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5.1.2 RSN

LQG i &% 1 LQI 4% 1 &% M Kalman 383 &% 45 8, a0 18 5.1 fr s, R
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B 51 LQGIZ#HIRZLEW
= LQGHs 33
B 5.2 FERSHLQGEFEEN
BRI (5. 1) o Kalman 383530
f=A,2+B,u+L(y—C,%—D, u (5.2)

Hof L kalman #9025,
ST F fir 4 92 B Kalman 380502 . M TSR 15 25 L
[kest,L,P] = kalman(sys,Qn,Rn,Nn) (5.3)
Hirp,sys=ss (Ap, Bpu, Cpy, Dpyu) $ 81 8 20 (5. 1) % 3 J R 38 25 [0 19 I 20, kest
Kalman JEE a8 A5G B . Q, R, /B RN AWM w, Fkm S o, B9 2%k
.Q, =E(w,w )R, =E(v,0v. )P H Riccati IS A,
TR RE AR R R
J <u>=JO (x"Qx + 25 "Nu+u"Ru) dt (. 4)

Hopx=1[2 ;77 ,Q RN S5k Fi kDR 25 042 il o A P SL(E 66 I
FH MATLAB H 1Y 1qi O R, AT SRR3R RE 48 b 1 d5e I 425 il 14 2 042
s H
K =lqi(sys.Q ,R,N) (5.5)
u=—Kx =—K £ —K.x; (5.6)
Hrp, o, WERERZEMR S K=K, K,].i,=r—y.
R EAR A 75 £ Flu REBU/NIERLT ARIE 2, >0, B r—y,
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7E Kalman JEWE . T
A +Bu+Ly—C, 2D,
—A,¢ B, K ¢ B, Kx +Ly—LC,¢+LD, K ¢+LD, Kzx,
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5.1.3 MIRREMIRETifRER
R 5. D) Al HI A X GRS T B
x =A x +B, u+B, ,w
oo e (5.8)
Yy :CPyxp +Dpyuu +Dpyw()7’Uo + 7)()
A =L (5. 6) FIX (5. 7, AR LQG & il 85 5k 5 B E T BIE A
‘i'.c :Acxc +chy +BCWW
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BT .
(D LQG #E#l#%FFE)F . chap5_1LQG. m

% LQG Controller design
clear all;
close all;

% Plant
Ap=[01;-1 —-10];
Bpu=[0;1];
BpwO = Bpu;
Cpy=[10];
Dpyu = 0;

DpywO =1,

% LOI design

sys = ss(Ap, Bpu, Cpy, Dpyu) ; % in state space without noise
Q=[500;050;0060]; % Used in 1gi for x and xi
R=10.001;

N=0;

K= 1lqgi(sys,Q,R,N);

Kx = [K(1) K(2)];

Ki=K(3);

% Kalman filter

Plant = ss(Ap, [ Bpu Bpw0], Cpy, [ Dpyu Dpyw0]); % in state space with noise
On=100,Rn=100;

[kalmf, L] = kalman(Plant, Qn, Rn);

% LQG controller

Ac=[Ap—Bpu* Kx— L * Cpy + L * Dpyu * Kx — Bpu * Ki + L * Dpyu * Ki;
000]

Bey=[L; - 1];

Bcw=[00;00;01];

Cc= —-K
Dcy=0;
Dcw=[00];

save 1gg_file Ac Bcy Bcw Cc Dcy Dew;

(2) Simulink FFF : chap5_1sim. mdl

chap5_lctrl chap5_Iplant




(3) #HI2$F2)F : chap5s_letrl. m

function [sys, x0, str, ts] = s_function(t, x,u, flag)
switch flag,
case 0,

[sys,x0, str, ts] =mdlInitializeSizes;
case 1,

sys = mdlDerivatives(t, x,u);
case 3,

sys = md10utputs(t, x,u);
case {1,2, 4, 9}

sys = [1;
otherwise

error([ 'Unhandled flag = ',num2str(flag)]);
end
function [sys, %0, str, ts] =mdlInitializeSizes
sizes = simsizes;
sizes. NumContStates =

sizes. NumDiscStates =

~.

sizes. NumOutputs =
sizes. NumInputs =
sizes.DirFeedthrough =

~.

