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acker jgiws -)-Y
699,95 Sl sl dad SLl> (b iSun .
ZLOJJ'),MJ h’“)& hd
K=acker (A, B, P)
Pl (B9 80 25 (6999 SS s
X =Ax+ Bu
P 1oy 5 ond Cpuesd sldonn ) diy dils picns gloekd a5 oS HLb bz | K ol Sond sy eadlss oo
oS WS oo pieiie bz 1y (K) Sond o0 )15y cyo,ST Jsesd 5l eslinal b K=acker (A B, P) jgiws S )3
polae 50 Olie 4y s 13 Pl 0 edd et ledore jo ) diy dldls pien Glpedad = -Kx SGus 08
Koadl Shad 2l by delp a0 ciged Glaie 4008 oo LB P oy slacl Jore 0 A-BK s 5ile 039
Ngd oo Jite P=[-2,-3] 4 Hlaubl piaces slondad

A=[2,0,-1,-1]
B=[1; 1]
P=[-2,-3]
K=acker (A, B, P)
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23,5 Jalg dnwlre Kig, oy lsie a ) Lojloy 15 56mws il sl (>9,5 dolee y=Cx 5155
L = (acker(A,C,P))’
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:canon ygws -Y-Y
> glas o sl slo Gios drulrs :dan .
: M'},MJ ud)@ b

CSYS= canon( SYS, ' TYPE')
[ CSYS, T] = canon(SYS,’' TYPE')
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:MODAL 4,5 -
CSYS ;5 g 00,9 Cewds |, SYS  tueews 5l MODAL x5 S CSYS= canon( SYS, ' nodal ') jgiws

S (ogpge b gy o elil g WS e 1B A G ple Glayhad (g5, SYS Ad> ohg polie (35 (pl 0 05,00
)Q A Ju).)LA 4(/11,0'1]64,,/\2) 0}13 ))OLQA L: GMAM 6“).) JL\A u‘y.c L 09....»‘5‘9 ).QUQ A wflA ).) YxY sSjL
390 J2lg> 3 Oyg0 44 MODAL 4,8 3850

A0 0 O
0 o w 0
0 ~w o 0
0 0 0 A

: COMPANION 4, - o
olpo ol j0 a5 ams e 1,1 SYS ;I COMPANION :éss o CSYS = canon( SYS, ' conpanion’) gws

Oygeo & i dastine dolre 510,85 o 1B A o Sl Cl) Cuos adl gl gt (59, i dastive dolre
EE S
P(s) =s" +a,s"" +..+a, s+a,

09 M‘P Fy Soge b COMPANION d,cz?u L) A Uw.)))La o1

00 ..00 -a,
10 ..00 -a,
A= Do

000 10 -a
00001 -q

etyile [ CSYS, T] =canon(SYS, " TYPE' ) yius oS5l ail azls sgzg cll> slisé Jos &ypp0 4 SYS 51

Sy aals g5 T e ple «asls el slad pyd a4y SYS e asilis
ools yao g dad b bows cdle p)8 4 SYS s azsliz lal a5 conl Sjgo (pl 4 jaiws cpl jo Sldes plosl &g,
1oy acgemme a5 P s ile MODAL s 10 .01 (oo Cewdy o] &l (slad 5SS jgws jl eolasl b ol oo
S5l 3 5 0uds Jloel s & T=PT oLt oo 25 SVolan b e 5 958 (g dimlne Zeal A g ile o
il oo Sy

x. =P APx, + P Bu

y=CPx+ Du

COMPANION ¢ 3 gios .09y dales P las conl Joalljgiws izl ol 5l a8 T cll> Joos e jle ooy ool @
b (o Csny g pdy S5 e le 9, 3l sl o 5l oolazal b

il (B95he p) it 1 JUe

x=|-1 5 6+l
3 05 2 1
y=[l 0 O]x
slas,le A sl ofpg polie
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A, =0.6715% j2.571
A, =6.6571

A=[1 2 0;-15 6;3 0.5 2];
B=[1; 1;1];

C[1 0 0];

D=0;

SYS=ss(A, B, C, D);

[ CSYS, T] =canon( SYS, ' nodal ’ ) ;
[ Ac, Bc, Cc, Dc] =ssdat a( SYS) ;

@ JS6slS Gass .l abgy e polis Jos T g JSG6lS Gamas 4 bg e slews e De, Cc, Be, Ac ol o oS

9wl ) & )90

0.6715 2571 0 0.2776
X, =Ax+Bu=-2571 06715 0 |x, +|-12267|u
0 0 66571 1.93

y=Cx+Du=[0473 -0.2081 03178]x,

(g dguze
».\.MJL: FWIRY Ls)bs; 0)49 )l».\.n.a A uw-*)-’LO aS AR (o Frsne C“"JL’ @LA) By vewr) L)"‘ A

The companion form is often poorly conditioned for most state-space Y
computation avoid using it when possible.

il jo Ol jgwe

D52 58 4 ol Jood plaxil (gl 88285 gt

rcare jgws -Y-Y

Csgoloj Sz G Aolas > idon o

oS e
[X,L,Grr]=care(A B, Q
[X,L,Grr]=care(A B, QR S E)
[X,L,Greport]=care(A B, Q ..., report’)
[ X1, X2,L,report]=care(A B Q ., inplicit’)
by

WS o duwle |y 5 SIG,) Aoles 0,8 pamie WL [ X, L, G rr]=care(A B, Q 5w
Ric(X) =A" X +XA-XBB" X +Q =0
Gl 5 ol )l X e 5505 8 (sosmse s9m0 oz Caow A-BBIX o ile 8505 n3lie Lon o5 (595 &
A oo Azl G5 |y 5 0)lge jeiws nl0gd ge 0auel Ric(X)=0 doles Y)'L.,;)l.\g.l,i
el A-BB'X s ile 8509 polie Juls a5 L oy -\
G=B™X s, smysle -V
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D9 g0 Al ) D jgo 4 “‘SVW‘J soile -V
_ Jriec)],
1l
WS oo Jo |y g seges S, Al [ XL, Grr]=care(A B, QR S E) g
Ric(X) =A" XE +E" XA —(E" XB +S) R (B XE +S")+0 =0
)L)).g B v asl> 5).:5 ﬂ.)l.ﬂ.n ).»..: 9 009 G :R_l (BTXE +ST) u.]l?u.:‘ ) 0y g_)“'.’.)"l“’
NS oo )8 L =eig(A-B*G,E)
a5 o o Hy suS JyuS b s ke sboo )5 o o 51 eolawl 4 S8 sl care jgiws oo 5,55 g0
¥
L Qiloads

I

y :{_13 ﬂ,B :m,c =i -1,r=3

A" X +XA-XBR'BTX +CTC=0

S, Uslas

el J B 5 8eby 5l ool |

A=[-3 2;1 1];
B=[ 0; 1]

c[1 -1];
R=3;

[X,L,g]=care(A B, C*Cr);
MBS oo Azl e8]y SIS, Aolee muly 4ol )
X=
0. 5895 1. 8216
1.8216 8. 8188

w‘ )Luo)|AJL; c..ul.: L.)"‘ as M\)GA UL““) A-B*g uw-’)-’lﬁ L:A Ju}:l.o 5).15 ]JQLG.A S\.MLEA
» [eig(A) eig(A-B*Q)]

ans=
- 3. 4495 -3.5026
1. 4495 -1.4370
e yeST e
oslawl S, doles J> 61, QZ p:.l)?iﬂ b aibazwy yogideols pogilalad s slo 5l CATE Hguwo
DS o
gsgaze

