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BTAX =X

p.u)5§” )l oolazw! ..\.M:L; °}’5 B )fl Lol . ..\.wl) LSAB-IA JM}’[A ‘_g‘).: lew oj.:s Lng)L))a 9 ).n)u.o L_)""QL.’. ULA.Q 63‘5 B as

Al S o p A e yle ohug wolie d=ei g(A) ,gws
Ml’bﬁ ‘) 44_9[.: w.a..o.:.: 0)45 JJQLG.A WAl =0 Ju]aLo 9o B 9 A L.)—| Be 4«5 d=ei g(A, B) )9l~.:b
copd o BV wosle o1y ol ohg slayloy s D (gykad s sle 59, ;0 [y A sl 059 polie [V, D] =ei g(A)
A X 6[.@)‘-)).3 uw).lLe W uw);Lo Sl A CAMJ) o9 6L®)b}.g uw).:l.o V &5 A*V=V*D cuils M‘P U"l)"l""

o 'h)y B:3) ubwo \Y Ml}bo 6‘)) . WT*A:D*WT )f‘ é}.w <° OML’

» [WD]=eig(A");
» Weconj (W ;

el sl 5l Jolete a1 plol faau 1, A oy slaylo g polas [V, D =ei g(a, ' no bal ance') ,gws
rolie 5 oo dnlowe 4 jamie w0iniSy Sonn |) 6399 ol ald e Joleie Joo plonl ¢ Jgons b 005 (oo
ails S92y T8 8,5 (sl o OISl 4 wisl SasS Gum 4 e ile polie azliz Ll s e oy sl
BB ol o 3l polic plo b aslie o a5 WS s ebiie 6l @i & 1, LT ol (Soe (s5be Jolaie Jos il
5l pare 45 (63,150 50 Cal yigs (plplo o] dalgs sgg Uas o5y (slals p dwlore J0 4l )0 9 0 Ko (gl ala>dle
- ;| oW S oS s A el

D9 oslitl o9 slalo g polie anwl=e sl NO bal ance'’
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A* V=B* V¥ D ol aedly by S e ot 1) e 4Bl gl ok
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' Roundoff error
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WS oo e G |y o5y slajloy g polie dule o eolitul 5550 o, [V, D] =i g(A, B, flag) g
WS Lasl ) 5 oylee 5l SO wils o flag
Oolite A axiliz s e pll Bl cholesky (5,.5,5:51 5l oolatwl b 1) adl paoss o539 polie dcwlxe :’chol ¢
A dlem bl (53 i Dyge a4 g,y ol wil Cude e yliie B g (Hermation)

Lol JLQ.C‘ J;L‘)).uu)l.d.wb BBA 6‘)490;‘540)@5 QZ M)}.in)‘ :7qZ‘

Jlo e

P oo B R omle
3 -2 =09 2*eps
| -2 4 1 —eps

—eps/4 eps/2 -1 0
-0.5 -05 0.1 1
a5 apo o ol g a4 Jle pl g e 59,505 sl o Gl jo a5 cewl gpolie Glils gl oyl
ZQ‘)}L.»:») 6‘3‘ L. el S92 09 db)laﬁ T dwlee 6|).3 no balance <Jl> )'| ool
» [ VB, DB] =ei g(B);
» B*VB- VB* DB
ans =

0 - 0. 0000 0. 0000 0

0. 0000 - 0. 0000 -0.0000 -0.0000
- 0. 0000 - 0. 0000 - 0. 0000 0. 0000
0 0. 0000 0 1. 4420

P Ohyis gLl b e Jo )3 S jio mile b plp oS
» [ VN, DN] =ei g(B, ‘ nobal ance’ ) ;
» B*VN- VN* DN

el 005 Hls yho 4 a5 Wl o Candy g e yile
ans =

1. Oe-015 *

0. 4441 -0. 2220 0.1471 - 0. 4996
0 0. 0555 -0. 3695 0.0278
-0.0172 -0. 0015 0. 0066 0
0 -0. 2220 -0. 1110 0. 0555

restim  ygws -4-Y

S, oyt 5 s Sl E¥bee 2l o b Sy, Seslizs E¥olas s iBan @
oS e

est =esti n(sys, L)
est =esti m(sys, L, sensor s, known)