[ S = N Y
~.

sizes. NumSampleTimes

sys = simsizes(sizes);

x0=[000];
str=1[1;
ts=[00];

function sys = mdlDerivatives(t,x,u)
r=1.5% square(0.25 * t);
y=u(l);

load 1qg_file; % Ac,Bcy,Bcw

sys(1:3) =Ac* x+ Bcy* y+ Becw(:,2) *r;
function sys = md1Outputs(t, x,u)
r=1.5% square(0.25 * t);

y=u(l);

load 1qg file; % Cc,Dcy, Dcw

xc = [x(1) x(2) x(3)1";
ut =Cc * xc + Dcy * y + Dcw( :,2) % r;

sys(1) = ut;
(4) XL ¥ . chap5_lplant. m

function [sys, x0,str, ts] = s_function(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 1,

sys = md1Derivatives(t, x,u);

e e SERES SR EFBINTHE RS
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case 3,
sys = md1Outputs(t, x,u);
case {2, 4, 9}
sys = [1;
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end
function [sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

sizes. NumDiscStates

~.

sizes. NumOutputs

sizes. NumInputs

sizes.DirFeedthrough =

~.

I
[ = == N
~.

sizes. NumSampleTimes

sys = simsizes(sizes);

x0=[00];
str=1[1;
ts=[00];

function sys = mdlDerivatives(t,x,u)
ut=u(1l);

w0 =0.001 % sin(10 * t);

Ap=[01;-1 —-10];

Bpu=[0;1];

BpwO = Bpu;

sys(1:2) = Ap * x + Bpu * ut + Bpw0 * w0;
function sys = md1Outputs(t, x,u)
ut=u(1); % sizes. DirFeedthrough
Cpy=[10];

Dpyu = 0;

Dpyw0 = 1;

w0 =0.001 % sin(10 * t);

v0 =0.001 % rands(1);

sys = Cpy * x + Dpyu * ut + Dpyw0 * w0 + vO0;

(5) YEEFEF . chap5_lplot. m

close all;
r=1.5x square(0.25 * t);

figure(l);
plot(t,r,'—.r',t,y, 'k', 'linewidth', 2);
xlabel( 'time(s)');ylabel('x1 response');

figure(2);
plot(t,ut(:,1),'r', 'linewidth', 2);
xlabel( 'time(s)');ylabel('Control input');
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5.2.1 ARGk

20 W% W 7S R ), AT 2 JEAR R 2 (5. 1) L B
x—Ax + B

ptp pu

u +B wW
=C, x,+D ,u+D

A Eﬁ%iﬁﬁﬁﬁﬁn—ﬁ\ﬁﬁﬁu/\ w i y—>r. BT AZRIED I, F3H
ARG Al e & B E P A AR R G . N PRIE R SRR E L T B IR PR R A L B 0 A
ZREH ARG WE 5.5 Fix.

(5.10)

pvw

pepm e P g 2
N
. e fe——De

E 5.5 HmEfMiIMEEHE RS
Bl A WA R HER AT

Ju, u>u

sat(u) =<u, —u < u<u (5.1D)
—u, u<u

Hr,w 3ae b ry il A B

q =u —sat(u)
5.2.2 MM RZENMIE

Z: 25 SO Bt 5 s B r

(1) BRI (5. 100 B BORZS T FE KR

TE SCIRES x| it oy PERE St e B8 = (. 1) AT Oy

X —Appreruu +B,,w

=C, x,+D ,u+D_  w (5.12)
=C,,x,+D, ,u+D,w

(2) BTy Az il 4

Wk LQG 42 & 55 5 B h H A i 4% 50 (5. 90 TR Al -, B2 AR A ) 8%
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J-Cc :Acxc+chy +Bcww+vl