Ol Gl ol 4l gogmge e (59) (Slelng ke gt Geigileald e ile odlay A2l ik L (AB) &5
WS 5 bl Sl (S B8 skt
S=0,R>0 :a5 > 0wl pdos, K81 (QA) 79 -

e
S R

? Relative residual
.3 5 as>| 0 Matlab )\j'.élfj.}help a3y cpl o gZelS Sl lej._.4
Wledd B yme 5 o e 92 ez, STl ©
Arnold, W.F., lll and A.J. Laub, “Generalized Eigenproblem Algorithms and Software for Algebraic Riccati Equation”, Proc.
IEEE, 72(1984), pp. 1746-1754
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ihud po gl ygiws @
oS- 5oy SIS, OYolee o - dare
Awgm—ylo ) Bailbld SYolee o> :lyap

ccdf 2rdf ygiws —F—Y

(e SleSsly b gk e o 4y balises jolie b 65kad u lo Joad idan @

[V, D] =cdf 2r df (V, D) ol ygiass Gyl @

sy ®
M]LSA w..)u[ V, D] =ei g(X) )9.:..»\) 6‘?‘ )l &S D 9 Y LgLQ(M.:]:Lo LMLJ st ol X J....:).:Lc 0}13 )JQLOA 470[.\}
Sk —6,b8 il Sual) D pegrge polie b g )hd G ple CAf2rdf  jgns o5 winlys cagnge jole lls
TY S S5 b s 4TS TPY e s ol e epags oizs olie ) 8 S on s i sl
i sty by Jals Vs 5 5,5 st ks 55V e i ol o 4l it salys bline i
Al B XAVEVED alaly LS S el (gg0 4 V i Lol 105 anlsi

oS o0 5y Oyge a ]y X pleJle @

:a)lo (SPIRGe o‘}.g.j )la.&o w LS) aS
»[V, D] =ei g(X)

1. 0000 0. 4002- 0. 0191i 0. 4002+0. 191i

0 0.6479 0. 6479

0 0+0. 6479i 0-0. 6479i
D =

1 0 0

0 445ij 0

0 0 4- 5i

355 saly ol |, 55 aomi ¢ i S5k (68 o8 s inles ool oo
»[ V, D] =cdf 2r df (V, D)

V =
1 0. 4002 -0.0191
0 0. 6479 0
0 0 0. 6479
D=
1 0 0
0 4 5
0 -5 4
(Ctrb jeuws -0-Y
Grd JAS e ile dloe i d0n .
ol ygiws 0,55 o
Co=ctrb(A, B)

Co=ct r b( SYS)
Co=ctrb( SYS. a, SYS. b)

U5 Gt ile ool Bun 5 A o] )0 45 a8l X ZAX+BU o & gl <> dobie aliz olrmdgi
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Co:[B AB A’B - A""B]
A3 JolS Co il 4,y oS ol Bl 08y 58 (Sl pis &5 Sanl 25
oS o0 50 ) Syge 4l B oA Gl ol o
11 1 -1
A= ,B=
4 -2 1 -1
WS o0 dmlone 1y (g S e le A5 5 &by
»A=[1 1;4 -2],;

»B=[1 -1;1 -1];
»Co=ct rb(A, B)
Co=
1 -1 2 -2
1 -1 2 -2
»r ank( Co)
ans=
1

25 oo & s 3 SRS sl oot ABla5 JolS s S e 1 it JoS €O 43, 7

»unco=Il engt h( A) - rank( Co)
ans=
1

Sy iyl S o oSy s 13
Lyogame ¢
p,.S & ool JLA uS.a l) ‘) 83.‘094) u.ll ‘)5...»; ° s )L?b »)J}A 6‘0)14: B Co wbm

g dwle pdy J3S 795 cpl wib 870 31

Co=[B AB]{1 1+52}

o O
PRI EREAPE YR 524.'@1) o] sl Y gunalS Dllme (s ooy €pS o] ,o a5 wilb 07 <eps 51 Ll
ctrbf jews 5l el s uls () jo ol pdy 308 gl a5 Jbo j0 0l wales las paul S | i
g oolawl
il o Wljgws @
s (5 &y Cagy (s ylo dwlxe :0bSV

:Qrbf  yeuws -#-Y

el Uy s iy J58 sl lolaz) pdy Jys SIS p8 ags 1 San @

[ Abar, Bbar, Cohar, T, K] =ctr bf (A, B, C (ol ygws 0,5 @
[ Abar, Bbar, Cbar, r, k] =ctrbf (A, B, C, tol)
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39z T aile olts Joas S5 oSSl bl (sl A ady0 m) njl 28255 (AB) g5 spdy J5uS mile a3, S
00 g O unitary T Jo05 s yile 008 las pdy 508 sl 5l pinn ol 58 sl Wlgi oo a5 0 )l0

A=TAT",B=TB,C=CT"
2 (A pdb JpsS ldls @ by e Gide a5 oS oo Jood plr SBL el SO 4 A il o ol

— 4, 01=[0]=
A=| .B=| |c=[c, c]
A21 Ac Bc

1Bl relgS g atus pAl 5 Aue g polie pled 039 pdy J5US (AeBe) go) el yo

C,(sI —4)"'B, =C(sI-A4)"'B
) (6 5 s frod @B s )3 pdl J5S leill> (s
41, CsB AL i ool il cl> lad g [ Abar, Bbar, Coar, T, K] =ctrbf (A B, O g
il sl maS cl n Jsb 4y s SO K g sgolas bow Geayle T oasS oo o S 3% 4,B,C L ot
2y JrS Al wr (plas fos il ale sl LSS 5L e 0 a5 s (o0 (LS K pas p sl (o A
- ol 00l gl B!
oy el o3 LSS wim T had mple anle lp v (o plis Koy jho e slasl slass Gl
Qe o lid 1 Ag sl slass SUMK) T
cllas Ly aculbxe 00 e LWl Jlade ctrbf (A B, Ctol) jgws 5 tol pais

Sl 4 10*n*norm(A,1)* eps lade wily oaid posd il ol Jlade 31000 oo plad 1y pdl ST pdy J s

SERPPEY P
1 1 1 -1 1 0

A= ,B: ’C:
4 el Sl

Pk o) 5 et i Jle @
[ Abar, Bbar, Cbar, T, K] =ct r bf (A, B, C
Wl mealys ) Dyge ) Wz el g 00d Mz o8 Sl el 2l RIS 5 dy U5 Sledll>

sgsd Jlesl b

Abar =
-3 0
-3 2
Bbar =
0 0
1.4142 -1.4142
Cbar =
-0.7071 0.7071
0.7071 0.7071
g plyS 5 G900 a4 K oy o T (ol oo (m 5le
T=
-0.7071 0.7071
0.7071 0.7071
K=
1 0
5145 g s S el Unitay T o le )
T.T=T".T=1

S o dlma 1y, K lspy solie ggame SUMK) ,5ws ¥
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ROWIPUEI g [ BES SN VR VIR [CTURICN PR BT, COMUReR Ay JUSL SFCN ERPU RSP kA IR CEpC e
s o gleloadlygiws @
A5 oo dula |y (g dy S Gwyile Ctrb

Ao o aomS |y Jlad (o0 3825 g 00ls plxl jao g dad Bd>: i nreal

«di ag ygimws -V-Y
HERV) .
kol kB sjlse slaylad (g9, b i ile Sy (Lol ShaB (g5, o Sy polie (00,18 3
Sop S5 0 T L Gilse slald b e sle Sy (ol Jlad (59, polie oyolsyl 3 Y
iJoallygiuws ()5

X=di ag(v, k)
X=di ag(Vv)
V=di ag( x, k)
V=di ag( x)

