Ben Chen

EE 509, Homework #1

1. Examine the stability of the equilibrium states of the following
differential equations:

1. x = (sint)x
2. x = (3tsint - t)x
3.

x =
Yt >

>

a(t) where a(t) is a continuous function with a(t) < 0
t 0.
0

2.  Find the equilibrium states of the scalar differential equation
X = =(x =~ Ij& = 2
and examine their stability properties using
1.  Linearization

2.  An appropriate Lyapunov function

3. 1. Let
1 s - 1‘
G,(s) = » L) = ——
1 s + 1 (s + 1)2

find a bound on ¢ > O for the transfer function:

Gg(s) = Gl(s) + €L(s)

to be PR, SPR.

2. Repeat 1 when

| _ +5 1
G0 = s F Ty L = 5T

scomment on your results.

(i.e., Find om &* > 0 such that for all ¢ ¢[0,e*]) G, (s) is
PR, SPR)



Consider the following system:

T

é=Ae+b¢sint,e = h'e

1

¢ = -¢,sint

L e e R" and W_(s) = bTGI - A) b is SPR. Use
Lemma 1.3.3 to define an appropriate Lyapunov function and use H
study the stability of the system. (i.e., of the -equilibrium
¢ =0,e =0

where d),el &R

Examine the stability of the equilibrium state of the system:
Xy = -2x; + XXy
X, = X% - 0%
2 1 2

where o > 0 is a constant by using an appropriate Lyapunov
function.

i
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fc//owin\y o@ifﬁerenh‘af eguations :

T‘

X = (st) X

@ Se@uii:‘b‘rium state e =0,

2cost o

® V&%= € x> 2 X¥ s p.d.f. & decrescent

sT zeost

3 2 pAd o}
VEX)= —2sntX* e + 28mtX*e =0 20 is

Hence . Xe is siable | wm‘-gnmg stable .

[ Examine the stability of +he epuilibriwm states of +he

P.s.d.F,

Nete - %\" +hie examf)‘e , I Ts eaij o find the closed =olution.

e

B

Avw( it s eaﬁ +o ehec& that Xe s wet a.s.

% = (atemt—t) X
@ Seutlibrium state Xe =0
® ver,xr 2 @ 2(04T ratmst—zemt) a
V(t,X) = 2 (0.8t 4 3cost — 3tsint-3cost) e” X2

+2 (stsmt—td)e ™ =
2 (0.4t 2+ 3teost - 3exb)

Hence , e =0 s egtable.

X = att) where aw) is a cent. Punction with

a0 2V 4t 2Fe .

\)o eguﬂﬂow’um Fo‘m(‘ L CH’ow nice 5)

is F.&.P,
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/40(&’9% ve G:m trol i

Dellom 2. Frad s egiliprium states o]@ the  scalar Jdifferential
G?aaxron
K= — (X=1)(x-2)

and  examine their &-hxb?hgj Fmpewhee u&i@

1. L I nearizaktton

2. An oaﬂ:mf:ﬁoni"e L\\fa;?uu\ou ?wncﬁon

C\ﬁeo\r&g . the eeuwilibrium states are Ker =1, Ke:=2 .

I- A‘—-—a—‘f—

= =1 , 'H’\enl Ketr is IoCqu g.S.

/:\z: _33? = "G, “+Hhis \‘thes ‘f’F\eYe ig no ](nm‘t"
X=2

term ‘For— X=2 nﬁﬁ?:g couled

2. @Deane Y=x—i

J=-4Cy-1y

be con Q{M&i

C=05%, C-=1§5

Ve )= Y= s oped anol - decrescent
\‘/szkj)=‘2§:§l(g~l)z$,‘%§:82 for yeBr | A<t
Hemee ,  Xer=T s lscally e.s.
® Define Y= x-2
§=~cgroy®

Ve, o= y* -2y

is decvescent

D V) = 204+ - 24 (DY =20y ¥ s

@ V@ or=o .ad 3 apnt I\waﬁmﬁ S |
g=o or

Xer=2 3 Vit Y>>0

1. P- o(.?. |
\%G Bh/h<

| RPN O e =@ s 0 Y\Q‘g‘m,’of@ .
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?ﬁo blem 3:

f G (s>= —é%— 5 L(S) = S-1

(S+1)*
; ?mo{ a beund on >0 fﬁw the Wn@\}ef“ %VY\CJHONI

Ge ) = G Csr+ € L)

+to be PR, SPR.