Olxadys 0
o ol Iy (est) Sy, cdle wVolae L X9, 0,49 9 SYS i 3L, L €St =€StI M(SYS, L) g
P8 o oSt Soygy Wishisa oyd 55 ol BB Y (lers S anm 5 (ol (W) s (sliasss dod o

208l 5 SYolee slls (5Y8) shol ptams 51058 o )] > (gl
X=Ax+Bw
Y=Cx+Dw
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C = [1.9691 6.4493];

x0 =[1; 0.5];
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/ x4 dot =x4 dot 1+x4 dot 2+x4 dot 3; \

x(1, k)=x(1, k-1) +0. 01*x1 dot ;

x(2, k)=x(2, k-1)+0. 01*x2 dot ;

x(3, k)=x(3, k-1) +0. 01*x3 dot ;

x(4, k)=x(4,k-1)+0. 01* x4 dot ;
end

teta=x(3,:)*180/pi; % changi ng x3 fromradian to

K degr ee /

(4alal) ~¥-\ 4 Jsub

B g sl EXPS 3.m aly Lol b .aisd 0,53 asli ;) S o whode.m s EXPS 3.m LG g0
ot clls SYolae da gl )b &gl 20 ,lake jl e 0dem LB s ogi e Slexls T g,e 5l ode.m
0 &l Sl o le Ao 5 Wisd (o > (10) 5 Jsb L) 65 4 68 ©j50 s For dal> S, 50 pi
onl 00,5 ooy Ll 40 0 ooliw 3 EXPS 3.m Ll 4 g 0.5 0 8 teta e 10 4% 0 cons ol
el 0033,5 oy B0 S8 55 a5 el 418 5 aloul 01 61y glice Bl e 4 s Slilee

(A-% Jlw) acker jgwo b cdl Shud ol,b -Y-Y

s Slgadad a5 000 5 Sb ge0 4 cll> Shad sanS S Lagles Sl s (6l V-F Jls o
8l s 098 gl pies 5 438,515 [-0.9+1.9i -0.9-1.9i -1.8+0.6i -1.8-.6i] ,5 diey ail>

il 3 Oygo s >l pl o eolatul 5,90

T N

% ---- PARAVETERS DEFINI TION -----
all=-0. 0507;
al2=- 3. 861;
a21=-0. 00117;
a22=-0.5164;
a31=-0. 000129;
a32=1. 4168;
a33=-0.4932;
b1=0;
b2=-0.0717;
b3=- 1. 645;

. 4

EXP6_8.m &sls s —¥—\ 4,5 Jsub

1'9=5°0=20°0=33.4°
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CL _sys=ss(A-B*K, B, C D*K, D) ; % Cl osed- Loop System
CL_gai n=dcgai n(CL_sys) ;
% DC- Gai n of cl osed-|oop system

K r=i nv(CL _gain); % control signal: u=K*x+K r*yd
yd=1; % desired val ue for output (teta)

%-~~ S| MULATI ON ~~~
x(:,1)=[0;1;0;0]; %initial condition

for k=2:ct

u(k)=-K*x(:, k-1)+K r*yd;

X(noRyex(s ko dy e 00 s An (koY AR R
end

Yoo PLOTTING STAIES —nvc
figure;subplot(2,2,1);plot(t,x(1,:)
title(' Tracking Problem state X 1'
subplot(2,2,2);plot(t,x(2,:));
title(' Tracking Problem state: X 2');
subplot(2,2,3);plot(t,x(3,:));

title(' Tracking Problem state: X 3');

subpl ot (2,2,4);plot(t,x(4,:));

title(' Tracking Problem both: X 4 and Qutput');