SEI

QS oo adgi 1) X G pile ¢ sl moro vae Su kg sgacn g oy SOV ol s a5 X=diag( v, K) g
ok 4y gy o K30 o Lol Sl K=0 .03l 1,3 o jhd ol K g9, V oy yolic s ool ntabs(k) o] slal a5
ool o 25 sloykd 4y Lgy 0 K<O g Lol ,lad (VL
omple SO x ol e a8 Vadiag(x, k) e sl K=0 gl 4 L3 j5nws lea a8ly o X=diag(Vv) ,sws
o V=di ag(x) sl oo X=di ag( Vv, k) jgiws sl K cadle candg o 0,3V oy o1y X ok b ol

.Mo‘so)‘)é k)b)g » ‘)Xw))u é..a‘,’a}d‘g)fot.c
oS (o0 5 py Syge Vb Jle @

» V=[-1 -2 -3];
» X=di ag(V)
X=
-1 0 O
0o -2 0
0 0 -3
» X=di ag(v, 1)
0 -
0
0
0
» Y=[12 3;-3 -2 -1;-5 -6 -8];
» V1=di ag(y)
V1=
1
-2
-8
» V2=di ag(Y, 1)
V2=
2
-1

OO ORr
OO NO
oOwoo
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tei g ygiwd —A-Y
o).:5 ‘_S‘LQ)L)]: 9 ))QLQA QABLJ t.éM °
IJQ&"),.‘L»)\) d)lg.; °
d=ei g( A
d=ei g( A, B)
[V, D =eig(A
[V, D =eig(A 'no bal ance’)
[V, D =eig(A B)
[V, D =eig(A B, flag)

el iy dlsles Jo @8ly 50 ong polie allae jlony (oo Slonie ulad sl o)l jope ST o s Sl 0
AX =X
Gl JSG SR g sgae Nl SO X0 ¥ g 5le SOA Gl 5 aS
o sle olul olaws b pl 059 polie olows aiiiad A o jle 059 polie « aS o 00,915 1) 398 alolas a5 A 5l (5 polie
yemwd Matlab 580 6 5 0 0gd o0 azlils A L ple Cly Ceows 059 Slop pb @y 5 X Jlop el (0 ) A
Lol 00l 48,5 155 5 059 sla,lo s g polie dcwle sl €1 Q
53k 03,91 1) 5 aolas a5 Cwl X g A5l (g polie (yi8l Bas ¢ 4Bl puoti o9 polie allus jo

AX =ABX

ko 5 a8 4 e oo |, Gsd olae olSST wils oy B ST .aies polas s 1¥1 sl 5o 93 2 B g A o] o a8
0,5

BTAX =X

p..q)5§” )| oolazw! ..\.M:l; 0]13 B )f‘ Lol . ..\.wl) LSAB-IA JM}’[A ‘_g‘).: L519.Q.&A oj.:s Lng)L))a 9 ).M)LOA U.A_QL: ULA.Q éﬁ‘s L aS

Al S o p A e yle iy wolie d=ei g(A) ,gws
Ml}tﬂ ‘) 44_9[.: w.a..o.:.: 0)45 JJJLG.A WAl = Ju]aLo 99 B 9 A L.)—| Be 4«5 d=ei g(A, B) )9:“...;&
copd oo BV osle o0y ol ohg slayloy s D (g ykad e le (59, ;0 [, A s sle 059 polie [V, D] =ei g(A)
A (X 6[.@)‘-)).3 w).lLo W w).:l.‘o Sl A C;uu‘) o9 6L®)‘&}.3 uw)JLo V a5 A*V=V*D :culs M‘P U"l)"l‘"

o 'h)y B:3) ubwo w Ml}u& Lg‘)J . WT*A:D*WT )f‘ é}.w <° OML}

» [WD]=eig(A");
» Weconj (W ;

el sl g5l Jolae a1 plol eau 1, A oy slaylo g polae [V, D =i g(a, ' no bal ance') ,gws
rolie 5 oo el 4 jomie windSy Sone |) 6399 ol ald e Joleie Joo ploxl ¢ Jgone b oS (o0
223l gmy (9,5 0,5 (slhs G el 45 Wil S sam 4 Gule ol aziliz Ll ogd e oy slaoy 5
BB ol o 3l polic plo b aslie o a5 WS s ebie 6l @i & 1, LT ol Soe (g5be Jolaie Jos w3k
5l pare 45 (63,190 50 sl yigs (plplo o] dalgs sgg Uas g (slayls p dwlore J0 4l 0 9 0 Ko (gl ala>dle
> ;) Cansl SosS s A et yilo

D9 ooliiwl o5y slayls g pmolie anlxe sl NO bal ance’

lyloy o Gligin oSV o jle 5 a8l gress oy polie Jols D (6,k8 L 5le [V, D] =€i g(A B) 500
A*V=B* V¥ D asls malsd ol pln a8 o agi | s 4Bl eess o

' Balancing
? Roundoff error
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WS oo e G |y ohig sla)loy g polie dule o colitul 5550 o2, [V, D] =i g(A, B, flag) g
WS Lasl ) g o,lee 5l S wils o flag
Oolite A asiliz s e pll Bl cholesky (5,.5,5:51 5l oolatwl b 1) adl puoss o539 polie dcwlxe :’chol ¢
A wlegm bl (o3 i Dyge a4 g,y ol wil Cude e liie B g (Hermation)

Lol JLQ.C‘ J;L‘)).uu)l.o.wb BBA 6‘,39.)}..5640).@5\ QZ M)}.in)‘ :7qZ‘

Jlo o

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

—eps/4 eps/2 -1 0
-0.5 -05 0.1 1
a5 ao (o ol g a4 Jle pl g e 59,505 sl o Clawle jo a5 cewl gpolie Glils il oyl
:Ql)g;‘.wé 61),?| L. ool S92 039 6Lm)|aﬁ Toome dwles LS‘)'.’ no balance <Jl> )'\ oolazul
» [ 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 oS Jo )3 Ces jio i ile b plp oS
» [ VN, DN] =ei g(B, ‘ nobal ance’ ) ;
» B*VN- VN* DN
el G005 Hl yho 4 a5 Wl o Cewdy 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

gy 0 g e > SYolae il o b Ky, (Seslnd Volae froni B @
oS e
est =estin(sys, L)
est =esti m(sys, L, sensor s, known)

Olady ®
o ol Iy (est) Sy, cdl> wVolae L K09, 0,49 9 SYS i 3L, L €St =€STI M(SYS, L) g
PR st Kug) Nsbioe 28 65 ol BB Y Slazgys aen 5 Bolal (W) s loasg)s e o

208l 5 SYolee slls (5Y5) ghol ptams 51058 0 )] > (gl
X=Ax+Bw
Y=Cx+Dw
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IS e adg s EVolae LTy (3,)) e Cdl> 5 (25,5 Sloiess ST M g0 o551

x=Ax+L(y-Cx)

A
I
—
~ 0O
[
- >

o 2Pl )0 0g; o0 5 A 5 ceses lpedus sl €SE=EStI M(SYS, |, sensors, known) giws
90 & b e o (295 mized a3l W Bolal ladg g g U polee sla (63955 hylo SYS s o5 050
Dgd (o0 el (2) 55 ol BB 2 5 (¥) 655 oIl L 09 S

x=Ax+Bw+ B,u
S Pl
y G, D,, D,,

5 (¥) wiwd 5 Soslal B gy 5l SolaS a5 WS o asuive o )5 4 known g sensors sl slols 5

s Sl aesS 5 Y Sl 9 U slesg)g slest Kug, (u) ails Solas e jlade Laog,g 5l Sealas
S eslit

x =Ax+Bu +L(y —-C, x— D,,u)