Cox Doy Do b o, (5.13)
Hor, o) flo, ARERAY M,
(3) % A3 BRI A A2 45 o
B (5. 12) AT RoR
X,=A,x,+B sat(u)+B  w
y=C,x,+D  satu)+D_ w (5.14)
2 =C,,x,+D satw)+D_ w
KGO IDERA
$.=A.x +B,y+B w
) (5.15)
u=Cx,+D y+D,w
M g=u—sat(u) (5. 1O A HH
X, =A x, +B, (u—q)+B,w
y=C, x, +D,  (u—q)+D, ,w (5.16)
2=C,x,+D, (u—q¢)+D, w
Fe (16 Py y ARASKG. 15), 1l 15
u=Cx,+D, [C, x, +D, , (wu—qg)+D, wl+D., w
Al
u=Cx.+DC x, +D D  (u—qg)+D D, w+D_ w
NI}
u=1-D.,D, ) '[Cx.+D,C,x,—D.,D, g+ DD, +D.,>w]
EX x =[x, x]"2u=0-D, D, ) " AA—D, D, D=I.%
I—Au=—2uD,D,,
PNITEIEG

u=~2Mu[D,C, C.lx,+U—Au)g+Au(D D
W2 G ADIRAI G 16) il &, 75
x,=A x, +B,, [Au[D ,C, C.lx,—Aug+ AuD, D

+D. Ow  (5.17)

pyw

+D. Dw]+B, w
- [AP +I;PUAMD(’YC‘I’Y BSI’UAMCI'] xd _'_Bpu I:i AM(] + Au (Dcpryw + DLW) W] +Bpww
(5.18)

pu pyw

B G AIDMRARK G 16 H v, 715

y :prxp +Dpyu {Au I:DCYCPY C(:I xcl - Auq + Au (Dcpryw +Dcw) W} +Dpyww
(5.19
KRG ADRAR G 1R £, 1775
".Cc - Acxc +ch{cpyxp +Dpyu [Au [D(‘YCPY CC] xcl o Auq + Au (Dcpryw +Dcw) W] +

D, w;+B.w

= [B.,D,AuD C +B.,C, A +B,D,, Auq +

AL{CC] xcl - chD

pyu



[B,D,,5u(D D, +D.)+B,D,, +B,]w (5.20)
Hﬂﬂ:(l_DpyuDCy)Dpyu :Dpyu (1_DCpryu) U
—1 —1
Dpyu (I - Dcpryu) = (I - Dpychy) Dpyu

EX Ay=U—D, D) " XHTF Au=U—-D,D, > '
AyD . D, +1= Ay H D, Au= AyD
M (5. 20) v Y - 30 7 5% B Ay
BB, AuB.C, +B.,C, = B, B, AuB, +1)C,
= B, (A\yD, B, +DC,, = B ,AYC, —B. D,  Au= —B AyD,,
BB,  AuD,D,  +D.)+B,B,  +B,
=B AyD,, DD,  +D )+B B,  +B,
- B,AyD, DD, +B.,B, +B,AyD, D, +B,
= B, ,Ay(B,,, +D, D.)+B,
H.B ,AyD,,, DD, +B B, =B, (AyD
|
k.= [B,AMC A +B AyD  Clx,—B AyD, g+ [B,AyD,,, +D,D.)+B.,Jw
(5.21)
K 5 ADRAR G, 16) I T —Au=—2uD D, FIX (5. 19), 1745
2 =C,xp +D,, [Mu[D,C,, C.lx,—uD D, .q+ MDD, . +D Ow—ql+D,w
=[C,. + D, MuD C,, D, AuCJx,—D,, (AuD D, +Dq+
pyw T D) D, Iw
oD C o D, AuC x| — D, Aug +
+D.)+D,, w

