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Abstract— The aircraft pilot must cancel the aircraft lateral
deviation with respect to the runway before the starting of
the landing process. This is made by means of automatic
command systems for the flight direction control with radio
navigation system and equipment for the measurement of
the distance between the aircraft and the radio marker. In
this paper the authors present two such systems: an
automatic command system for the flight direction control
and an automatic command system for the flight direction
control with radio navigation system and DME (the
equipment for the measurement of the distance between the
aircraft and the radio marker). For the orientation and
stabilization of the aircrafts on the runway direction, the
second system may be used with good results. This system is
tested by means of numerical simulations in Matlab
environment for a light aircraft.

. INTRODUCTION

The landing process is simplified if the aircrafts
movement in lateral plane is made without errors
(deviation of the aircrafts from the runway direction is
zero). That is why the systems for the automatic command
(control) of the flight direction are very important.

The aircrafts are controlled during the cruise flight so
that they follow the signals provided by the direction radio
marker; the control is made, in the most of the cases, by
means of VHF Omni directional Range (VOR) navigation
system. This system is used with equipment (DME) for
the measurement of the distance between the aircraft and
the radio marker. During the landing process, the VOR
system is replaced by the Instrumental Landing System
(ILS) and the radio marker direction is, in this case, the
runway direction (Fig. 1) [1].

For the aircrafts landing process the Automatic Landing
Systems (ALSs) are used. The first Automatic Landing
System was designed in England in 1965. From that
moment, most aircrafts have ALS based on the
Instrumental Landing System (ILS) for the aircrafts
control [1], [2] by using proportional-derivative (PD),
proportional-integral ~ (Pl) or  proportional-integral-
derivative (PID) conventional laws for the altitude and
descend velocity control [3], [4], [5], and PD or PID
conventional laws for the pitch angle and pitch rate
control.

The use of GPS and the increase of the sensor
performances lead to the increase of the landing trajectory
track accuracy [6], [7], [8], [9]- The sensor errors must
have an insignificant influence on the landing process
performances.

For different flight conditions, the controlled
parameters should be kept in a specific flight envelope,

defined by the Federal Aviation Administration (FAA).
The environment conditions required by FAA are: head
wind — 25 knots, rear wind — 10 knots, lateral wind — 15
knots, moderate turbulence, wind shears of 8 knots per
100 ft at 200 ft to touchdown [10], [11], [12]. If the flight
conditions are outside the specific envelope, then the ALS
is disabled, and the pilot takes the aircraft control.
According to the international statistics, 62% of aircraft
accidents are due to the atmospheric disturbances (wind
disturbances).

In recent years lots of scientific researches have applied
the intelligent concepts for the aircrafts automatic control
during the landing process, by using the optimal synthesis
H,,H_,H,/H_ [10], [12] and the adaptive synthesis
based on the dynamic inversion theory, the neural
networks theory [3], [13], and the fuzzy techniques [14],
[15], respectively. The intelligent techniques have the
advantage of very good adaptability, robustness, and
software implementation capabilities

Before the two stages of the landing procedure (the
glide slope descend and flare stage) begin, the pilot must
cancel the aircraft lateral deviation with respect to the
runway. This is made by means of automatic command
systems for the flight direction control with radio
navigation system and equipment for the measurement of
the distance between the aircraft and the radio marker. In
this paper the authors present two such systems and test
them for a light aircraft.

Il.  AUTOMATIC COMMAND SYSTEMS FOR THE FLIGHT
DIRECTION CONTROL

The landing approach is considered to be precise if the
deviation of the aircraft direction does not overcome 20-
30 angular minutes and the deviation with respect to the
glide slope is less than 10-15 angular minutes. Thus, in the
landing approach stage, deviation of the aircraft mass
center must not overcome +5min vertical plane and
+15m in horizontal plane, while, when touching the
runway, the maximum errors must be +0.5m in vertical
plane and £5m in horizontal plane [2].