Hop
X
598 G 3l sl p3SlSLl acker L kal man place olygws L (L) Koo, 0,00 >k a5 cal S5 LLS
il iy (ol i SleSialas 51 S, SleSals a5 Conl 03 (e S el jslate 4
i yo g jgiws
ars o &l Kigy 00 g Sl Shud il o Ll [eYeS ) S c¥olas T € g

rexam ygiws —V+-Y
sl g il S X a5 2> po X Al 1o °
Y=exam( X) oS
1,10 3925 odes gy 90 Cawl s yilo S X a5 K e aculxe 4o Wlusg @
2 3 K
eX =] +X +X_ +X_ +... +X_+...
2! 3 K!
sl ol 3l ke g X g5 (elts o Jlael pgo 2,
D=P"XP ~ X =PDP™" — e* =pPe”P""

» [V, D =eig(Xx;
» exp_x=V*di ag(exp(diag(D)))/V,

| aX B - X N . B woal s . . ..
o|) )|e Ml}u} P (Y9 .d}.wksnobhb.m‘e Ml}u@ 6‘;1 P M9 )| ML: sl ‘5)‘)11 o9 ).JQLMX 47L)L»..‘>

el Pade o &
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o po Sl ygiws
Pade o ,& g, 3 e* e expml
35k S B3, € als €XPITR
oy oo p g polie ig, 5l €™ alxe ©XPNB
A5 oo dala ) A e 0, 1 Oogm
X*¥X=A a5 050 o sty iz ) X G ile X=sqrim(A) ewssqrtm
e oo Jlesl |y alizee ailgs cus lo p,8 f UNM

:Gam  jeiws -1)-Y
(Srdy Cagy g 6 rdy S sleslel 5 ail i dun 0

oS e

We=gram(sys,’'c’)
Wo=gram(sys,’'0’)

HUAE W PYRER
JAS owpp 0 kel 5 cpl 51 oS (e a1y s 528y Cag,y 9 s pdy J5S sleibal S gram s
298 (oo oolitul leas 4 pe 285 )3 1 g el S 2% Cugy 5 SRS
WSl ) Dye0 A s lad SYolee S
)-c =Ax + Bu
y=Cx+Du
gl (o8 S ) S)ge & S pdy Sugy 9 Sl S5 sleksl S

W, =[e" BB " dr
0
W, =[e'"C".Ce'dr

1Cld el lo ) dnd lpeoinew 5l g
W =3 4'BB" (A7)
k=0

w, =Y 4" c"ca*

Do Cado 3d S pdy Sagy Oleal Sl &y J5uS (AB) S1Ls o 51 conl (e Cotie g 08y 58 Slsl 5
Lol Jlosl BB 55 (o ainnS (Slotinns 43 GF @M j5iss 030 23y Zug) (CA) ST 5 )51 el
12,8 drlre Ol (o0 25 Sebld aolae > 1) 6 p0dy S5 el S
Cvgny Slooinws o0 AW, +W, A" +BB" =0
@S Slooiapns ;50 AW, AT =W, +BBT =0
el Golo 5 Sebld o¥olas )3 58 sy oy Ol S
Cvgey Slooiins 00 AW, + W, A+CTC=0
@S Lot o AW, A=W, +C'C=0

3,5 ooliiul lileal 57 Ao sl Olgs oo s dl yap s yap &lpgiws 5l cnlnle

19



www.MatlabKar.com o b (g5l aned - oo 3j9el - IS e ol

A0l b b A el s lidgae o
il o Ol jgws @
Sy J5S e fle aule €t rb
Srdy Cugy oSl amulxe 0bsV
b sl 3 5l oslitul b oady Jolaie 3825 arul>s hal 1 eal
Olej dnnS g awgy skl o Sgibl] aolee J> 4 yap, dlyap

tinitial jews -\Y-Y
(o (39,9 Eeoly) adgl Ll o 4y it oy dline 1 S0
g e
initial (sys, x0)
initial(sys,x0,t)
initial (sysl,sys2,...,sysN, x0)
initial (sysl,sys2,...,sysN, x0,t)

initial (sysl,’'PlotStylel ,...,sysN,’ PlotStyleN , xO0)
[y,x,t]=initial(sys, x0)

oo ddgl bl bty o, Loi NI ti Al jeiws gl>l o)lee ple o[y, t, x]=initial (sys, xo0)
| a‘;a.b
X0 adgl byl i 4 1) (Gl Il sLad 038 4 ] SYolae 4) SYS i gl BNt Al (SYS, X0) j5iws
Sledlls 1,38 el o 1, Loewly o,Slos a5 05 oo (ptd L Bosm job a4 (gile and slpdone ioles
REN)
Gl oollae Jbej o3l ) jo a5 Sglas (pl b el JuB cdl> wileiniti al (sys, X0, t) jgws 4
th oS Jasin |y g5l aned ol abaod T oSl b olgi oo ol o0l astie 50 i sl ailons
Dged el il Do a )
t=0:dt:tfinal
Jtw: t=0:0. 1: 10;
LgLe(o.MM - Cewl 00 LR yS G}L“ Al LQLQAK (Tgpa U o) L;)'L.u E) @Lo) o)‘Lg P 0931& S| N
S, b ogd sl S8 jassl wbdt wga Slpoimm ;0 all Kalen (5,10, diges Hlojy b b dt ¢ anS
205 Lasin a9 4 1,08 I

29y o0 ) @ ) Slysiws cadsl byl il S a4 LT s iz slosenly Hlojor sy 61y
initial (sysl,sys2,...,sysN, x0)
initial (sysl,sys2,...,sysN, x0,t)

:Q|)9£;.J.>L5‘),">l
[y,t,x]=initial (sys, x0)
[y,t,x]=initial (sys,x0,t)

P se (X) g S (Gla e ol 5 () S5l aed Sledle) Hlo 0 (Y) Al (29,5 o le Sdgb 4 e
slasi g (t olal) (g5le ancd lple; olaws a4y L le lojlan dlowi 09l sod ey Soue g Syl o
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s Sl Slaws @ g Saw I ength(t) olows @ 56 X e Slo .ol ginw Slasg,5 olows 4 ] slesgiw

Dyl gt

S o0 59 ) R ) plter Sl Vol i Jle o
%, _{—0.5572 —0.7814}{%}
., | Lo7si4 0 |
X
y=[1.9691 6.4493]
X2

1
il Jpaz LB 5 dabp awgs x, = {0} adgl Ll b s Geuly

A = [-0.5572 -0.7814;0.7814 0];
C = [1.9691 6.4493];

x0 =[1; 0.5];

t1=0:0. 1: 10;

t2=0:1:10;

sys = ss(A[]1,C[]);

subpl ot (2,2,1);initial(sys,x0);

subplot(2,2,2);initial(sys,x0,tl);
subpl ot (2,2,3);initial(sys,x0,6.5);
subplot(2,2,4);initial(sys,x0,t2);

thud o Olygiws  ®

s 1 fioly s i MTPUL SE

olgZds (699,54 piuns Grly oy d ST M
i 4y sl oo, ST EP

:kal man  jgxws —\Y-Y
Oloj anS 5 dgy Slostnn lp Gl GLE) s, (S i Bas e

oS e
[ kest, |, p] =kal man(sys, @, Rn, Nn)
[kest, |, p, mz] =kal man(sys, @, Rn, Nn)
[ kest, |, p] =kal man(sys, @, Rn, Nn, Sensor s, Known)

21



www.MatlabKar.com o b (g5l aned - oo 3j9el - IS e ol

oy
Ly ool s,y «s S o3l 5295 5 piens 298 WlLISS 55 9 e Sl glad Jow b o L kal man g
WS (o P

g g0 a18)S L350 5 e Yol b s

x =Ax + Bu + Gw
y, =Cx +Du+Hw+v

Ol 30 aSU 5 ere 63955 W g Vi)l g aited anld g 605 oll sbw slapg iy
E(w)=E(W)=0
Eww')=0,EmW")=R, E(mw")=N