pyu

pyu

pyu
pyw
pyu

pyw pyw pyu

pyu pyw pyw pyuD(‘y +I )Dpyw :ch AyB pyw ©

pyu
=[D,,.Au(D D
=[C,, +D

[D,,.Au(D D,

pzU A

(5.22)
(5. 17).(5.18) . (5. 2D AR (5. 22) M AR MR R FE I E AR R UT .
wu==2ulD, C,, Clx,+Ud—2u)g+AduD,D, +D. Ow
%, = [A, +B,MuD C, B, ANuC x, +B,, [—dug+du(D,D,, +D.,)wl+B, w
k.= [By,MNC, A +B,AYD, Clx, —B, MD, g+ [B,Ay(D
:= [C, +D,AuD.C,, D, MC]x,—D, Mg+ [D

cy T py

PNITRIRETEIE s W)

+DprDCW) +Bcwj w
+Dcw)+Dpzw:| w

pyw

pzu Au (D('pryw

Xg=Agxy+Byq+B,w
2=Cy,xq+Dg,q+Dg,w (5.23)
u=0C_,x, +Dcluqq +D W
G 23 R T IR sE L
A {AﬁBPUAul)CyCW B, AuC, } | dq{ —B,,Au }
B AyC,, A . +B, ,AyD  C, — B ,AyD

pyu

- BEBRFSSMBEBINTAE SBS
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B,, +B, AuD D, +D.)
= , Cy,=[C,+D,AuDC, D, AuC.],
B, +B Ay, +D, D>
Dy,= —D,bu, Dy,=D, MDD, +D.)+D,, Cy=>uD,C, CJ,
ADy, = I—8u. Dy, = MDD, +D.). Ay=U—-D, D) .
Au=(0—D,D,) .
(4) Hy A Z B nwh 24
MR (5. 10 AT FRR N
i, =A,x, +B,u+B,w
y=C,x,+D u+D, . w (5.24)

2 =C,x,+D_ u+t+D, w
K (G 1R RN
X, =Ax.+B,y+B_w+uv,
u=Cox + Dy + D wto,
M g=u—sat(u),.: (5. 13D A HFH
X, =A,x,+B, («u—q)+B, w
y=Cpx, D, (w =)+ Dy, w (5. 26)
2=C,x, +D,, (w—q) +D,w
KR (5. 2600 y=C, x, +D . (w—q)+D  wiLAK 5, /T4
u=Cx.+D, ,C x, +D_  (u—qg)+D, Hdw+D w+ [0 I]D, q

pyu pyw

B
u=Cx.+D,C, x, +D.,D —-D. D, q+D /D, w+D w+ [0 I]D, q
H Au=A—D_ D, ) ' FH—AuD D, =I—Au, AT
wu= (1—D,D ) '"{Cx ,+D,C, x, —D,D, q+D,D, w+D w+ [0 ID,q}
= [AuD C,, AuCx,+ ([0 AulD,,—AduD D, )qg+2uD D, , +D. )w

pyu u

:Ccluxcl + (D(‘luq +DcluvDaw) q +Dc1uww (5' 20
Hdr.D o, =—AuD D, Dy, =—2uD D, =1—Au.Dy,=[0 Aul.
K G 2DIRARG. 26) iy &, AT 75
".Cp — Apxp +Bpu (Ccluxcl + D +Dc1uvDaw) q +Dcluww _Q) +Bpww
— Apxp _Bpuq +Bpu{ [AMDCYCPY Au’CC:I x(‘l + (D +DcluvDaw) q +Dc1uww} +BPWW

