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%%% ---- State Variables -—-——————- 33
%% x = [ vt ( ft/sec ) - velocity %%
%% alpha ( rad ) - angle of attack %%
$%% beta ( rad ) - sideslip angle $%
%% phi ( rad ) - Euler angle %%
$%% theta ( rad ) - Euler angle $%
%%% psi ( rad ) - Euler angle %%
%% P ( rad/sec ) - roll rate %%
%%% o} ( rad/sec ) - pitch rate %%
%% R ( rad/sec ) - yaw rate %%
%%% integral of north speed ( ft ) - north displacement %%
%% integral of east speed ( ft ) - east displacement %%
%% integral of vertical speed ( ft ) - altitude %%
%% pow ( percent, 0 <= pow <= 100 ) - power ]; %
%$%% —---- control Variables —--——-—----- %%
%$%% u = [ thtl ( 0 <= thtl <= 1.0 ) - throttle %%
%% el ( deg ) - elevator %%
$%% ail ( deg ) - aileron $%
$%% rdr ( deg ) - rudder ]; %%
%%% —-—-—- parameters ---—-—-—---- %%
%%% xcg - center of gravity position as %%
%%% fraction of mean aerodynamic chord %%
%%% —---- Output Variables —--—-——-————- %%
%$%% output = [ x _dot - 1lst order derivative of state x %%
$%% an ( m/sec”2 ) - normal acceleration %%
%% alat ( m/sec”2 ) - lateral acceleration in y-axis %%
%% gbar ( psf ) - dynamic pressure %%
%% amach - mach number %%
%%% q rad/sec ) - pitch rate %%

alpha ( rad ) - angle of attack ];

o° o°
o° o°
o° o°

function [ x dot, an, alat, gbar, amach, g, alpha,Mudot ] = F18 dynam (
time, x, control, xcg )

5% ————————- constant variable ----—-----—--————--—-
rtod = 180 / pi; %% radians to degrees
% Inertia constants

cbar = 11.52;%-—------ ft-----

b = 37.42;

mass = 1036; %—--- mass ---

rm = 1/mass;

Xcgr = 0.25;

g = 32.2;

Ix = 23000*1;
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Iy = 151293*1;
Iz = 169945*1;
Ixz =-2131.8*1;
s = 400;
1xt = 18.17;
1yt = 2.23;
he = 0.0; % engine angular momentum

cl=( Iz*(Iy-Iz)-Ixz"2 )/ (Ix*Iz-Ixz"2);
c2=( Ixz* (Ix-Iy+Iz))/ (Ix*Iz-Ixz"2);
c3=Iz/(Ix*Iz-Ixz"2);

cd=Ixz/ (Ix*Iz-Ixz"2);

c5=(Iz-Ix)/Iy;

c6=Ixz/1y;

c7=1/1y;

c8=(Ix* (Ix-1y)-Ixz"2)/(Ix*Iz-Ixz"2);
c9=1Ix/ (Ix*Iz-Ixz"2);

%% —---- Assign state variables ---------------
vt = x(1);

alpha = x(2) * rtod;
beta = x(3) * rtod;

o\

%

x(2) in radians, alpha in degrees.
% x(3) in radians, beta in degrees.

o\

phi = x(4);

theta = x(5);

psi = x(6);

p = x(7);

q = x(8);

r = x(9);

alt = x(12);

pow = x(13);% power

% —-—-- Assign state & control variables --—————-—-—-————-
thtl = control(1l);

el = control (2);

ail = control(3);

rdr = control(4);

% —--—- Air Data computer and engine model ---—------—---
[tfac, t, rho, amach, gbar, ps ] = adc ( vt, alt );
scpow = tgear (thtl);

%$x dot (13) = pdot ( pow, cpow ); %% x dot(l3) = power derivative
%x_dot (13) = 0; %% x dot(13) = power derivative

o
]

T1=11200.*.7;
T1=16000.*1.3;

th=130;

thrust=( 24000+5500*sin( 2.1* (amach-0.7) ) )*( (th-30)/100 );

o\°

t=thrust*thtl;
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if alpha < 10
CL=( 0.0751*alpha+.2292 );