20,5 S JBaile cll las (il )lsS aSila cunl piagw leadls 5l X uass 8L Bas
P =lim({x —x}{x—-x}")
00
DBl o ) Dygo a4 o SYolae aS el oS LS A mub

x =Ax+Bu +L(y, —Cx— Du)

C|* |D
= x+ u
HaH
SyBis Jolo sz SIS, Aolas S o 515 009 ild oy Ll 0 45
Ao oo dzms (kest) 5 sls el glad Jue [ kest, |, p] =kal man(sys, Qn, Rn, Nn) jgiws

>N >

=

2l 45 el s Joe 5 5YS 5l oad ateie N g R QL YL Ly, ;5 a5 aiies 3185 il lsS N0 s R1Qn
D9 3)ly p5 Syge &
A,[B G],C,[D H]

A A

(kest) Ky, alolre y ogdle j5iws (pl .ol o0 {y; X} Slezg > 5 [wy] slosg)s @l (kest) Jol> S,
a2 o a5l PoBale slas il )lsS e yile i g L K00, 00 jlade ¢
HESUIRTRYE PR
SR
0=GQG"
R=R+HN+N"H" + HOH"
N =G(QH" +N)

wiiS Lol 5 balp Wb g g s
(detectable) sl pds sl (CLA) )

O-NR N 20 §R>0 ¥

ALEL LB agnge j3me 55y sl JyoS <> s (A-NR C,0-NR N') ¥
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ol o Ol jgws @
Lwg § 2 S0, ol J>care

LQ cllb> Souw ,e¥65, S (b ar

:Lyap jgimws —1F-Y
obey — diwge BibL dolee J> :bud .
3L S

X=lyap(A, Q
X=lyap(A B, O

WS oo Jo 1)y Bgbld doles X=Lyap( A, Q) jgiws iOlxudyy ®
AX+XA'+Q=0
Db ol Q ST el )lite X s pile akied s po slmsle Q 5 A ] 0 a8
A5 oo Jo | a8l pesy Bl doles X=lyap( A, B, Q) jsiwe
AX+XB+C=0
| )L?)Lu LQ)T »)Lu‘ LSIB Al =P "Los}l C 9 B 9A QT B as
HESUPRTRT PR
QJ.C')J~ s Gwl.l 4...»..;9.4 dj;lau aoles oli;] ‘MLI B o).vj ).IOLQA Bn 9 e ‘Bz ‘Bl 9A DJ"S )JQLM Oy g . Ol ¢« O ;‘
il 4l (1) olgzdo g3 2 sl ST ol
a +p,#0
S (oo oz play wdgi lyap jsiws wils 155 Lulyo ol assilis
Sol ution does not exits or is not uni ge

ol o Oljgws @
A5 oo o 1) S Ggbld dolee dl yap jgiws

nul | gimws —V0-Y
ol o 5 lad e 10
B=nul | (A) oy e
QIS o WA e ple g5 slad gl S delaie b G B=NUL T (A) Hgiws ilxwdgd

a3 ol A g5 lad sl B slggin slass g BTB =1 a8 Cuul bl
» AS[1 2 3;1 2 3;1 2 3]

A =
1 2 3
1 2 3
1 2 3
» nul |l (A)
ans =
" Nullity
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-0.1690 - 0. 9487
0. 8452 0
-0.5071 0. 3162

» null (A'r")

ans =
-2 -3
1 0
0 1
:0bSV jgiws —VF-Y
oS e
Gb=0bsv(A, C

b=0bsv(sys)
oA ST el 1) Cll> glad Gioled b sl SO 503 Sag) o le ODSV jgiws iolxased 0

o J&‘P EE v ‘) ) 6,:&; ws) w).:Lo ObSV(A,C) )Bl.wé u.\.wb p*nw).)Lo sSJ C 9 n*n uw)JLo
ob=lc ca car - cam]

arlgs dwlre |y a6 0y Cagy i ple 55 ODSV(SYS) [eiwd ¢ abl piww S el (slad Joe sys S
oS

ol Jolro ) yeiwo b jgtws oy
Gb=0bsv(sys. a, sys. b)

il (B95he ) it Lo

x =Ax + Bu
y=Cx+ Du

tol e as

» AE[1 1;4 -2];

» B=eye(2);

» C=[1 0];

» D=0;

» rank(obsv(A Q)

ans =
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s po SlBygiws ¢
WS ool w5l ) s AU Sy 9 pd Cug, skl ObsVE

:0bsvf jeiws -\V-Y
s 2y Sug)y 9 il Cugy Sl 35l iSus e
LI

[ Abar, Bbar, Cbar, T, k] =obsvf (A, B, C
[ Abar, Bbar, Cbar, T, k] =obsvf (A B, C, tol)
).c:Amx+Bu

y=C,,x+Du
KLY ) ‘».\:> o~ )l ‘) M )JAJL)WB) 9 )J».\JWB) 6LQ,.]L’> 9 Sl unitary aS b)b S¢>9

A=TAT",B=TB,C=CT"
055 o B A e o Yl 55T 3 s iy, sl s el Jlecl

i {A A‘Z}E - {B },E b c]
0 4, B

o

sl Any oy polie g el LS pdscag, [ Abar, Bbar, Char, k] =obsvf (A, B, C) zs; «uiy cnl @

A i L g
o axeS "UE aS sg 4, C g By A sl w5l [ Abar, Bbar, Cbar, T, k] =obsvf (A, B, O 5w

pleil Guili ol e ObSVE (A, B, C tol) jguws Lol walgs lis 1) Ay sledl> olass sun(K) axs o

)5 e g 1) pdil Cag) g pdy Cug; laldd e g Slewlre

ol o Ol jgws @
Gl Cag,y owyle dnulxe : ObsV

:pl ace jgiuws -VA-Y

GOB)SA.&&LQWL;‘JJM;;[J[}@‘)E HE-KV.) L4
S .

K=pl ace(A, B, P)
[ K, prec, message] =pl ace( A, B, P)

A CIC I
el (Bghe 15 (5995 SO L) (8999 iz pliacs

x=Ax + Bu
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K=pl ace(A, B, P) ,yiws . ail atus ail> qiasw sl wollan sloekid Jore (ol P lo, a5 355 o (b)8
i sledoe po 1) diy dll> g Gloedad U=KX g8 a5 WS o (b Lz ) Kl Shad e Sile
siplace jsws Caws 50 jasio K jle (509,9 diz Glpeinnn ;0 a5 Cuwl maly ans I3 P jloy o onls
Tams e 20l By A s clalazél iy o ], diey dils g Cowlas a5 WS e ssliiul glgey 55!

aS ams oo lis a5 Wils I o p 1y Prec (K yosd noogdle [ K, prec, message] =pl ace( A, B, P) g
)QLZ,,_'éo aS' 1y olehad olaws Prec .osive SGo5 Py oads o lodoe 4 ojlusl ax b acg ddls e (slogoad
HNAK )‘Wwwwsw)lé;;\aj)budbosauu las s I8P o o0l Cyend (Slodoo
Sgdus yolo message ;o Jlais pliy S il j90 wallas sledoxe

