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Designing an Automatic Carrier Landing System

This paper will show you a step by step approach to design a basic controller. More specif-
ically, we are designing a controller for an aircraft to land on a carrier. The aircraft starts off at
an altitude of 400 meters and it will land on the carrier after sometime. The graphic below is
shows the expected trajectory of height versus time.




For this paper, we are going to assume that the aircraft is already aligned to the carrier so
we only need to deal with the height and the x position. The idea of controller design will not
change due to this simplification. First of all, the aircraft’s longitudinal equation of motion is
given by these following equations.
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states of the aircraft
a = angle of attack
V= air speed

v, = flight path angle

x = inertial x position
h = altitude

L =lift

D = drag

input into the aircraft

n, = normal acceleration

T = Thrust

Constants for the aircraft (in SI)
p = air density = 1.225

S = wing area = 40



Cro,Cra,Cpo,Cpa = parameters for the wing area.

Cro =0.3
Cpo = 0.02
CrLa =592
Cpa = 0.15
V., ap, = process noises representing the effect of wind and g is the acceleration due to
gravity.
m = mass = 10,000
g = gravity = 9.8

The aircraft is equipped with many sensors and it is reasonable to assume that the mea-
surements will be noisy.

<2

Y= v | +Vac

S8

where v, is white noise with covariance:
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The operating points are
a:% , V=70,~v =0,z =10,000, h =400 ,n.=0, T = 4000
Although these points are not exactly the equalibrium points, but since they are close
enough, for the sake of our problem, we will use these points as the equalibrium.

Design approach
The general approach procedure.
. Build the S-function of the aircraft for the non-linear system and simulate it
. Linearize the plant
. Check if the linearized plant is AS about 0 using Lyapunov’s indirect method.
. If the linearized plant is AS, the non-linear plant is Locally AS.
. Write out the generalized plant

Depending on the plant, decide if a Kalman filter is needed
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Design a LQR to get the constant gain for feedback.



Building the S-function in Matlab

To make the S-function, it is necessary to first write out the data fields. Start a new m file,
you can call it anything, but I am going to call it systemdata.m . Write these commands in to
the file.

x0 = [pi/36;70;0;10000;400];
sysdata = struct('nx’,5,’nu’,2,’ny’,5);

sysdata = setfield(sysdata, 'x0’, x0);

Sysdata in this case sets up a structure with different variables.
nx is the number of states, we have 5 (a,V,v,x,h)

nu is the number of inputs, we have 2 (n,,T)

Next, we’ll have to write out the S-function that simulates the system. We’ll save this
function and call it systemfunction.m

function [sys,x0,str,ts] = Feed(t,x,u,flag,sysdata)
switch flag,
case 0, % set initial state,state space dimensions,etc

sizes = simsizes;

sizes.NumContStates = sysdata.nx; % number of continuous states
sizes.NumDiscStates = 0; % number of discrete states
sizes.NumOutputs = sysdata.ny; % number of outputs
sizes.NumlInputs = sysdata.nu; % number of inputs

sizes.DirFeedthrough = 0;
sizes.NumSampleTimes = 1;
sys = simsizes(sizes);

x0 = sysdata.x0; % initial state

str =[1];

ts = [0 0];

case 1, % calculate state derivatives

sys = f(x,u,sysdata); % function where xdot is calculated
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end.

time = 150;
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if x < 15000
hei = 400;

end
end
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system.
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