The lateral deviation of the aircraft with respect to the
radio marker direction is expressed by the course angle
G =wy—vy,;yis the flight aircraft direction measured
with respect to the geographic North (the angle between
the direction of the velocity vector in horizontal plane V,
and the direction of the geographic North), while v is the
radio marker direction. In Fig. 1, A is the angle, measured

in horizontal plane, between the aircraft longitudinal axis
and the radio marker direction.
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Figure 1. The geometry of the aircraft movement in horizontal plane
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Figure 2. Bock diagram of the automatic command system for the flight direction control
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Figure 3. Bock diagram of the automatic command system for the flight direction control with radio navigation system and DME

In Fig. 1, we remark that [1]:
; y y
sinA ==\ =57.3=[deg], 1
R  [ded] 1)

where y is the aircraft lateral deviation with respect to the

radio marker direction and R is the distance between the
aircraft and the radio marker;

R(t)=R, —Vt,R, = R(0). )

From the velocities triangle it follows [1]:

. . VA
- =0 (y- — deg. 3
y =VosinAi 57.3(\41 ¥).[Ay]=deg ®3)

The equations of the lateral movement of the aircrafts
are [5]:

AB=Y,AB—Aw, + Vicos 00AQ -+ Yy, Adg

x0
Ady =LAV + L Ao, + LiAw, +Lg AS, + L5, Ady,
Ad>, = NJAV, + N7 Ao, +NjAw, +Nj, A3, + Nj A3y, (4)
Ap = Aw, +tan 0, - Aw,,
Aw,
€os 0,

AV =

where B is the aircraft sideslip angle, V, - the initial
value of the aircraft velocity along the longitudinal axis
(Ox), ®, — the roll angular rate, , — the yaw angular
rate, 0, — the initial value of the pitch angle (6), Vv, —
the aircraft velocity along the lateral axis of the aircraft
(Oy), g— the gravitational acceleration, &, — the

deflection of the ailerons, 5, — the rudder deflection. The
above equation, for a stabilized regime (0, = 0), if the

movement is coordinated ([3 = O), becomes:
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From the above equation it follows that the calculated
value of the roll angle (¢, ) is proportional with the yaw
angular rate (o, ~ vs); y must aperiodically tend to
and that is why we choose [1]:

0. =k, (W-v)~y (6)
and, taking into account this, equation (5) gets the form:
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If we choose a proportional — derivative (P.D.) control
law for the roll angle control, i.e.

6eC = k(p((pc - (P)_ kq;(bv (8)

equations (5), (6), (8), together with the dynamic model of
the aircraft lateral movement, and the model of the servo
mechanism for the aileron actuating, lead to the block
diagram from Fig. 2 [1].

By using the information from the navigation system
(2 and R), @, may be calculated and the control system

in Fig. 2 is equivalent with the one in Fig. 3.

The model of the subsystem represented by the
navigation system (together with DME - the equipment
for the measurement of the distance R) is obtained as
below; equation (1) is derived with respect to time and we
eliminate y between equation (1) and equation (3); after

that we eliminate s between the new equation and
equation (5); we obtain successively:

. 573 57.3 - 57.3.3573 V
A= y — Ry = y = .9 9
R Y R? V=R R 573 ®©)
Thus, we have:
S/ V, 1 V, . Og
G0 Ay =0 Iay Yo, 29, (10
ROV TR sYVTRYTR? (10)

By elimination of the roll angle ¢ between (10) and

(5), and taking into consideration that the distance R is
appreciatively constant during the dynamic regimes of the
physical variables in Fig. 3, it follows:

Ay, ~ AL =1 (11)

The control law of Ay, is chosen P.I.D. type
(proportional — integral — derivative) so that
AL =X =%, =0. Taking into account that Ay must not
be calculated as in Fig. 3 and it must be measured by
using a direction gyro, an ideal integrator is placed, like in
Fig. 2 too, on the direct way of the subsystem with the

input Ay, and the output Ay. Thus, in steady regime we
write:

AWCZAW:(PCZ(P:COXC:wx:y:yzo- 12)

I1l.  DYNAMICS OF THE AIRCRAFT IN LATERAL PLANE

For the orientation and stabilization of the aircrafts on
the runway direction, the system in Fig. 3 may be used.
For the study of the system dynamics, we consider an
aircraft Charlie-1 [1].