= [AP +BPUAL‘DC)’CPY BPUAL{CC] xcl + (_BpuAu +Bpch1uvDaw) q +

pyu cluv

clug

cluq

(B,,Mu(D D, +D.,)+B, |w (5.28)
Hh,—B q+B,D4.,g=(—B, +B, D, )g=[—B, +B (I—A)]qg=—B Aug.
B ou By
y=C,x,+D, Cx.+D, D y+D, D w+D, v,—D, qg)+D,  w



hj
y = (I 7Dpyu
=Ay(C, x, + D

py”"p
CCxC+D Dcww+Dpyllv2 7Dpyuq+Dpyww)

pyu
';C(‘ = Acxc +chy +Bcww+v]
- Acxc +chAy <C X +Dpyuccxc +Dpychww +Dpyuv2 7Dpyuq +Dpyww) +Bcww +U1

py”"p

pyu

= A.x. JchyApryxp +chApryuCCxC JchyAprychww + B AyD v, —
B AyD, .q+B AyD, w+B_ w+v,

= [B,AyC,, A +B AyD, C.lx,— B ,AyD g+ (v, +B AyD  v,)+
B . AyD, ., +D, D . )w+B. w

- I:BCYAyCPY A, +BCYApryuCCJ X+ {*chAyD + [I chApryu] Daw} q—+
Hrp sV JchyApryu"UZ: EI BCyApryuj v= [I BCyApry'JDaw(Io
¥k 5k AT
xp B Ap+BpL1AuDCyC1)y BpuAuCc X, .
Xc BCyAyCPY AC +chApryuCC xc

o BpuAu 0 Bpchluv
q+ D, .q+
—B_AyD I B_AyD

pyu
B, AuD D, +D.,)+B,,
B . Ay D +D_.D.>)+B,

pyw pyu

pyu

:Aclxcl +Bc1qq _’_Bd\,Dan +Bclww

Hr,
— B, Mu+B DD —B,,Au B, D,
ou ou™ cluv ™ aw . pu + pu~” cluv D ;
q = q aw
- B(‘y Apryu + [I BCyAyD PyU:I Dﬂw o chApryu I:I BC}’ ApryU]
—B,, Au 0 B, Au
= q+ D q
o ch AyD pyu 1 ch AyD pyu
:Bcqu + BclvDawq
R

’).Ccl :Aclxcl + (Bclq +BclvDaw) q +Bc1ww

*BpuAu Bpchluv 0 BpuAu
Hrlte By = —B_ AyD B =y b b o]l 1 Boawp. |
cy cy pyu cy

pyu cluv pyu
B,D.,.,=B, [0 Au]=1[0 B, ,Au|,B D, D [0 Au]+
[I O] - [I BCYDPYUAu] - [I BCyAyDP}’U] °

}{T&J‘ u TE)\ <z EF‘ ’j_JF/f—E)\ Cclu ‘Dcluq ‘Dcluw aﬂﬁ%

cluv + [I O] = chDpyu
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Z*C 2 X JﬁDpzu Dpzuq +Dpzww
=C zx p +Dpzu [Ccluxcl + (Dcluq +DcluvDaw) q +Dcluww:| - Dpzuq +Dpzww

=C,x, + D, ([MuD C,, MuC T x,+{[1—2u]+Dy,D,}qg+2D,D,, +
D . ow}—D q+D,w
=[C,, + D, MuD C,. D, AMuC |x,+ (—D, , Au+D,Dy.D, >qg+
D, duD D, +D. )+D, Iw

= [CPZ + DPZUAuDCYCPY DPZUAuCC] xcl + DpzuAu + I:O DPZUAu] Daw} q +
[DpzuAu (DcpryW +Dcw) _'_Dpzwj w

=Cy,xg+ Dy, +Dy D, )D)g+Dgy,w
v p,,DyD,,=D, [0 AuD, @ D, AulD,, .
D =D,Da =D, [0 du]=[0 D,,Au]
PNITEIECZ B2 ¥
Xg=Agx,+ ByD,, +By)q+Byw
2 =Cyp,xq+ Dy T DD, g+ Dyyw (5.29
u=Cgyx,+ WDy, +Dy,D.)g+D,yw
|:0 B, Au }
KB, = dw = [0 Au],
I B, AyD,,