L
1

%~~~~ PLOTTI NG CONTROL S| GNAL ~~~~
figure;plot(t,u);
title(' Tracking Problem Control Signal');

(4olal) Y= 4B Sk

bl oo <l JolS 58y J S go0g 0. 1255 o Jaull Cdad SO
openl oop_ei genval ues =

0. 1255
- 0. 3502
-0.2878
-0. 5478

controlability rank =

4
el oads b cdl Soas acker  jgiws l eolaiw! L STATE FEEDBACK DESIGN  jisw o

)‘ ool la W cdls SYoles U,MDD 9o, 40 o] d..ﬁ; u)ﬁ..o ‘Svl.n)) 9 uwy;) uou 9o 40 LQ‘J)L...JCLH.MJ
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for k=2:ct

u(k)=[-KL -K2] *x(:,k-1);
XCo kyex(: k- 1)+ D1 LA bar>xt: k-
1) +B bar *u(k) +[ zeros(rA 1); 1] *yd+[ w; 0] ) ;

end

Yo Pl OVTTI NG STATES ~oio
subplot(2,2,1);plot(t,x(1,:));
title(' Tracking with D sturbance, state: X 1');
subplot(2,2,2);plot(t,x(2,:));
title(' Tracking with D sturbance, state: X 2');
subplot(2,2,3);plot(t,x(3,:));
title(' Tracking with D sturbance, state: X 3');
subplot(2,2,4);plot(t,x(4,:));
title(' Tracking with D sturbance, state: X 4');

% ~~~~ PLOTTI NG CONTROL S| GNAL ~~~~
figure;plot(t,u);
title(' Tracking with Di sturbance, Control Signal');

%~~~~ PLOTTI NG QUTPUT SI GNAL ~~~~~
figure;plot(t,x(1,:));
title(' Tracking with D sturbance, Qutput Signal');

(4oal) —¥-\ 4> Jsud
i SaS s s S50 6 py J5S 5 00l Byae B g A glons il FO-F-F Al 5l ooliiul bl

9 K]_ ‘_gl{,»uj.:Lo w0l oolaw! cdl> ASJM u’_>‘).'o k.g‘)'.’ acker )G )‘ By ] od..{.))f ) ctrb
losds gjlolaz FY-F-5 i, 5.bK;

(Vo= JLo) pimnw (Soliu s Hl8 ) p clo Shoud puodi J1-F-Y
(opmra bl o loudad oy (108 jalaie a0 pstionis> Glosiuw jo Sl SGud A4S ol aies Ve-fF e o
039y Jio cnl 4y bogrye o5 Aalyy as o )18 il Comi | s (Sealiys JB8) ()] jed 5 G 0 iy paeie

[ ac 0

clear all

%--- DEFINITION OF M MO SYSTEM - - - -

A=[0 1 0;0 -1.799 6.953:0 0.939 -1.660];
B=[0 0;-28.97 -6.453;-0.174 -0.230];

[rA cA]=size(A;
[rB, cB]=size(B);

. 4

(Ve Jia) et sSaabin J08 ) 53 Glla Saasd ki 310V Jsid
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(4olal) ~0- (4o Jsd

S5 5l oolial asliyy ol o Gl &5 Lol el o onliiul 5 (gl desle gl NUIT jgis |
3,90 yslaie yad (gl ST M jglws .l ouls oolatwl “ Simulink U gjlwacs « Matlab o olawls”