1
Ge = += 2 m
Sttt e8~—8 - (+e)s+U=-E)
Cet1)* - Cs+1)2

. Condlition  Ge(s) it veal whenever & s rveal D

GeCs> has @ zevo at

g -1 .
er] SO »th‘es st

S =

Q=-8) + p(-8)
U
G-w>) +J zwW

. GsCJCO)—_—
Re [GeGenT= % [wr+3e*+1-£]20 R et

HEY\CQ J

7%*‘ O<€< 1 , Gets) js PR.

%.’\,. 0O< € < T , GQCS) S SPR .

(Nete = for PR . condition Gy, of Theovem 130 is eas

+o be cfw@qp&ec{ > :

= - [ow® +2800%+ - 007 - & + €W

(N

2] +‘1wi§‘
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og
?rc[;/em B=
( 2. /Qe/oeo«i’ T when
S+ 5 1
' == 5 15:€ = - —_—-
Sl (s+1) (8+23) =) g+1
Comment an o results .
_ S+ 5 _ !
_ St+E5 = tle+3)
(S+ 1) (8+ 323
_ (G-e)S + (5-38)
(41> (s+ 3)
GIQC3) has a. zevo ol
= = _E___B_g__ Y ‘yf@s
( S S50 S
>3 oand g<1
g o CEBED Ha-2w . _G-3s)+J (-8
Galjed ot (u+3) (3-w*) + jew
f z X
T (-wY + (6w R e e
QQEG&CJCO)] s <O -Fsr all W= 3373 o Mmatten
cohat the & is. This mplies . Ge(® never is PR e EBR:

(\\I€ g &' allewsedl 4= bLe héjactiue, +Hhe n

GE (6] s P. R .avol SPR when 2 <-1

N

A
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$7\oé/em 4 Consider +he %/lwwrfj system

€= Ae+ bosnt ) e, =hle
&):‘_—-Q‘Q\\nf

wheve , ©,e, € R', eeR" and Wmed=h"GT-aA"b e

sSPR . Use Lemme 3.3 +o Jdefine an cnppmpﬁoie Lﬂefbknov

-Fux\c‘:f‘l‘or\ and uze it to 8‘%&&,\% t+he Q‘cho?\ii\’j' of +he &&l&&‘\"em-

sofuﬁon, Tf\e egu,:hbmm is $=o0 andk e=0

Tn ordler +o QFP(:S Lemma 133, we must asswme
CA> b ) 1% eontrollable . Then
Wmsy=ATT-A)"'b e SPR. implieg
there exist for @>0., 3 p3o, £30 wdk 2
AP+pPA=-gg™-eQ2-Q" <0
Po—h =0 = e,=bpe

New &@P;ne a %qpcu‘teu ?\,mch‘on as C‘%’t Xz((%)

TR ]"P oHel
) =Le b 0 ; "

= e PL + ¢*
Heﬂce X

min 1, Nowa PIF* XS VOGS MmaX T Kinac (P, 13 - IX

VXt = €TpPe+ TP + 26

= (AT+ Gt B )PE+ TP (Ae+ dsint b)
— Q/CPS\\WTT' e_'

= T(AP+PAIC + ¢sit (bPe +TPL-2KPe )

A

= O
=-eTQ%e =0 ,




n |
Homewor.  noq |

Ao@:xlp’h‘ue Control i ,8917 os
New . LePine
gtg()(E[RmH[ \7(%):03
_ e n+t | o
= $(§)erR™| e=o7
@
= bpsint=0 = d=0O .
Hence X:(i }:O is &G.u. a.s. Sinee VXD
Sxtisties condition 1.2,3,4 in Theorem 1. 5.1,
?Dmﬁ/-em 5. Ekcemine +he S‘fab;‘/ifj 070 +he ngi/,‘éyu«;n State OIQ S’y:fen'l:
( (>.<\=_2%;‘f—9([‘>(z
~— 9.(2 == X\z ”SJﬁ( 2
where & >0 s a constant \icj us;vj @n appropricte LJQ? Fun,