(5) ¥Ehl#iT
2 LBk PR T G B Ry
1
s? +10s + 1
EREMRE T REIE X

fy=—10x, —x; +ult)

2=y —r

X TR (5. 12) RN
AP

gl I e Bl
B B [0 e (0] B N [V} B ’

D,,=0, D, =0, C,=C,,, D£:Dpyu, D, = —1].
K 1 QG AR AT AR R TR (5L 13) AR R
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0 0
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SRJE ARG SCERC2F g 51 B 5 w0, 32X (5. 33) A R 1 45 1F S 24 HAY Y ScRk [ 2]
KGR ARG RE bR A2 g B 2 2 5 ATEI , i il 15 8] 58 (5. 30) &
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5.2.5 fiiEspl

X g 4 J (5. 10) HITEEIR A S [0 0 0] .48 2 T U5 5, % ] MATLAB pR %k
SCEELHUEE A r=1. 5square (0. 08t) , RAFEA (5. 30) B (5. 34) B v, =0, 1] 15
y=2.7518, D, = [ —0.0002 0.0019 0.0006 1.0]
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KAME v=D, q DT EERWNE 5.6 FE 5.7 Fin, WRASMAMER D, =0,0v=0,
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B3 TR R my ek

x1 response

O 70 20 30 40 50 60
time/s
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i BFE )T .
(1) LMI #31# : chap5 2LML m

% Generic antiwindup LMI program
clear all;
close all;

% Dimension defination

np=2; % WA BB EL
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il 5% 2 25 B K
2 il iy A%
SN A%
PERESE bR %L
N N 6

nc=3;
nu=1,;
nw=2;

nz=1;

d P P e

naw=0;

ncl =np+nc;

nv =nu+ nc;

npc = np + nc;
n=np + nc + naw;
m=ncl+nu+nwtnz;
% Plant defination
Ap=[01;-1 —-10];
Bpu=[0;1];
Cpy=[10];
Dpyu = 0;

Bpw0 = Bpu;
Bpr = zeros(2,1);
Bpw = [ BpwO Bpr];

DpywO =1,

Dpyr =0;

Dpyw = [Dpyw0 Dpyr];
% error performance
Cpz = Cpy;

Dpzu = Dpyu;

Dpzw = Dpyw— [0 1];

% other performance

nx=2; s RE U
ny=1; % Hii ) 4E %K
sys = ss(Ap, Bpu, Cpy, Dpyu) ;

% Used in 1gi
Q=[500,050;0060];
R1=0.001,;

N=0;

K= 1qgi(sys,Q,R1,N);
Kx=K(1l:nx);

Ki=K(nx+ 1l:nx+ny);

Plant = ss(Ap, [Bpu Bpw0 ], Cpy, [ Dpyu Dpyw0]) ;
On=10,Rn=10,Nn=0;
[kalmf, L] = kalman(Plant, Qn, Rn, Nn) ;

Ac = [Ap — Bpu * Kx— L * Cpy + L * Dpyu * Kx — Bpu * Ki + L % Dpyu * Ki;
zeros(ny, nx) zeros(ny,ny)];

Bey = [L; — eye(ny) ];

Bewr = [zeros(nx, 1) ;eye(ny)];

Bew = [zeros(3,1) Bewr];




Cc= —-K;
Dcy=0;
Dcw=[00];

deltau= inv(eye(1l) — Dcy * Dpyu) ;

deltay = inv(eye(1) — Dpyu * Dcy) ;

Acl = [Ap + Bpu * deltau * Dcy * Cpy Bpu * deltau * Cc;

Bey

* deltay * Cpy Ac + Bcy * deltay * Dpyu * Cc];

Cclz = [Cpz + Dpzu * deltau * Dcy * Cpy Dpzu * deltau * Cc];