1,5 dlne p Ojgo ) Koy, 000 ol Ol (o place jgws 3l eslaiul b
L=pl ace(A ,C ,P)’

i po Ol ygwe @
5995 <SS (Slpitaccs g1y 0,81 g, 5l salal b dad LL> acker

58 yguiawo —14-Y
el slad a LTI Jow G Joos b > slad Joo iy i i dod @
3L I

sys=ss(A B, C D);

sys=ss(d);

sys=ss(A B, C D Itisys);

sys=ss(A B, C D, propertyl ,valuel, ., propertyN,h val ueN);
Sys_ss=ss(sys)

sys_ss=ss(sys, mnimal’)

mokd —jho Joo b b @b Joe o b b Sl glad 08 4 et Glaled 61288 gy iOlemdg
D9y 0 )8 @ 2 slad Jow 40 e
WS o ddgi ) g lo) e glp Cdl> glad Jow SYS=SS(A, B, C, D) giwo
).c=Ax+Bu
y=Cx+Du
29 0)ls (] sl 4 x5 5) Hio JISul & )jp0 4 ] Hlade CudlS il D=0 S

b e Jolre g ams o Giales 1y d ol 6,00 (o ilo b piacews SYS=SS(d) jgims
sys=ss([].[].[].d);
adgs Itisys o ol astive She 4 axe b > glad Juw S sys=ss(A, B, C D, I tisys) ;s

WSl 5 g 5o eal SO0 lge 5l (S il o Sy nl WS (o0

Sy el ‘ SRy S ‘ Sy &S

\
Azer A-BK o5y polie Olos anes il o glgad

. . - Y
Y| AMJLb‘JJJ 8]‘)‘LWJJQ~U".
Kautsky,J. and N.K.Nichols, "Robust Pole Assignment in Linear State Feedback", Int.J.Control, 41 (1985) , pp.1129-1155
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cdio b g3le ands - e (390l - 15 e ol

ToDelayMatrix =9, 6595 6“”)::51" ol
InputDelay 395 3 U Sy
InputGroup 6395 LS 65,5 Cell array
InputName 6595 SLJUS ol Cell vector of string

Notes Jse e sl Leslool, Text
OutputDelay T s Pb oy

OutputGroup 9> SlUS 05,5 Cell array

OutputName =55 s Lol Cell vector of strings
T, Sl pdiges e A8
UserData Slal wledb| olgzdo

58 (o0 0300 dg latl 4 Syl 5l o 2
o 8 A allS -l Glpetnn Sl slad Jow @ px glp (Al e p) T gloy diged loy )
ool polaal ()l 2 iges Loy b S Gloj s Bpre Timol g diwgy —ploj s Ti=0 35,
[ el lad sldow jo 50 9,5 o)ly &l loDelayMatrix ¢ OutputDelay . InputDelay S5 .V
(36 Og) Sl jao iaSg (nl (28 G plie 5 05 (o0 Sl
A2 o )5l g5 g Ladg e SO ST (6,130 ISl OutputName ¢ InputName sl 559 ¥
A o g debpy 4 ) pieew Sl s> 9 Wudgye (s 05,5 5! OutputGroups InputGroup  .f
21y 6399 Vg control 0,5 101, (695,0 ¥ Wlgi o g aslin 16399 O s o 5o Jlie lsie
225 | 8 noise og,5
Notes .ail oals 48,5 Jlai 10 uogi dob y Jawgy 8LSI o lge 25 (gly 50 User data ¢ Notes bS5y 0
Qilg oo g 4ol User data s 10 .ol plvmw 0,50 Slxoogs ngb}jw g 009 text S lgas
WSy |y 095 a5 0400 slo 0ols
b asleS gatiine LS cnl 4 (B0l jlade 0920 0l 53 Sledeallgius Gl Gl o &S plle 5o
o> glad o sys_sS Juw a1, Zpk ot f &ljgiws lawgs ool adgi Sys Jow SYS_SS=SS(SYS) g
gl oo adS Sl slad ghow Slles pl 4 0S8 oo o
Ol o a5 aas o dly) Gl | sys g | cll> glad sass S, sys_ss=ss(sys, ' mnimal’) g
L g5 5 S b il Cag, o e

w‘ JOLM )") )9.3'...00 LJ )9.':..“& UJ‘
sys_ss=mi neral (ss(sys))

i o0 o 1) ) e 23U (g S STl63959 SO e ) Jlie

BrIer gy 1
-03s
- N ot temprature
delay plant

PSS oo Byre Sl glad ol plant 5 ol g
» sys=tf(1,[1 1]);
» SYS_SS=sS(SYyS);

D9 oo plodil set jgiws b G100 20 Hlade | Input Delay  S5:9 « plantay >0 0938] 5l
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» set(sys_ss, ' InputDelay’,0.3);

faer o O Al 5 sges ol 4 closl G (0938l 55 5 e (2955 5 69959 5Kl (sl
»set (sys_ss, ' I nput Nane’ ,’ energy’, Qut putnane’,’ tenprature’,’ Notes',’ A
Sanpl e Heater Mde’)

4l Y gt a0l Al Gl ey g el o 13U i gl Il slad Jow &8lg ;0 SYS_SS s onl @
2,5 aaly> aseie Fwl lal joly 008 lej
Sy90 get Hoiws 398 o5 pitacw oud ala ST 5l (S e e | alesy Lwgs dsly alaxd e s sl

P8 oy e Glgie 40,5 (o 1,8 colal
» get(sys_ss, ' I nputDelay’)
ans=
0. 3000
el Al 15 5 Djge 4 (o s
» sys_ss. | nput Del ay

ans=
0. 3000
0¥ Jle
&Kl 5 |y s Sl g > 9 Ll SYSEM i jo pivoew Sl (slad Juw okl 3 ogdle 5 anliy
S e
A=[0 1;-1 -2];
B=[1,;1];
C[1 0;0 2];
D=0;

systenrss(A, B, C D, ' statenane',{  position'" "velocity'}, ...
"Qut putnane',{'outl ;'out2'});

:ssdat a ygiws —Y+-Y

s Joo 55, 5l 2l sLaE Dy Co Bie A Glpale 4y (g iwd 1 Bua @

awgn by leiwaw [A B, C D] = ssdata (SYS) LS.
wwnS oy Sloimnw [ A, B, C, D, Ts] =ssdat a( SYS)

: Olrd gl .
0350 houws el slas Jow a1y T ol jews ol e il 6,00l yaol dad b hows @b o8 4 gl Jow axili>

lad o gy gws ¢
b glad Jow <25 0SS

1SS2SS ygumwo —-Y)-Y
(teles o Jlesh) o slias zoles o 'l slojgme Jyous idan @

! State Coordinates
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SYST=ss2ss(SYS, T) o) e

il Poyhe il slad alei b SYS pivn iolxpsdgi
).c=Ax+Bu
y=Cx+Du

x =TAT " x+TBu
y=CT ' x+Du

oo dlma |, SYST Jolas st T o5 L5 5 SYS i il o L SYST= 55255 (SYS.T) i
Q3L pd Gels WL T e ple . &S

i yo gy g5ws
> slas o JISS4lS 38 : Ccanon

:SS2t f jguwo -YY-Y
Jawd 2l 4 s Sl (glad Jow bas :Ban @
[ Num Den] =ss2tf (A, B, C D,iu) o) e

s bS5 1 lndg @

).c:Ax+Bu

y=Cx+Du

Hs) =) _ o1 -4y B4D
Den(s)

s bl NUM g 5le (gl 0o el § o5 ledls o o5 @b 50 gl (g5l Den s
Ll HBlie (29,5 hod @l Ojge 4 jlaw 2 g el s Sl >

ihod yo g ygiws ©
o glad Jos 4 s s ol Lo st 258
s (59 stelid oS plil : SS28S

tf2ss jguws —YYV-Y

s 0 2l (g9, 5l el glad Jow Q.))j—l Cowds 1 AU ®

[A B, C D =tf2ss(Num Den) o) e

Wlrdg ©

S oo oo py A lad Joo )90 4] et oS &6
;c=Ax+Bu
y=Cx+Du

S5l o S SIS 0w o (sl s
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ode.m 8 -Y-\ & Jsub
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///’V 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 S