The equations of the aircraft lateral movement are [5]:

AV, =Y, AV, -V, oAw, +§C0s 0,A0+Ys, Ady,

Ao, = L\’,AVy + L'pA(uX +LAw, + LéeAé‘)e + Lgd Ady,

Ad, =N,AV, +NpAo, + NiAw, +Nj AS, + N, Adq, (13)
AP = Ao, +tanb; -Aw,,

. Ao,
Ay = .
cos 0
Ignoring, by notation, the symbol A, the state equation

which describes the lateral movement of the aircraft is [5],
[16]:

X = Ax + Bu, (14)

with the state vector x=B/y Oy O, @ \V]T, the

command vector u =3, Sdr, and the matrices A and

B of forms:

a; &, a3 & 0| 1Y, 0 -V, gcosf, 0
B 8, B3 8y 0 L L Lr 0 0
A=lag as a3 ag 0|=|N, N} [\ 0 0},
0 1 tm, O O |0 1 tan0, o o (15
|0 0 l/cosf, 0 O 0 0 1/cos6, 0 0
[biy by, 0 Y

by, by, Lée Léd
B=|by by (= N%e N%d .
by, byy 0 0
[bs1 bs, 0o 0

The elements of the above matrices are calculated with
respect to the stability derivates, using the equations [5]:

|A=jXZ,|B=JXZ,|'=1—|A|B,
XX 2z
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M,,M, are the components of the aircraft resultant
moment along the axes Ox and Oz (the longitudinal and
vertical axes), J,,J, — axial inertia moments with

z
respect to axes Ox and Oz, J,, — planar inertia moment
with respect to the aircraft vertical plane Oxz .

For the Charlie-1 aircraft, the coefficients which
interfere in equations (15) and (16) are [1]:

V, =67[m/s]Y, =-0.089[deg/m 5],
L, =-1.33[deg/ms], L}, =-0.98[1/s],
L, =0.33[1/s],N} = 0.17[deg/m -s],
N', =-0.17 [L/s], N} =-0.217 [u/s],

Ys, :1[m/deg -52], L, = 0.23[1/52],
Lg, =0.06 b/sz], N}, =0.026 b/sz],
N, =-0.15 [1/52].

(18)

To express the sideslip angle (B) as a state variable, we
use the relationship:

(19)

and we obtain the equations (4) or the state equation (14)
with the matrices A and B of forms [1]:

PID
Contraller

k_fi_derivative

S
+

-0.089 0 -67 9810 0 1
-133 -098 033 0 O 0.23 0.06
A=| 017 -017 -0.217 0 0|,B =0.026 —0.15]|. (20)
0 1 0 00 0 0
0 0 1 00 0 0

IV. SIMULATION SIMULATIONS

Using the Matlab/Simulink environment we tested the
automatic command system for the flight direction control
with radio navigation system and DME (Fig. 3).

The transfer function of the direction controller in Fig.3

Ay (s) 1
H (s)=—2 =k |1+ —+Tys |, 21
-2t e
while the transfer function of the servo — aileron is:
8.5) 1 22)

5., (5) Tes+1

The parameters that interfere in the above two equations
and in the block diagram of the system (Fig. 3) are:

T, =2[s],T, = 41-103[s], T, = 6.58[s], k, = 0.6,
k, = 4.1,k, =200, k, = 800 [deg/(deg/s)],
k, =1[V/deg], R, = R(0) = 6700[m], V, = 67 [m/s].

(23)

The model of the aircraft lateral movement has the
general form (14) with the matrices A and B of form
(20). To obtain the time function y(t) and y(t), we used

the relationship [1]:

y = =2 Ay, (24)
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Figure 4. Matlab/Simulink model for the system in Fig. 3

To obtain the time variations of the main variables
which characterize the direction control system, the
Matlab/Simulink model from Fig. 4 has been used. This

Matlab/Simulink model is the representation of the system
from Fig. 3 in Matlab environment.
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Figure 7. Time variation of the variables R, 3, , o, , ®,



In Fig. 5-7 we represented the time variations of the
main variables which characterize the command system
for the flight direction control: ?,Y,Y.Vy (Fig. 1), Ay,

AV, L, (Fig. 2), and R,8,,0,,0, (Fig. 3), respectively.
y denotes the aircraft lateral deviation with respect to the
radio marker direction, y is the lateral deviation rate, and
V, — the aircraft lateral velocity. As one can see in Fig. 5,

all these variables tend to zero; that means that the system
in Fig. 3 cancels the aircraft lateral deviation with respect
to the radio marker direction and the aircraft direction is
now the direction imposed by the radio marker. The
transient regime takes about 40-60 seconds, but this is not
a problem, because the direction control system begins to
work long time before the starting of the landing process.
For this aircraft type (Charlie-1), the first stage of the
landing process (the glide slope descend) begins when the
aircraft is 30 m above the ground, while the second stage
of the landing process (the flare maneuver) begins at 3 m
above the ground.