Cclu=[
Bclg=[ —
Belw=[

Dclzqg =

deltau * Dcy * Cpy deltau * Cc];

Bpu * deltau; — Bcy * deltay * Dpyu];

Bpw + Bpu * deltau * (Dcw + Dcy * Dpyw) ; Bcw + Bey * deltay * (Dpyw + Dpyu * Dcw) ];

— (Dpzu * deltau);

Dclzw = Dpzw + Dpzu * deltau * (Dcw + Dcy * Dpyw) ;

Dcluw = deltau * (Dcw + Dcy * Dpyw) ;

Dcluqg = eye(1) — deltau;

Bclv = [ zeros(np, nc) Bpu * deltau;

eye(nc) Bcy * deltay * Dpyu];
Dclzv = [ zeros(nz,nc) Dpzu * deltau];
Dcluv = [zeros(nu, nc) deltau];
55 %5555 5555555555555 55%55%5%55%55%55%555555%5%5%5%%
ga = sdpvar(l);
R11 = sdpvar(np);
R12 = sdpvar(np, nc) ;
R22 = sdpvar(nc) ;
R=[R11 R12;R12'R22];

Openloop = [R11 * Ap' + Ap * R11 Bpw R11 % Cpz';Bpw' — ga * eye(nw) Dpzw';Cpz ¥ R11 Dpzw — ga *

eye(nz)

1;

Closedloop = [R* Acl'+ Acl * R Bclw R* Cclz';Bclw' — ga * eye(nw) Dclzw';Cclz * R Dclzw — ga

* eye(nz)];

F = set(Openloop < 0) + set(Closedloop<0) + set(R>0); %First step, LMI to get R and gama

solvesdp(F,ga);

gama = double(ga) ;

R = double(R)
Q=R;

U= sdpvar(nu);

Au =
ga=

sdpvar(naw + nv, naw + nu) ;

sdpvar(1);

fai=[(Acl * R) + (Acl * R)'Bclg* U+ Q* Cclu' Bclw Q * Cclz"';

(Bclg* U+ Q% Cclu')'Dclug* U— U+ (Dclug * U—U) ' Dcluw U * Dclzq';
Bclw' Dcluw' — ga * eye(nw) Dclzw';
(Q% Cclz')' (Ux Dclzq') ' Dclzw — ga * eye(nz)];

e B B A SENERBINTAE BB
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H1 = [Bclv' zeros(naw,nv)]; %$naw=0

H1 = Beclv';
H2 = Dcluv';
H3 = Dclzv';

H=[H1 H2 zeros(naw + nv,nw) H3];
GU = [ zeros(naw,nu + nw + nz) ; zeros(nu, n) eye(nu) zeros(nu,nw+nz)]; % naw=0

GU = [zeros(nu,n) eye(nu) zeros(nu,nw+ nz)];

Mu=0;
Stro= — 2% (1—-Mu) * U+ (Dclug* U+ [zeros(nu,nc) eye(nu)] * Au) + (Dclug * U+

[zeros(nu,nc) eye(nu) ] * Au)';

Anti=fai+ GU'* Au' *x H+ H' ¥ Au * GU;

Fa = set(Stro<0) + set(Anti<0); % Second step, LMI to get Au and UU

)
solvesdp(Fa, ga);
gama = double(ga)
Au = double(Ru);
UU = double(U);

Daw = Au * inv(UU)

Dawl = Daw(1:2, :);
Daw2 = Daw(3, :);

save anti_file Daw;

(2) Simulink EF2J¥: chap5_2sim. mdl

‘>I—> chap5_2ctrl I/

) ut

I = chap5_2plant

O=

/‘
1 chap5 2cm
~ po_~Cmp

(3) #EHIZFFET . chap5_2ctrl. m

[
5

LQG controller with AW

function [sys, x0, str, ts] = s_function(t,x,u, flag)

switch flag,

case 0,

[sys, %0, str, ts] =mdlInitializeSizes;

case 1,

sys = mdlDerivatives(t, x,u);

case 3,

sys = md1Outputs(t, x,u);

yl




case {1,2, 4, 9}
sys = [1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str, ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates
sizes. NumDiscStates =

sizes. NumOutputs =

sizes. NumInputs

sizes. DirFeedthrough

~.

