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Course : Nonlinear systems
Lab 5 : Feedback linearization
Ex 1 : Consider the nonlinear system
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function cut=commmande (in)
%X 3 d=in(l);
X_3=in(2):
®_l=in{3}:
X_Z=ini(4);
U=(B*(x_3-x_3_d)+17*(x_1-x 2)+0.1*(-x_1+0.5*x 22)-x_2*(-.5%x_2~2+x 1)) /(exp(x_2)*(-x_2-1))
out=T

Ex 2 : For the nonlinear system :

.1'31 = T2
itg = (111315024—&256%4—&3562

a1 = —0.8636, a = —0.1454, az = —0.0074,

Design the feedback linearization controller.
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Ex 3 : Design the feedback linearization controller for the nonlinear system :

1 cos (z3) 0
T = X3 + 0 U1+ 0 U2
T3T1 1 1
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FIGURE 1 — The overall simulation model : ydemo24aFeedback.mdl

S-Function

FIGURE 2 — The subsystem content with one input port and three output ports



| Function Block Parameters: 5-Function (=5
S-Function

User-definable block. Blocks can be wiitten in C, M [level-1], Fartran, and Ada and
must conform to S-function standards. The variables t, =, u, and flag are
automatically passed to the S-function by Simulink. You can specify additional
parameters in the 'S-function parameters' figld. If the 5-function block. requires
additional zource filez for the Feal-Time Work shop build process, specify the
filenames in the "S-function modules’ field. Enter the filenames anly; do not uze
extenzions of full pathnames, e.g.. enter zrc erel’, not ‘srcc sl o

Parameters

S-function name: |[EEdER

S-+funchion parameters: (0,01, -0.0001, 0.1

S-function modules: "

[ QK “ Cancel ” Help ] Apply

FIGURE 3 — The s-function block
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1 function out = feedback linZ4a(in) - ]
2~ %.3.d= in(1); =
3 - x_3 = iniz2);
4- x_1 = ini(3);
il AR b e e
[ 5
7— kil =28: k2 = 17: k3 = 0.1:
g % Feebback linearization controller|
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11 % Beta x = —(1+42%x_2) *expix 2):
12 % Alpha x = -2%x 2% (x_1+x 2°2);
13 %
14 % gdi=yraw BFE gl TEUENR
15 % 23 = -x_140.5%x 2%2; % —(x 1-0.5%x 2%2);
16 — Beta x = —(1+x_2) *exp(x_2): 5-(1+x_2) Fexpix 2):%
i, Alpha x = ®_2%(x_1-0.5%x_272);
18 — if Beta x == 0
HE i Beta x = 1le-6;
20— end
2L— U= (k1*(x_3-x 3 d)+k2*(x_1-x 2)+k3*(-x_1+0.5%x_2°2)-Alpha x)/Bete_x:
2z 50U = (K17 (x_3-x_3_c)+k2¥ [x_1-x_2)+k37(-x_l1-x_2°2)-Alpha x)/Beta_x;
23— out = U; ;J
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FIGURE 4 — The Matlab function named in our case Feedback 24lin.m
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4 function dx = examplel(t,x,ul ™
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[ % model for reactor
7 %
8 % Reaction rate term
9 %
pii}
1L % exp X (2)) *"w
12 4 2 (1) 41 {2}~ 2+exp (K(2] ) us
13 s odud = w1 -xi2);
14
15 —  dxl = exp(x(2]]*u:
le - dx2 (L) -0.5%x(2)“2-exp(x(2)) Tu;
BE - dudisox(l)-x(2)5
18 ¥
19 - dx =[dui;dwZ:dxd]:
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FI1GURE 5 — The Matlab function named examplel.m of the nonlinear model
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1 function [says,x0,str,t3]= exawplel sfen(t,x,u,flag, xlinit, x2init, x3init) ]
& switch flag
ey case 0 % inirtislize
i ste=[] B
it ts = [0 0] H
T 5 = simsizes :

e z.NumContstates = 3 H
8 - s.MumDiscStates = 0 :

9 — s.Numdutputs g H
10 - g.umInputs =1 E
Fle g.DirFeedthrough = 0 A
N s.MumSampleTimes = 1 :

B s¥s = simsizes|(s) H

ol e x0 = [xlinit, x2init, x3init] ¥

e case 1 % derivatives

16 — g8ys = eXxsmplelit,x,u);

1=, case 3 % oucpuc

1g= = e 3 3
To= case {2 4 9} % 2Z:idiscrete, % 4icaleTimeHit, % S:termination

20 — sys =[1: i I
2L = otherwise

S error ([ 'unhandled flag =' numZstr(flagi]) :

23— end
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FIGURE 6 — The Matlab s-function named in our case
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