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clear
close all

o\@
a@

phase variable form

$ A = [0 i i
% -9 -3]
% = [@y 4l
$C = |9 0]

o

dual phase variable form

A= [-3 1
-9 0]
B = [0; 9]
¢ = (1 0]
sys_ss = ss(A,B,C,0)
sys_tf = tf(sys_ss)

co = ctrb(A,B)
rank (co)

p = [-10,-20]
K = acker (A,B,p)

sys cl = ss(A-B*K,B,C,0)
figure (1)

step(sys_cl)

[y,t,~] = step(sys cl);
stepinfo(y,t)

sys_loop = ss(A,B,K,0)
figure(2)
margin(sys_loop)

% outz 2

Abar = [A zerog (size(A,1),1)
-C 0 ]

Bbar = [B; 0]

Brbar = [zeros(size(A,1),1); 1]

Cbar = [C 0]

R = L;

Q = diag/( [0 0 10000])

kbar = lgr(Abar, Bbar, Q, R)

sys fsfi = ss(Abar-Bbar*kbar, Brbar, Cbar, 0)
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figure(3)
step (sys fsfi)

stepinfo(sys fsfi)

eg = eig(RAbar-Bbar*kbar)

sys_fsfi loop =
figure (4)

ss (Abar, Bbar, kbar, 0);

margin (sys_fsfi loop)

% kbar is from Quiz 2

L = acker(A',C', 5*eg(1:2))"
Abar = [A-L*C zeros (size(A,1),1)
zeros (1,size(h,2)) 0 1;

Bubar [B; 01;
Bybar = [L; -1];
Brbar = [0; 0;
Cbar = kbar;

i b 16

sys_comp = ss(Abar-Bubar*kbar,
sys_comp_zpk = zpk(sys_ comp)

Bybar, Cbar, 0);

[sys, gl
elim =

= balreal (sys_comp) %
(g<ie-1); %
sys comp_r = modred(sys,elim);

sys _comp_r zZpk = zpk(sys comp r)

g

sys_plant = ss(A,B,C,0);

gys_loop = sys plant*sys comp;

% sys _loop = sys_plant*sys comp_r zpk;
figure(5)

margin(sys_loop)

figure (6)
margin(sys_fsfi loop)
hold on

margin(sys_ loop)

hold off

compute balanced realization
small entries of g -> negligible states
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% transfer functions

P = ss(A,B,C,0);
S1 = ss(Abar-Bubar*kbar, Bybar,
52 ss (Abar-Bubar*kbar, Brbar,

-kbar, 0);
-kbar, 0);

sys = P*S82/(1-P*S1)
figure (7)
step (sys)

% Step response using full system state equations

Ap = [A zeros (size (A))
L*C A-TL,*C
-C zeros(l,size(A,2)) 0
Bup = [B; B; 0]
Brp = [zeros(2*size(A,1),1); 1]
Cp = [C zeros(size(C)) 0]
kbar2 = [zeros(l,size(kbar,2)-1) kbar]

sys_full FOE = ss(Ap-Bup*kbar2, Brp, Cp, 0)

figure(8)
step(sys_full FOE)

2

% ROE design: Quiz 4

zeros (size(A,1),1)
zeros (size (A,1),1)

]

% to use the following code, need C to take the form:

c=[L 0]

o o® o@

Ce= [1 0]

All = A(1,1);
Al2 = A(1,2);
A21 = A(2,1);
A22 = A(2,2);

Bl = B(1);
B2 = B(2);

= -1000; % ROE pole location
= acker (A22',Al12',p)';

= A22-L*Al12;

= D*L+A21-L*Al1l;

= B2-L*B1;

[P I v N el o

Abar = [D 0

for our example using dual phase variable form we have
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0 0l ;
Bubar = [G; 0l;
Bybar = [F; -11;
Brbar = [0; 1] ;
% kbar = [km ku kil
km = kbar (1) ;
ku = kbar(2);
ki = kbar(3);
k1l = kbar(2:3);

% transfer functions

P = ss(A,B,C,0); % Pla
S1 ss (Abar-Bubar*kl,
S2 ss (Abar-Bubar*kl,

sys = P*S2/(1-P*S81);
figure(9)

step (sys)

% compensator transfer
sys_comp_zpk = zpk(S1)
% loop gain
sys_loop ROE =
figure (10)
margin(sys_ loop_ ROE)

-P*G1l;

figure(11)
margin(sys_fsfi loop)
hold on

margin (sys_loop ROE)
hold off

% Full system equations

Abar = [A-B¥* (km+ku*L) *C
(F-G* (km+ku*L) )
-C

Brbar = [0; O0; 0; 1

Cbar = [C 0 0]

sys_full ROE =
figure (12)
step(sys_full ROE)

nt
Bybar-Bubar* (km+ku*L), -k1,
Brbar, -k1, 0); % input: r
function
-B*ku -Brki
*C D-G*ku -G*ki
0 ]

]

ss (Abar, Brbar, Cbar, 0)

- (km+ku*L) ) ;

[}

)

input: y