o= N O W
~o o ~.

sizes. NumSampleTimes

sys = simsizes(sizes);

x0=[000];
str=1[1];
ts=[00];

function sys = mdlDerivatives(t, x,u)
w=1.5% square(0.25 % t);
y=u(5);

vl=[u(l) u(2) u(3)1";

% From chap5_1LQG. m
Ac=[—0.0081 1.0000 0; —203.8428 — 74.1936 244.9490;

0 0 0];
Bcy=1[0.0081;0.5; —1];

Becw=[0 0;
0;
1]1;

sys(1:3) =Ac* x+ Bcy* y+Becw(:,2) *w+vl;

function sys = md1Outputs(t, x,u)

w=1.5% square(0.25 * t);

v2=u(4);

y=u(5);

% From chap5_1LQG.m

Cc=[ —202.3428 —64.1936 244.9490];

Dcy=0;

Dcw=[00];

xc = [x(1) x(2) x(3)]1";
ut=Cc* xc+Dcy * y+Dcw(:,2) *wtv2;

sys(1l) =w;
sys(2) = ut;

(4) #MEFEF : chap5 2cmp. m

function [sys, x0,str, ts] =s_function(t,x,u, flag)
switch flag,

case 0,

e B e SERESSREFBINT Y RS
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[sys,x0, str, ts] =mdlInitializeSizes;
case 3,
sys = md1Outputs(t, x,u);
case {2, 4, 9}
sys = [1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

sizes. NumDiscStates

~

sizes. NumOutputs

sizes. NumInputs =

sizes. DirFeedthrough

~.

[}
o = = b O O
~.

sizes. NumSampleTimes

sys = simsizes(sizes);

x0=1[1;
str=1[];
ts=1[1;

function sys = mdlOutputs(t, x,u)
persistent Daw
if t==0
load anti file; % Daw
end
%Daw =[ 0.0038 —0.0395 —0.0118 0.9990];
g=u(l);
v = Daw * q;

sys(1:4) =v;
(5) BN LT . chap5_2plant. m

function [sys, %0, str, ts] = s_function(t, x,u, flag)
switch flag,
case 0,
[sys,x0, str, ts] =mdlInitializeSizes;
case 1,
sys = mdlDerivatives(t, x,u);
case 3,
sys = md1Outputs(t, x,u);
case {2, 4, 9}
sys = [1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str, ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates
sizes. NumDiscStates
sizes. NumOutputs =

~.

Il
= = O N
~

sizes. NumInputs




sizes.DirFeedthrough = 0;
sizes. NumSampleTimes

1]
=
~.

sys = simsizes(sizes);

x0=[00];

str=1[];

ts=[00];

function sys = mdlDerivatives(t, x,u)
ut=u(1);

wn=0; %$0.001 % randn(1,100);
Ap=[01; -1 —10];

Bpu=[0;1];

Cpy=1[10];

Dpyu = 0;

Bpw0 = Bpu;

sys(1:2) = Ap * x + Bpu * ut + Bpw0O * wn;
function sys = mdlOutputs(t, x,u)

Cpy=[10];

Dpyw0 = 1;

vn=0; %$0.0001 % randn(1,100);
sys = Cpy * x + Dpyw0 * vn; % th

(6) YERIFEF: chap5 2plot. m

close all;

figure(1l);
plot(t,w,'—.r',t,yl, 'k', 'linewidth',2);
xlabel('time(s)');ylabel('x]l response');

figure(2);
plot(t,ut(:,1),'r', 'linewidth', 2);
xlabel( 'time(s)');ylabel('Control input');
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