% CL=( 0.0751*alpha-0.0309 );
else
CL=( -0.00148* (alpha)"2+0.106*alpha+0.1312 );
end
CLde=0.0144; === F-18 (per deq)

if alpha < 20
CD=( 0.0013* (alpha)”"2-0.00438*alpha+.03322 )*1;
CD=( 0.0013* (alpha)"2-0.00438*alpha+.0297 )*1;
else
CD=( -0.0000348* (alpha) *2+0.0473*alpha+0.45846 )*1;
end
CY= -0.0186*beta+ail/25* (-
0.00227*alpha+0.039) +rdr/30* (0.00265*alpha+0.141) *1;
Fm— Pitch-moment coefficient:-----—-----—---—-

CM=( .0019885-.0043700*alpha );
Cmde=-.0196*1; f—————= F-18 (per deq)
Cmg=-.0615*1;

%--- -5<=alpha<=15 ----Roll-moment coefficient:----
if alpha < 15
Cl0=( (-.00012*alpha-.00092) *beta );
else
Cl0=( (.00022*alpha-.006) *beta );
end

% Clp=-.01575;
Clp=-0.0315*1;
Clr=0.0126%*1;
Clda=( 1./25%(.00121*alpha-.0628) )*1;
Cldr=(-1./30*(.000351*alpha-.0124) )*1;

R Yaw-moment coefficient:----
if Dbeta< 10
CnO=( .00125*beta );
elseif alpha >= 10 & alpha < 25.d0
CnO0=( -.00022*alpha+.00342 ) *beta;
else
CnO0=( -.00201*beta );
end

Cnr=-.0142*1;
Cndr=( 1./30%(.000804*alpha-.0474) )*1;
Cnda=( 1./25*(.000213*alpha+.00128) )*1;

CL=CL+CLde*el;
Cm=CM+cbar/ (2*vt) *Cmg*g+Cmde*el;
CD=CD;
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czt=-CL*cos (alpha/rtod) -CD*sin (alpha/rtod) ;
cxt=CL*sin (alpha/rtod) -CD*cos (alpha/rtod) ;
cmt=Cm+ (xcgr-xcg) *czt;

cyt=CY;
clt=Cl0+Clda*ail+Clp*p;
cnt= CnO0+Cndr*rdr+Cnr*r ;

cnt = cnt-cyt*( xcgr - xcg ) *cbar /(2*vt);
%% —---—- Get ready for state equations --—----------
cbta = cos( x(3) );
u =vt * cos( x(2) ) * cbta;
v vt * sin( x(3) )
(2) ) * cbta;
)
)

cth = cos( theta
sph = sin( phi );
cph = cos( phi );
spsi = sin( psi );
cpsi = cos( psi )
gs = gbar * s;

gsb = gs * b;

rmgs rm *gs;
gcth g * cth;
gsph = g * sph;

ay = rmgs * cyt;
az = rmgs * czt;

%% —---- Force equations —---——-—-———————-

udot = r * v -g*w-g*sth+rm* (gs * cxt +t);
vdot = p *w - r * u + gcth * sph + ay;

wdot = g * u - p * v + gcth * cph + az;

dum = (u *u +w * w);

x dot(l) = (u * udot + v * vdot + w * wdot ) / vt; %vt
vglocity

x dot(2) = (u * wdot - w * udot ) / dum;

x dot(3) = (vt * vdot - v * x dot(l) ) * cbta / dum;
%% —-—--- Kinematics --—-——————--—-

x dot(4) =p + ( sth / cth ) * (gsph + r * cph );

x dot(5) = g * cph - r * sph;

x dot(6) = ( gsph + r * cph ) / cth;

%% ---- Moments —--——-———————-—-

x dot(7) = (c2 *p +cl *r +cd4d * he) * g+ gsb * (
) ;

x dot(8) = (c5 *p -¢c7 * he )* v + c6 * ( r*"2 - p*2 )
cﬁt;

x dot(9) = (c8 *p - c2 *r +c9 *he) * g+ gsb * (
)

%% —---- Navigation ---—---—-—----

tl = sph * cpsi;

t2 = cph * sth;

t3 = sph * spsi;

sl = cth * cpsi;

s2 = cth * spsi;

AF

( m/sec ) -

c3 * clt + c4 * cnt
+ gs * cbar * c7 *

c4d * clt + ¢9 * cnt



s3

tl * sth - cph * spsi;
s4 t3 * sth + cph * cpsi;
s5 sph * cth;

s6 = t2 * cpsi + t3;

s7 = t2 * spsi - tl;

s8 = cph * cth;

o

x dot(10) =u * sl + v * s3 +w * s6; %
x_dot (11) u*s2+v*sd+w* sT;
x dot(1l2) = u * sth - v * s5 - w * s8;
Mudot=p*cos (x(2))+tr*sin(x(2));

north speed
east speed
% vertical speed

o\°
o\

o\

x dot = x dot'; % transfer the vector to a column vector

%% —-—-—-- Outputs —-———=——————-
%an = (-1) * az*cos(phi)*cos(theta) / g;
an = (-1) * az / g;

alat = ay / g;

function [tfac, t, rho, amach, gbar, ps ] = adc ( vt, alt )
% %% standard atmosphere model used in F-18 5%