p.s)‘o).:‘sn )93‘.\:‘) LJ"‘ )| oolaul 55.7u I 4.,)1.3'.) o 433; )‘)3 oolazwl
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Lo ol o el Sealins Sl (s 3loacd lp (SSLS e o Simulink wils o 45 shules
Gl oa 4135 L5 5 g SISl 80 e o ml iales el slad ialed 1l soanie sleSsh
Cosl o)y golans glyls LSl cnl 51 Sy o S o (g3lustnds |y 055 s ,S00S 4 sl Jlasl L 2l )b o5
ez el cl glad mles Sl Jlie plsie 4 a3 e | LT il sileand g5,0 5l 3 2k oS
ol & o laie LBy, G Wsd oo 20 e b g a5 cdl D 5 C B A Gl jle &g 4 el b
ol el eoly s (g,lade Matlab e o o le SU @ asslis> .ol Matlab s (9,0 5l b il )b

ielb ol 59,8 8)ly Jore jo 4 cenl B Laad 0y wales Jlg>l 3 L Simulink lases j0 Sels 2 30 o 5be
b sim('exp6l0',[0 8]) ,5ws o5 o3k oy by 4 eS| 0gd Al wyle el
My ol st Sley 85L 5 S o Sls31,8 1>l 6l |y el Simulink lae o J6 S a5 exp610. ndl

Lol odal £-V o JSi 40 exp610. mdl LB s o )8 4l

wit)

7
K - s states
E

@—b time g ivisgrartor T Workepace

Cllock

To Workspaca? }l
A

K 1Y

exp610. mdl Ll -F-\ & J<ud

& Wb a5 "wes Gain Matrix s 4 el 5 slls K g B A bl bonds aseie sbeSsb 5l S o
si (' exp610', [0 ,gwo slyxl 5l LS K g B A lows il 040 ativg Ll o K g B A slgsl w5
©ol> state e Simulink lase o LU pl gzl 5w loads oy e 0-) o S by 40 8])
ogdlay .09 o 0ils, 5 5L Matlab e o el bl slile) (gl oS IME yitin 35 g el s>
integrator S'sly o initial condition ol )L, €Xp610. mdl Ll o piwcew bl @ adgl lade yols Iy
S0 b PV 6 9 -V o ldSs jo o e LB g0 a5 cul ol azgr LB AT cnl oad a8 )8 i o

el 03 4zl )

0=V Jlo) <l K3 (2 5b -0-Y
2dlo VoV Jlio 4y bogayo 05 delip 28,5 )18 (w590 VY i 50 JulST A5 e K3, (il by

9dise (B0 ) Dy & e Sl slad Giules )

Xx=Ax+ Bu
y=Cx+Du
IS S Jlgo s j00 Sl (55, daZally 50,5 0l iy 4 0gy5 sl Y
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clc
clear all

%-DEFI NI TI ON OF PARAMETERS OF | NVERTED PENDULUM SYSTEM-

nE. 1; % Kg - nmass of pendul um

MEL; % Kg - nmass of cart

| =. 06; % Kg. n*2 - nonent of inertia

g=9. 81; % ni sec”2

L=. 35; % meter (length of pendulumis 2*L)

mL_bar=ntL/ (m:M ;
n2 _bar=n*L/ (| +nTL22);
nb=nll_bar *n2_ bar;
% - LI NEARI ZED DYNAM C EQUATI ONS OF | NVERTED PENDULUM - - -

A[0 1 0 0:0 0 -nb*g/(1-nb) 0;0 0 0 1;0 O n2_bar*g/ (1-nb)

0] ;
B=[0; 1/ ((mM *(1-nb));0;-n2_bar/((mM*(1-nb))];
C[10 0 0]; Y%el ecting state 'x(t):displacenent’ as

syst em out put

% - OBSERVABI LI TY CHECKI NG - - - -
observabi l ity rank=rank(obsv(A Q)

% - SELECTI ON OF OBSERVER POLES ----------
P=4*[-0.7+3i ,-0.7-3i,-0.8+40.3i,-0.8-0.3i ] ;
Y%observer poles are selected 4 tinmes faster than
%! osed-| oop pol es of exanple 5-3

% - FI NDI NG OBSERVER GAI N USI NG Ackermann's Fornul a --
L ext =zacker(A ,C ,P);
L=L ext'; %"L" is the Cbserver @Gin

% - OBSERVER S| MULATI ON using "SI MJLI NK* -------
[tine,states, out put] =sinm(' observer' ,[0 2]);
% Matrix "states" has 8 columms: first 4 colum are
% eal states and the next 4 columms are estinated
col umms.