VXD = [XI* = %2 + % ( Xe=o0D

0‘5 {X‘Z<\/Ct) X) < .5 ‘X‘z C,=0.C, C.= W%

VEX) = 2X(K, + 2X2 X2 = 2X (2%, X X2 )+ 2%a (= XE 6%y

—4XT— 26X = -2 (2X 3+ 6% )

§ —2mn(2,8) (xF+x5)

Cx= 2Zmin(2, 6) > O ,

‘—f—qus/ Xe = O [s 8' €. S- 5
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EE 509 Homework #2

Problem 1:

Find adaptation law for the following cases:

a)
Model

e m
By = Amxm + Bmu xaRn, Uer

Plant and Controller (Adjustable system):

X = (A_ + BF)x + B
*p = (A + B F)x, + Bou

Assumptions:

1) The elements of Bp can be adjusted directly
.o . * * _
i) 3 a matrix F such that Ap+BmF .= Am

b)
Model:

° _ m
Xy = Amxm + Bmu xe[Rn, uer

Plant and Controller:

X_ = + B
Xp Apo pQu

Assumptions:

1) Am = Ap

.0 . * * e B
i) 3 amatrix Q > BPQ = B,

iii) Bp & B m are of full rank



Problem 2: (Identification)

Plant:
;(p = Apxp + Bp u, xszA’, u&RZ,
-0.0366 0.0271 0.15 -0.19
A = 0.0482 -1.01 1.06 -1.9
P . 0.368 . 1.9
a4 . 434 -1.
0 0 1 0
[ 0.4422 0.1761 ]
*
b 7.59
B = 21
p -5.52 4.49
|0 0
where 315 A33; b21 are unknown parameter (a31 = 0.2, az5 = -1.95,
* —
b21— S)
Model:
X, = C X + (Am(t) -0 xp + Bm(t) u

*

. . * *
The matrices Am(t), Bm(t) are the same as Ap and Bp with 31> 33 and b21

replaced by a3l(t), 333(0 and b21(t) respectively. -C = -10I where I is

4x4 identity matrix.

Design an identification scheme with all necessary simulations.



Problem 3: (Adaptive control)

Plant with Controller:

X = (A_ + b + b
*p = Ap + b0 x, + bqu

oo ) B

Design the adaptation scheme and simulate your report.
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Solution +o Problem [ (a)

et ©=Xm—Xp
€= Am Xm+ Bm  — (Ap+BpF)Xp — Bp U
= An€ + (Am—Ap—BpF)%p+ (Bm-Rp)u
B\xf asswmption , 1) Bp can be adiusted &xmqﬂ\\j = Bp=Rm
i) Ap+ BmF =Am = Am- Ap=RBnF¥
Hence
€= An€+ Bm (F*-F)Xp £ Anme - B ®Xp
Where P =F —f*,
Detfine a Ldgpcnw function
v =L [Cepe + tr {0703
wheve pP=pT>0 , AMP+PAn=-RR<O.
V=2 CE&Tpe+ epél+ trid o}
=% [ €"AnPe - X3 TBLPE +€TPANC — €7P Rm® Xpl
=-4 eTAC + tr f¢TH? ~trixgERIP e ?
~£e7Qe + tr §TOY —tr{PBRPOX] T

I

- % €7@ + tr{ T [O-BaPEXR

Let

d): ‘_:_,' :B;Pe*)(; AcQo.Ftah‘cn Lawo |

Then we have % ‘—‘-*% eTAR < O.implies €, P are w.k.

:>f\} <o = QG[\,;L/ é@km ?mFI(es SEEYe

This is SoooQ eno@h %;1\ the contyol ymmblem.

IF u is p.E. then <{>—>o asxs we (1.

trieTdg
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_@o[wﬁon to Problem 7 (b)

Smme«%:{»j as we ik a/n\t.gw"\ex’Q 5 let
€= %Xm—%p
€= AnXm+ RBul = ApXp — Bp A1t
= Am €+ (An—Ap)%p T (Bm—BpEIUW
BJ the assumptions, we Bnew
Am=Ap avd I Q5 Bp@F =Bm

Thus , we fese

€ = Ane+ Bn (B7'-@")QU

Let V=0 Q]
© = Am € + BmV @ W .