B g sl EXPS_3.m adl, Lol bbb .aisd 0,53 asli ;) S o whode.m s EXPS 3.m LG g0
ot cdls SYolae da gl )b &gl (20 ,lade 5l e 0dem LB s ogi e Sle3ls T yg,e 5l ode.m
0 &l Dl o5 le Ao 5 Wisd (o > (10) 5 Jsb L) 65 4 68 & 50 s For dal> G 50 p
onl 00,5 oy Ll 40 o ooliw 3 EXPS 3.m Ll 4 g 0.5 0 8 teta e 10 4% 50 cons ol
el 0033,5 oy B0 S8 15 a5 ol 418 5 aloul 0 61y Dglice Byl 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-7 Jls o
8l s 098 gl pis 5 438,515 [-0.9+1.9i -0.9-1.9i -1.8+0.6i -1.8-.6i] 5 aiey ail>

il 3 Oygo >l pl o eolaiul 5,90

e N

% ---- PARANVETERS 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

' 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 closed-|1oop system

K r=inv(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;

Xl kyexls e DA koY SR LK)
end

Yoo PLOTTING STATES ~nec
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');
subplot(2,2,4);plot(t,x(4,:));

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

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

(4alal) ¥\ G S

bl oo <l JolS 53y J S go0g 0. 1255 o Jaubl Cdad SO
openl oop_ei genval ues =

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

controlability_rank =

4
Sl oads b cdl Soaus acker  jgiws l eolaiwl L STATE FEEDBACK DESIGN sy o

)‘ ool la rg..............: cdls SYoles u.uDD 9o, 0 o] d..ﬁ; u)ﬁ..o ‘Svl.a.)) 9 uwy;) uou 9o 40 LQJ)L...JCLH.MJ
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-5 Jlao) J1,551 S8 b el Soagd —F-F

8,5 18wy 0yee Al Sleadg g sl g (Lo, Helate 4y IS S 0938l Beou V-F-F iy jo

(35 JLie) JI,850 J i3S b clla Sausd ¥\ b JSib
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for k=2:ct

u(k)=[-KL -K2] *x(:,k-1);
X0 khex(: k1) DI0A bayrsx(: k-
1) +B bar *u(k) +[ zeros(rA 1) ; 1] *yd+[ w; 0] ) ;

end

Yo PLONTING STATES =i
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 OUTPUT Sl GNAL ~~~~~
figure;plot(t,x(1,:));
title(' Tracking with D sturbance, Qutput Signal');

(dolal) —¥- 4 Jsut
i SaS s s S50 6 py S5 5 00l Byae B g A (glons le FO-F-F Al 5l ooliiul bl

9 K]_ ‘_gl{,waj.:Lo il oslaw! Sl ASJM u.>‘).lo ‘5‘).3 acker )G )‘ By ol od..{.))f R ctrb
ilosds gjlula FY-F-5 i, 5.bK;

(Vo-F Jlo) proiamnma (Spolivd HUS ) p Cdlo SGad ponti’ i1 -F-Y
TE T SN P L SR KO SN - SONP TIPSR L O CE P P SWINRISNONLA | S WRWE: IPL SR WAL i R Y CORR
039 Jo (nl 4y bogrye o5 Asliyy aspo )18 3l Comi | s (Sealips J18) ()1 5 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);

U 4

(Ve Jia) e sSaabins J8 ) 53 Slla Saasd ki 310V Jsid

39



www.MatlabKar.com o b g3l aneds - it 3y90] - 15 clie cula

(40lal) ~0- (& s

S5 5l oolial asliy ol ol &5 Lol el o onliul 5 (gl dele gl NULT jgis |
3,90 yelaie yad (gl ST M jgiws .l ouls oolatwl “ Simulink U gjluacs « Matlab o olawl=l”
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Lo opl o cal (Sl ladnpn giluand ¢l 315 Lxe S Simulink ils oo a5 ghailes
Cowl ol aid 3 Lo o g L SILSH ISl 6 g0 (o b ioles b glad oled @ pdas gousie sleSsl
oyl (5305 15 Sk o) 1 5o o S gn (53t ) 95 s 52050 & i] Ll b o a5
ez s Sl slai il Sob Jlie ol 4 55 oo |, Ll b silatn 5,5 51 S 2k oS
ol & (B3 ke gy Ko Wish go (B3 ke b bwsi & il D g C BiA (gl 5o 90 4 sl
Ol g 00ls s (5, lade Matlab lae (o o jle SO 4 asslis ol Matlab lae (9,0 5 el )b
eyl o 50,8 3)ls e 10 aS Bl Lais gy valss Sle3,8 LB Simulink Lo [0 Sols 2 30 o sile
b sinm('exp6l0',[0 8]) ,5ws oS ik plogs by 4 eS| gl ally o yle el
My ol st Sley 85L 5 S o Sls31,8 Ll 6l |, el Simulink lae o J6 S a5 exp610. ndl
Lol odal £-Y o JSi ,0 exp610. mdl - Ll sas o )8 ast

nit)

1
K - s states
=

@—b bime g irvisgrartor To Workepars

Clodk

To Workspaca? }l
A

K 14

K
exp610. mdl Jald-#-\ 4o Jsud

& Wb a5 "wes Gain Matrix o 4 el 5 slls K g B LA bl b onds aseie bS5l S o
si (' exp610', [0 ,gwo slyxl 5l LS K g B A lows jle 040 aivng Ll o K 9B A slgsl cus 5
©ol> state e Simulink lase o LU pl gzl 5l e wlosds iy e 0-) o S deby 40 8])
ogdlay 09 o oils,5 5L Matlab e o el bl slile) (o> oS IME yitin 3 g e Sl
integrator S'sly o initial condition el )L, €Xp610. mdl Ll o piwcew bl @ adgl lade yols ol
S0 b AV 6 9 0V o ldSs (o o e LB g0 a5 cul ol azgr LB AT cnl oad a8 )8 i o

Aigds 0> dsll )

0=V Jlo) <l K g) (2 5b -0-Y
2dlo Vo Jlio 4 bogaye 05 Aol 28,5 13 (w9590 VY i 50 JulS A5 e K3, (b by

9dise (20 25 Dy & e Sl slad Gl )

X =Ax+ Bu
y=Cx+Du
IS SIS Jlgo s j00 Sl (3, daZally 50,5 0l iy 4 0gys sl Y
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cle
clear all

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

nE. 1; % Kg - mass of pendul um

MEL; % Kg - nass of cart

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

g=9. 81; % ni sec”2

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

ml_bar=ntL/ (m:M ;
n2_bar=n¥L/ (| +ntL"2);
nb=nml_bar *n®2_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- nmb)

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 CHECKING - - - -
observability rank=rank(obsv(A C)

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

% - Fl NDI NG OBSERVER GAI N USI NG Ackernmann's Fornula --
L ext =zacker(A ,C ,P);
L=L ext'; %"L" is the Cbserver @Gin

% - OBSERVER S| MULATI ON using "SI MIJLI 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 ums.

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

subplot(2,2,1);plot(tine,states(:,1), ' b:', tine,states(:,5
), b-")ititle( X 1');

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

| egend(' Real State',' Estinmated 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:', tine,states(:
)}, b= )titlel' X 4 3.