% - PLOTI NG GRAPH OF REAL & ESTI MATED STATES ----

subplot(2,2,1);plot(tine,states(:,1),'b:' tine,states(:,5
Y, b ctitlel X 1)

subplot(2,2,2);plot(tine,states(:,2),'b:' tine,states(:,6
), b-")title(' X 2');

| egend(' Real State',' Estinated State')

subplot(2,2,3);plot(tine,states(:,3),'b:', tine,states(:,7
), b= )ititle(' X 3 );

subplot(2,2,4);plot(tine,states(:,4), ' b:', tinme,states(:
)}, b-)title( X 4 ).

(V- Jle) S35, (o2l dols o V-1 o Jsud
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.oa)fsn S e (S Cad, o sle &g, rank(obsv(A Q) ,gws jl eolawl b laml asbiy cpl jo
JSo) observer. mdl - LB o Ly sloancs .cosl oals eolatul acker giws 3l 56 X035, 60 b ol
! 00 @‘5}‘)3 P )gwd .'aa.uy as 4..3; ral.‘}u‘ (A—\uo

[tine, states, output]=sin(' observer',[0 2])

time , states.output slpws b o500 4 Simulink s ,o observer.mdl LG sl b
o 9 bl Ol e plot jgiws l eolaiwl b el jo g 058 e oails 550 Matlab loe o

D)5 oy Bl o |y s

|

wit}

vt}

rit}

i 7
L & g K
a8

V=V Jlis (s jlewdands g1y Observer. mdl dols yu —A-\ & IS

(Y-V Jlw) a8b pals 4 po y0 5, -
Slr X005, OlF e ASe Cuns S pduca) paaw a5 el jo a4 al sl L Y-V iy g
Egoge (ot owyp lp V-V Jlo 4 by pj &bp oS b pacw pdico), skl olols

% Exanpl e 7-2, Reduced- Order bserver

clc
clear all

m=. 1;
Me1;

| =. 06;
g=9. 81;
- 35

%- DEFI NI TI ON OF PARAMETERS OF | NVERTED PENDULUM SYSTEM ~~

% Kg - mass of pendul um

% Kg - mass of cart

% Kg.n2 - nonent of inertia

% m sec”2

% neter (length of pendulumis 2*L)

\

4

(T-V JBe) 80 Ghals 4 yo i), ) o2 J<
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1 real state
To Workspaca?

Xt}

I it} K

¥t

LR |
T
Fi| & A
Ll 1| =y | . Mo W astim_state
=] .lnas;mbrf To Workspacs
K w «
FZ

-\ 4o Jsidi dols o ya ouldiuul uy 90 reduced_observer. mdl Juld -\ -\ 4o Y

(F-¥ Jlo) 5003, b Il SQund J s -V-¥
0aisS S 0,9] Candy g gaisl udls bgmu F-V isu jo K, 9 b s &8las b sl o
oo Y-V JUo )3 9290 (nl (s 0 By 23 &abip 35 (o) 2

% Exanpl e 7-3, State Feedback+State Cbserver

clc

clear all

% ---- PARAVETERS DEFINITION -----
all=-0. 0507;
al2=- 3. 861;
a21=-0. 00117;
a22=-0.5164;
a31=-0. 000129;
a32=1. 4168;
a33=-0. 4932;
b1=0;
b2=-0.0717;
b3=-1. 645;
g=9. 81;

% ---- OPEN-LOOP SYSTEM X dot =AX+BU - - - -
A=[all al2 O -g;a2l a22 1 0;a31 a31 a33 0;0 1 0 0];
B=[ bl; b2; b3; 0] ;
Cf100 0];