$ %% model ( air data computer ) $%

r0 = 2.37764e-3; % const, sea-level density, slugs/ft”3
alt=alt; % In ft

tfac = 1.0 - 0.703e-5 * alt;

t = 519.0 * tfac; % temperature, Rankine scale

if ( alt >= 35000.0 )

t = 390.0;

end

rho = rO * ( tfac ~ 4.14 ); % density
amach = vt / sgrt ( 1.4 * 1716.3 * t ); % Mach number
gbar = 0.5 * rho * vt * vt; % dynamic pressure, psf

ps = 1715.0 * rho * t; % static pressure
function [ sys, x0, str, ts ] = sfunction nlplant( t, x , u, flag,

state trim, xcg )

switch flag

case O

[ sys, x0, str, ts ] = mdlInitializeSizes( state trim ); %
Initialization
case 1

sys = mdlDerivatives( t, x, u, xcg ); % Calculation of derivatives
case 3

sys = mdlOutputs( t, x, u, xcg ); % Calculate outputs

case {2,4,9}
sys = []; % Unused flags

otherwise
error ([ 'Unhandled flag = ', num2str(flag)]); % error handling
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end

% end of function sfunct nlplant

mdlInitializeSizes
Return the sizes, initial conditions, and sample times for the S-
function.

o0 o0 || oe

function [ sys, x0, str, ts ] = mdlInitializeSizes( state trim )
sizes = simsizes;

sizes.NumContStates = 13;

sizes.NumDiscStates = 0;

sizes.NumOutputs = 18; % an, gbar, amach,alat
sizes.NumInputs = 4; % 4 controls

sizes.DirFeedthrough = 1;

sizes.NumSampleTimes = 1; % at least one sample time is needed

sys = simsizes (sizes);

% initialize the initial conditions
x0 = state trim;

o)

% str is always an empty matrix for s-function as m-files
str = [];

% 1initialize the array of sample times to be continuous sample time
ts = [0 0];

$ end mdlInitializeSizes

$ mdlDerivatives
% Return the derivatives for the continuous states.
function sys = mdlDerivatives( t, x, u, xcg )

$ to calculate the state derivatives
[

x _dot, an, alat, gbar, amach, g, alpha ] = F18 dynam ( t, X, u, Xcg );

sys = x _dot;

% end mdlDerivatives

mdlOutputs
Return the block outputs.

o0 || 00 o° oo || o

function sys = mdlOutputs( t, x, u, xcg )
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% to calculate the state derivatives
[

x dot, an, alat, gbar, amach, g, alpha, Mudot ] = F18 dynam ( t, x, u,
xcqg );
sys = [ x; an; gbar; amach; alat; Mudot;];

% end mdlOutputs
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Abstract

The proper control for tracking the desired path is one of the most important military
superiority and maneuverability of a fighter aircraft. The fighter aircraft control system is
usually automatic. Automatic control systems for aircraft guidance realize via the various
control parameters such as angle of attack, pitch angle, flight angle and altitude.

Therefore, it is important to use an intelligent and online method for an efficient track of
complex and nonlinear maneuver. In this thesis, kernel least mean square (KLMS) based
method is proposed for the intelligent control and online tracking of a desirable nonlinear
maneuver. The kernel least mean square algorithm enhances the present understanding of the
LMS algorithm with a machine learning perspective. Moreover, training the RBF networks
with the KLMS is different from conventional RBF networks. For conventional RBF training,
the kernel centers and their number have to be chosen heuristically or through a complex
algorithm. While in the KLMS method, the centers and its number are automatically chosen
during the learning, and there do not need to be determined beforehand. Therefore, this
method performs as a generalized simple neural network with radial type basis functions.
Furthermore, for updating the kernel function, an adaptive learning algorithm is also
presented. Finally, the efficiency of the proposed approach is successfully investigated

through the nonlinear maneuver tracking of a fighter aircraft.

Keywords: Intelligent control, fighter aircraft, tracking, Kernel least mean square algorithm,

radial basis neural networks, nonlinear maneuver.

af