(1= Jle) S35, (2l dols o V-1 o Jsud
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.oa)fsn S e (S pdCad, o sle &gy rank(obsv(A Q) ,guws jl eolaiwl b laml asbiy cpl jo
JSo) observer. mdl - LB o Ly sloans .cosl oals eolatul acker giws 3l 56 X035, 640 2k sl

] 00 @‘5}‘)3 BE3) )9:2....4\) .'awja as 4..3)); ral:’u‘ (A—\uo
[tine, states, out put]=sin(' observer',[0 2])
time , states.output lpws sl o500 4 Simulink s ,o observer.ndl LG sl s

o 9 kil Ol e plot jgiws l eolaiwl b el jo g 058 e oails 550 Matlab lose 4
255 ey Ol oo 1) s

7 ik
J it} w K 1| =it "
8
g [y

V=V Jlio (s jlawdands g1y Observer. mdl dels yuo —A-\ & U<

(V- Jlo) 433l blS 5o Sz, 5T
Slr 6505, UlFse 655 e oS pduca; e &5 (il j0 a5 al ool (L Y-V s o

Egoge ot (owyp lp V-V Jlo 4 by pj &bp oS b pacw pdica), skl oluls
ik oo

% Exanpl e 7-2, Reduced- Order Ooserver \

clc
clear all

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

ne 1 % Kg - nmass of pendul um

MEL; % Kg - nmss of cart

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

g=9. 81; % nl sec”2

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

4

(TV JBe) L Ghals a3 yo i), 4 o2 J<b
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W real sate
To Workspaca?

xt)

£} K 1
8
Siep B Integra for [+ [j > fime
K
A

Clock
it} To Workspace2

K i
T
Fi| K A
s 1 =8 ! . "0 P estim_site
R Hnbg:abr‘\‘ To Workspace
K M K
0 Fz

-\ 4o JSidi dols o yu ouldiuul uy 90 reduced_observer. mdl Juld -\ -\ 4o Y

(F-¥ Jlo) 5003, b Il SQuad J s -V-¥
oS J).HS Qé)ﬁi Cwdo 9 3..\.;9‘ Q.B"JJJ 59.‘79 f-v u.....‘?u 3o ‘).iugj 9 o> uS.:..\.J :Llfl» ‘5‘>‘J.|a )l o
oo Y-V JUo )3 9290 (nl (s 0 By 25 &abp 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 0 -g;a2l1 a22 1 0;a31 a3l a33 0;0 1 0 0];
B=[ bl; b2; b3; 0] ;
Cs[1 00 0];

% --- CONTROLLABILITY & OBSERVABI LI TY CHECKI NG ----
controllability rank=rank(ctrb(A B))
observability rank=rank(obsv(A Q)

(7= Jlie) a5 b s S 58 1)) 03 g
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% - SELECTI NG POLES OF CLOSED- LOOP SYSTEM AND OBSERVER - -
Pe=[-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 GAI N -----
K=acker (A, B, Pc) ;
L=(acker (A ,C ,Po))';

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

% --- DRAW NG GRAPHS - - - -

plot(tinel, cont control,'b:', tine2, obsv 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(tinmel,cont states(:,Kk), b:', 6 tine2, obsv_cont states(
= k) 1 b ) )

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 & Jsui

M ) O ygo 4y Lilazd S 18 colaiwl 090 dsliyp cpl ;0 45" obsv_cont. mdl , cont. ndl LLL

—— cont_sisies

w(h » K 1 [xt) To Workspace
To Workspace{ g Hnb;'abr
ocott_corntrof " K gl
A

@—b fimet X

To Workspaca?

cont. mdl Jsl6-\Y-V 4o Jsudi
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Moty cont states

xlt}

By f) P

G To Workspaoe
B
To Workspace?
K )
obsw_cont_control . 3
- 1 r{” é

L
C'—j—)ﬁmaz A "

Clock To WorkspaceZ L & 4.@_. 1| Ay oK | ¥iy
8

.
g

-
obsv_cont. ndl Ll -\Y¥-\ 5 s

Gl oals aid )8 Jlas s [0.2,0.1,-0.5,0.5] & 50 4 598 L 9o, o integrator Sl &gl Lyl i
Sl 0als a8 5 la5 o e Obsv_cont. mdl LB o integrator] Sely gl adsl byl oyl

(F-¥ Jlo) a8l gdls ad po )49, b cdl> Shuud J pus -A-Y
Ve 4y bgryo 45 5 by 00,5 0ol st gl lulid gl JolS S35, 5y 5l b Jlie 5o
S oo oy a8l el A e K05, L adl Shad S (SeSs el ¥

ﬁfxanrpl e 7-4: State Feedback + Reduced- Order Cbserver \

cle
clear all

%~ DEFI NI TI| ON OF PARAMETERS OF Longitudinal notion ~~~

07 0.012 0 -9.81;-0.128 -0.54 1 0;0.064 0.96 -0.99
0;0 0 1 0];

B=[0;-0.036;-12.61; 0] ;

C[1000;010 0];

% Sel ecting state 'x(t)' & 'teta(t)’' as neasured outputs,

% O her states should be estinated!

A0 0
o
i

% - SELECTI NG OBSERVER POLES -------
PEf10 0:0 “10]:

\ 4

(F-V L) 4Ly (RAIS 43 po S35 b Sila Saasd 3358 -1 ¥-) o s
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STATE FEEDBAK + REDUCED ORDER STATE ESTIMATOR

To

e b (g3l ands — e (hjgel - 15 e ol

STATE FEEDBACK ONLY
Works paced

F

To Workspaced

real_siate ‘

‘ raai_cont |‘7

o Workspaoa !

¥t}

VF-) o IS dols yu o suldicul uy g0 Teduced_obsv

esiim_siate
To Workspace

time

To Workspace?

_cont. mdl Jal§-Vo-\ 4o Jsui

0-A Jbo) Cdlo SOuud O jguo 4 das ussS J s o1k -1-Y

Oyl )3 85 Djge A sle oS S8 (L g age S Son p a0 e Jad o
05 0 plol 30 4z o Shas (aSlh 5y (ojle diaS gl b o b Sy (VA Jlie) L ol Jlie

dlioe ol 4 bgie 5 Al

ﬁExanpl e 8-1: Ontinal State Feedback

control 1=control ;ti nel=ti ne;

G

clc
% -- SYSTEM DEFI NI TI ON - - -
A=[0 1;0 0];
B=[0; 1] ;
Y%======== FI RST SELECTION FOR 'Rl' & 'R2' =========
% SELECTION OF "R1" & "R2" ACCORDI NG TO COST FUNCTI ON -
Ri=[1 0;0 O];
R2=1;
K=gain cal (A B, RL, R2);
% -- S| MULATI ON - - -
sim'optinmal ' ,[0 B]);statel=states;

~

4

(1A Jlie) cslla S dngs J s -
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e SEUYRE) SELECTION B 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;

Ye====c=== THI RD SELECT|I ON FOR 'R1T & ' R2' ==c==zccc
% 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('optinal',[0 5]); state3=states;
control 3=control ;ti me3=tine;

0 - - [EORTH SEIECTICN FOR ' RIY & "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;

Ypssz===c= FIFTH SELECTICN FOR 'Rl & ' RO senceccas

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

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

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

Yetn####H#H## RESULTS PLOITI NG ###AR#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(timel, controlld,'b:',tine2,control2,’b-
',time3,control 3,'b--');

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

figure;plot(tinme2, control2,'b:',tinme4,control4,’ b-
‘,tine5,control 5,' b--');

(aalal)-\F-) oo Js

50



www.MatlabKar.com

e b (g3l ands — e (hjgel - 15 e ol

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-4 Jsid

U5 o ol by a5 (b ol el a8 sbol Gain calm sl 5 cdls Spagd by b
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Lol oo ool aresol v jgiws l diwgn SIS, doles J> gl aiS oo asla K ls

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

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

[ P1, P2, LAMP, PERR, VEELLPOSED, P] = aresol v(A QR 'schur');
Kzinv(R2)*B *P; Yst at e feedback

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

~

4

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

(Y-A Jlwo) Ol uits Gl 9 douy

% 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" & "P' ACCORDI NG TO COST
FUNCTI ON - - -
R1=[ 1000 0;0 O] ;
R2=20;
Pi=[1 0.0 1]:

& "Ro"

% - - 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 means P(t=2))

(YA Jlio) & yaads Glus —VA-Y (4 JSiad
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