% --- CONTROLLABILITY & OBSERVABI LI TY CHECKI NG ----
controllability rank=rank(ctrb(A B))
observabi | ity rank=rank(obsv(A C)

(7= Jlie) a5 s o Sy 58 1)) 03 g
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% - SELECTI NG POLES OF CLOSED LOOP SYSTEM AND OBSERVER - -
Pe=f-2 -2 5 -1 -1 5], %! osed- | oop pol es
Po=3*[-2,-2.5,-1,-1.5]; Y%observer pol es

% --- CONTROLLER AND OBSERVER GAIN -----
K=acker (A, B, Pc) ;
L=(acker (A ,C ,P0))';

% --- S| MULATI ON USI NG "SI MULI NK" ----
sin('cont',[0 10]); % ecedBack with Real states
sin('obsv cont',[0 10]); Y% eedBack with Estinated states

% --- DRAW NG GRAPHS - - - -

plot(tinel, cont control,'b:', tine2, ocbsv cont control,'’ b-
‘); xl abel (' Ti ne(sec)');

| egend(' Feedbak of real states','Feedbak of estiated

states' );title(' Control Signal');

figure;
for k=1:size(A
subpl ot (2, 2, k) ;
plot(timel,cont states(:,Kk), b:', tine2, obsv_cont states(
= k) 1 o ) )
end
subplot(2,2,4);]l egend(' Real State',' Estinmated State');
x| abel (' Ti ne(sec) ' );
subpl ot (2, 2, 3); x| abel (' Ti ne(sec) ' );

(aalal) =V V=Y (& Js

M ) O ygo 4y Lilaid S 18 solainl 090 dsliyp opl ;0 457 obsv_cont. mdl , cont. ndl LLL

——  coni_siaies

w(l) » K 1| i) To Workspace
To Workspace? ] fnb;'abr
aont_cormnof " x lg—L
A

(O o

To Workgpaca?

cont. mdl Js8 -V Y-\ 4o s
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IR

To Workspace

dmmememti————l

(O—{me
Clock 1 Workepaca? L & 4.(+§>—. 1| un
a8

xt)

b2t

r{” é

-

obsv_cont. ndl Ll -\Y¥-\ 5 s

ohay_cont_ states

To Workepaoe

Gl oals aid )8 Sl s [0.2,0.1,-0.5,0.5] & 50 4 598 L 9o, ,ointegrator Sl &gl Lyl i

Sl 0als a8 5 Jlas o a0 Obsv_cont. mdl LB o integrator] Sely gl p adsl byl oyl

(F-¥ Jlo) a8l gl ad po )49, b cdl> Shuud J pus -A-Y
Ve &y bgrye 45 5 by 00,5 0ol s gl lulid gl JolS S35, 5y 5l b Jlie 5o
S oo oy a8l el A e 05, L adl Shad S (SeSs el ¥

ﬁxanrpl e 7-4: State Feedback + Reduced- Order Observer \

cle
clear all

%~ DEFI NI TI ON OF PARANETERS
0:.0.0 1 0]

B=[0;-0.036;-12.61; 0] ;
C[1000;010 0];

% - SELECTI NG OBSERVER PCLES
D110 00 10}

L

% Sel ecting state 'x(t)' & 'teta(t)’
% O her states should be estinated!

OF Longi t udi nal

motion ~~~

A=[-0.007 0.012 0 -9.81;-0.128 -0.54 1 0;0.064 0.96 -0.99

as measured out puts,

4

(F-V L) 4Bl (RAIS 43 po S35, b Sl Saasd 3358 -1 ¥-) o i

47



POWEREN.IR

PowerEn.ir

(dolal) =V F-) 45 Jsib
50 el 0del VO oSS o as 5 18 solaiul 9,90 (398 dalip ,0 45 reduced_obsv_cont. mdl L

el dan jea> o s (a0 Slee b atil, zalS 4o e 505, b cdl Soasd Sy o,Slas L oyl
W‘OMMLBAW
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STATE FEEDBAK + REDUCED ORDER STATE ESTIMATOR

To Workspacad

To Workspace3

STATE FEEDBACK ONLY

F

real_state | ‘ real_comt "7

o Workspacal

¥t

Cou il

To Workspace?

