actual control law
Ue = —&)ng3 - A%Zs,kgs,k —C3Z3k + on'cz,k — 2z and the adaptive
: Ok =T161210 Pi=T39,21%
Wk = Tu&rzap Sox = FsAlkZQk, @3 = Ts&sz3k, S3p = F7ALkZ§)k,
Py =Tsdakz3k, and the given initial state. The simulation

law Sl,k = FzAisz,k,

results are as follows.

From Figure 2, the inclination error of the aircraft
trajectory can basically tend to zero with the increase in
the number of iterations. The simulation results from
3-6 show the boundness of the

Figures designed
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parameters. Figure 7 shows that as the number of iterations
increases, the control input can remain unchanged, and the
stable state of the controller and the control effect are good.
By comparing the tracking effect in Figures 8, 9, the
tracking effect is more significant with the increase in
iteration times.

In summary, the designed neural network adaptive iterative
learning controller is suitable for a tracking control in a limited
time period and the RBF neural network has a very good effect on
approximating any unknown parameters.

5 Conclusion

This paper proposed a new adaptive iterative learning
control method for the flight path of the aircraft to complete
the tracking control problem in the finite time interval based
on the RBF neural network. According to the feedback
system in the form of strict feedback abstracted by the
longitudinal model of the aircraft, the method of an
inversion design is adopted, and the virtual control law is
designed to control each subsystem, and finally, the actual
control law is obtained by inversion. For each subsystem, a
neural network is used to approximate the unknown
function in the control, which can greatly improve the
control performance of the uncertain system. According
to the Lyapunov stability function set by each subsystem, the
adaptive law of the neural network that meets the
constraints is derived. According to the error between the
system output and the ideal trajectory, the adaptive weights
and the adjustment parameters are updated to make the
entire closed-loop system tend to convergence and stability,
and the control objectives of system stability and all signals
in a bounded area are achieved. Finally, the effectiveness
and feasibility of applying the controller designed by the
neural network adaptive iterative learning control method
to the aircraft track system are verified by the example

simulation.
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