In Fig. 6 we notice that the errors Ay, Ay tend to zero

in the interval of 60 seconds; the system cancels the angle
A (the angle measured in horizontal plane between the
aircraft longitudinal axis and the radio marker direction)

and its derivative (k) Thus, in steady regime, we note
that Ay =Ay =1=A=y=y=0; the distance between the
aircraft and the radio marker (R) becomes zero in about

100 seconds — Fig. 7. Because now the aircraft direction is
the desired one, the pilot must not deflect the ailerons and
the rudder any more; thus, these deflections are zero
(8, =84 =0), and, as a consequence, the roll angle, the

roll angular rate, and the yaw angular rate become zero —
Fig. 7.

V. CONCLUSION

The landing process is simplified if the aircrafts
movement in lateral plane is made without errors
(deviation of the aircrafts from the runway direction is
zero). That is why the systems for the automatic command
(control) of the flight direction are very important. The
landing approach is considered to be precise if the
deviation of the aircraft direction does not overcome 20-
30 angular minutes and the deviation with respect to the
glide slope is less than 10-15 angular minutes.

The system (autopilot) presented in this paper may be
used, with good results, to the automatic control of the
aircrafts flight direction before the landing process. The
paper authors validated the obtained autopilot by
numerical simulations in Matlab/Simulink and obtained a
lot of time characteristics (time variations of the variables
involved in the approach landing process).

The authors intend in the future to project an automatic
pilot, based on dynamic inversion or on the backstepping
method, for the whole landing process.

ACKNOWLEDGMENT

This work was supported by CNCSIS-UEFISCSU,
project PN 11-RU, No0.1/28.07.2010, “High-precision strap-
down inertial navigators, based on the connection and
adaptive integration of the nano and micro inertial sensors

in low cost networks, with a high degree of redundance”,
code TE_102/2010.

REFERENCES

[1] Mc.L. Donald, Automatic Flight Control Systems. Prentice Hall
Publisher, 1990, 593 pp.

[2] 1. Aron, R. Lungu, C. Cismaru, Sisteme de navigatie aerospatiala,
Editura Scrisul Romanesc, Craiova, 1989.

[3] S. Singh, R. Padhi, “Automatic Landing of Unmanned Aerial
Vehicles Using Dynamic Inversion”, Proceedings of the
International Conference on Aerospace Science and Technology,
26 — 28 June, 2008, Bangalore, India.

[4] J.G. Juang, K.C. Cheng, “Application of Neural Network to
Disturbances Encountered Landing Control”, IEEE Transactions
on Intelligent Transportation Systems, vol.7, no.4, 2006, pp. 582 —
588.

[5] M. Lungu, Sisteme de conducere a zborului, Sitech Publisher, 2008.

[6] R. Lungu, Automatizarea aparatelor de zbor, Universitaria
Publisher, Craiova, 2000.

[7]1 1. Aron, R. Lungu, Automatica girostabilizatoarelor,
pedica Publisher, Bucharest, 1994.

[8] R. Lungu, L. Grigorie, Traductoare accelerometrice si
girometrice, Sitech Publisher, Craiova, 2005.

[9] L. Grigorie, Strap-down inertial navigation systems. Optimization
studies, Sitech Publisher, Craiova, 2007.

control

[10] J. Che, D. Chen, “Automatic Landing Control using H

and Stable Inversion”, Proceedings of the 40" Conference on
Decision and Control, Orlando, Florida, USA, 2001, pp. 241-246.
[11] Federal Aviation Administration, Automatic Landing Systems,
January 1971, AC 20 - 57 A.
[12] R.J. Niewoenhner, LI Kaminer, “Design of an Autoland

Controller for an F-14 Aircraft Using H_ Synthesis”, Journal of

Guidance, Control and Dynamics, vol. 19, no. 3, 1996, pp. 656 —
663.

[13] R. Mori, S. Suzuki, “Neural Network Modeling of Lateral Pilot
Landing Control”, Journal of Aircraft, no. 46, 2009, pp. 1721 —
1726.

[14] LLA. Abdullah, A.A. Ayman, “The Advantages of PID Fuzzy
Controllers Over The Conventional Types”, American Journal of
Applied Sciences, 5 (6), 2008, pp. 653-658.

[15] K. Zdenko K., B. Stjepan, Fuzzy Controller Design — Theory and
applications, Taylor and Francis Group, 2006.

[16] J. Corcau, E. Stoenescu, “An adaptive PID fuzzy controller for
synchronous generator”, WSEAS International Conference,
Heraklion, Crete Island, Greece, July 22-24, 2008, pp. 434-438.

Enciclo-