VF-) o Jsudi dols o suldicul uy 90 reduced_obsv_cont. mdl Jald-Vo-\ 4o Jsud

0-A Jbo) Cdlo SOud O jguo 4 diogr sussS [ oS ol -4-Y

Odsl 5o 23S Sjge (hat dige o oaisST S (2L g dp J5S Son p )9 piie Jab o
oS o bl g5 430 3 Slas a3l S (gile 4 gl Sl Soawd b S O0-A Jle) Jad ol b

dlioe ol 4 bgie 5 Al

ﬂExanpl e 8-1: Optinal State Feedback \

clc

% -- SYSTEM DEFI NI TION - - -

A=[0 1;0 0];
B=[0; 1] ;
e FIRST SEIECTICN FOR IR1 & LR oo
% SELECTION OF "R1" & "R2" ACCORDI NG TO COST FUNCTI ON -
Ri=[1 0;0 O];
R2=1;

K=gai n_cal (A B, Rl, R2);

% -- S| MULATION - - -

sim'optimal’',[0 5]);statel=states;
k control 1=control ;ti nel=tinme; /

(1A Jlio) e s Eaags J S -1 720 03 s
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s SHOYRE) SELECTION BUL R 8 ) s
% SELECTION OF "R1" & "R2" ACCORDI NG TO COST FUNCTI ON -

R1=[ 10 0; 0 0];
R2=1;
K=gai n_cal (A B, Rl, R2);

%-- SI MULATI ON - - -
sin('optimal',[0 5]); state2=states;
control 2=control ;ti ne2=ti ne;

Y% ======== THI RD SELECT|I ON FOR 'Rl' & ' R2' ======ccc
% SELECTION OF "R1" & "R2" ACCORDI NG TO COST FUNCTI ON -

R1=[ 100 0;0 O];
R2=1;
K=gai n_cal (A B, Rl, R2);

% -- S| MULATI ON - - -
sin('optinmal',[0 5]); state3=states;
control 3=control ;tine3=tine;

0= LEORTH SEIECTICN FOR 'R & R - -

% SELECTION OF "R1" & "R2" ACCORDI NG TO COST FUNCTI ON -
R1=[10 0;0 0];
R2-5"

K=gai n_cal (A B, Rl, R2);

% -- S| MULATI ON - - -
sin('optinal',[0 5]); stated=states;
control 4=control ;ti ned4=ti ne;

Y%======== F| FTH SELECTI ON FOR 'Rl' & 'R2' =========

% SELECTION OF "R1" & "R2" ACCORDI NG TO COST FUNCTI ON -
R1=[10 0;0 0];
R2=25;

K=gai n_cal (A B, Rl, R?);

% -- SI MJLATION ---
sin(' optinal',[0 5]); stateb=states;
control 5=control ;ti ne5=ti ne;

Yata##H##H### RESULTS PLOITI NG ####AH##H#H##

subplot(2,1,1);plot(tinel,statel(:,1), b:', tine2, state2(:
,1),'b-' ,tine3,state3(:,1),'b--');
| egend(' R1=1',' R1=10',' R1=100');

subplot(2,1,2);plot(tinel,statel(:,2), b:',tine2, state2(:
,2), b-'  tine3,state3(:,2), b--');
| egend(' R1=1' ,' R1=10',' R1=100' ) ; x| abel (' Ti me(sec)' );

figure;plot(tinmel, controld,'b:', tine2,control?2,’b-
',tinme3,control 3,'b--');

| egend(' R1=1',' R1=10',' R1=100'); x| abel (' Ti me(sec)' );
title(' Optimal Control Signal: Effect of "RL" Variation')

figure;plot(tinme2 control2,'b:',tine4,control 4,'b-
‘,tine5,control 5,' b--');

(aalal)-\ 5= oo Jsat
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l egend(’ R2=1' ,' R2=5' ' R2=25' 4): x|l abel (' Ti ne(sec)');
title('Optinal Control Signal: Effect of

"R2" Variation')

|

(aalal)=V P 4o Jsid

U5 o ol by a5 (b ol el a8 sbol Gain calm sl 5 cdls Spagd sy el
)‘M.A (S»liv) dJoles J_‘> Lv goo; uSLu).b ‘) R2 3R1 ‘5|)5 6[.@(.“.1).&9 5B )\oﬁ A u.ua).vLo ] OMT \v—\uo

Lol oo ool aresol v jgiws l diwgn SIS, doles J> gl aiS oo aslxa K ls

/f unction [K] =gain_cal (A B, R1, R2)

% -- SOLVI NG RI CCATI
R=B*inv(R2)*B ;
Q=R1;

[ P1, P2, LAMP, PERR, VEELLPCSED, P] = aresol v(A QR 'schur');
K=inv(R2)*B *P; Y%t at e feedback

EQUATI ON (15-3-8) ---

~

4

VA=Y b JSidi dold yu ya 438 4 ,ls ay Gain_cal.m aali —\V-) 4o Jsud

(V- A Jte) &l il ol 3 Aty J 555 — VoY
).vej)l-c Jw‘ d.d)f ral.‘)u‘ 69.7;1 4 CL....QJ J)...S (w‘ JLA.AUMAJJOBJJO ).1) :Lol.').v 45) Y-A JL».A )J
Sy yao 4y 1= 2 8€C dlasd )0 piw Sl w0 Slae a3l ol aeS

% Exanpl e 8-2: Cal culus of Variation

clc
clear all
% -- SYSTEM DEFI NI TI ON - - -
A=[0 1;0 0];
B=[0; 1] ;

% -- SELECTION OF "R1"
FUNCTI ON - - -
R1=[ 1000 0; 0 O] ;
R2=20;
P1=[1 0;0 1];

& "R2" & "P' ACCORDI NG TO COST

% - - SYSTEM PERFORVANCE Tl ME AND BOUNDARY VALUES ---
t=.001: 0. 001: 2;
[rt,ct]=size(t);

x(:,1)=[2;6];
P=P1;

%final value for P(t) (it nmeans P(t=2))

(YA Jlio) &l yaads Glus —VA-Y (4 JSid
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a32=1.4168;
a33=- 0. 4932,
b1=0;
b2=-0.0717;
b3=-1. 645;
g=9. 81;

% ---- OPEN LOOP SYSTEM X dot =AX+BU - - - -
A=[all al2 0 -g;a2l1 a22 1 0;a31 a31 a33 0;0 1 0 O];
B=[ b1; b2; b3; 0] ;

C[10 0 0];
%~~ Partl: KALMAN FI LTER DESI GN ~~~~
% _____________________________________________________
% SELECTI ON OF "R1" & "R2" ACCORDI NG TO COST FUNCTI ON -
R1=5;
R2=5;

% -- SOLVI NG Rl CCATI EQUATION (15-3-8) ---
R=C *inv(R2)*C
B*R1*B ;
[ P1, P2, LAMP, PERR VEELLPCSED, P] =
aresol v(A ,Q R, 'schur');

L Kal man=i nv(R2) * C* P; Y%t at e feedback

% ~~ Part2: LUENBERGER OBSERVER DESI GN ~~~
P=[-2 -2.5 -3 -4]; Ylesired observer poles
K=acker (A B, P);

% -- S| MULATI ON - - -
sim ' kal man _cont' ,[0 12]);
pl ot (ti me, out put);
title(' System Qutput'); xlabel (' Tine [sec]');

figure;plot(tinme,control);
title(' Control Signal');xlabel (' Tine [sec]');
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