C"\OO%Q L\J&jck.PGncN -Euv\ct—fc)‘\ 7
V=zTlepe+tr (viy)l

where pP=pT>0 , AmP+PAm=-R<O.

[éTpe+€ePeT+ tr(¥ )

== 2€TAL + WATY R PO+ tr (W)
-7 €TRE + tr (VTRIPEWET) + +r( VT

I

= -‘QL QTQQSO T‘F we choose cha‘th‘tien {otws.

‘{'f e é):‘ g = BJPQ W@ ( thas reguires U

€ Cles, Weloo, Ve >ecls = e—o,

,‘€ U is p.g. then WV -—=>0 as well.

i
2.
=% [ eAnPe + W YTBAPE +E€TPAME +eTP Bmt @&

TS P-E~3

THE= S %

det(R)#O
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Solution o Boblem 2

Let €= Xm ~Xp
€= %n=Kp = Cxm + (An—C)%p+ B U= ApXo —Rp U
= C& + (An—Ap)%Xp + (Bm —RpoU.
let P=AO—Ap , ¥ =BRBn®)—Bp.
é=C€+d>XP+'\Vu.
Choese
V== [6pe +tr(dTd) +tr (W) ]

coheve P>0.

y =1 [&Pe+epé ]+ tr(aTd) +tr(¥T)

=f{ ecTpe+ XJdTpe + uTpTpe + epCe+eTpdxp +RPYu]

=7 € (cP+pe)e

+ e (KF dTpe )+ b (TH) + (W TPe) + tr (VTV]

= £ €TleP+pcle + tr [T (& +pexI Il + e [¥T (¥ +5

lLet P-—-T_ . amdl the acQaPta,tL‘on law +hen = S\‘oen N1

b= Anr=ex} , Y=Buw=—eu’

Rut since most elements OF Am@) and Bmt) are ghcwn,

‘e\a)uQ o chQan asy(t) , Qs OV"\CJ( bzl ). H’ence,

~ ~
3

+ (T O+ (Y-

eu ]

e o*n!:j

O o O O\I X = « «
Am(‘t) =190 O@Q ; =i > x X
dS\(t) @) 033(‘06% -83/&% 5¢ -es’)(,;’ « %
1 O O O O, « = % % |
lf O @) T I’x < ]
Bn(t)=| butty O - Fea x
| O O { ! X %
O < i | b 4 v
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';)mf)/em 2 Ceent.)

Actual /—\oQachdbton [owas s

Qs () =-C 3 Xp

das ) =-€5 ‘Xg

bar () =-Cauy

Scheme :

Simulation ge%uwt(ons %

'I’:'z 1? :((‘; . o(;j = __0‘036’67(1,; +o\09.7:x§+ 0.5 xf-o.x?'i +0.4422 Wi + ONTET U,
4 ’)(g X? = o,o¢ng><,,~|\o&‘><f,+LD&XP—;.?'xF +5 w + 57 U, |
Xe| % Xp = 02Xp + 0368 % — 195 X~ 1.9 Xy —552 U + 4.49 U
Xs | Qu | ’i? = KXFS |
X | Qs <’ Ay (£)="€3 Xp
X1 L f Qss(t) = *@3’\(;
oo @ bty =-e.
- Y
(X""i © ’ 6, = ~10€; +butOu, —5 U,
R / ©¢ i 6, = —10€; + g, % + QuOXP ~ 02 Xp + 1.95 Xg
i ‘g

Coe = -10P4



PLOTS OF ERRORS
T

— 4_ T
2r i
O & - ST T e _
N L
| Shame™
!
f
_..2 - -
__4_ | | |
0 o 10 15 20
INPUT u=[Rsin(t)+0.1cos(t);0.23sin(.2t)+cos(t)]
8 PLOTS OF IDENTIFIED PARAMETERS
: | T
__________ S B —
R IO N s v UL N N i

INPUT u=[2sin(t)+0.1cos(t);0.23sin(.2t)+cos(t)]

~7



PLOTS OF ERRORS
I T

4 I T
2 -
x
l
{
{
l .....
0 ‘-‘F\ e
e e e
e i
s
i
-2 {l i
_4_ | 1 Il |
0 2 4 6 8 10
INPUT u:[2; 1]
6 PLOTS OF IDENTIFIED PARAMETERS
T T T I
........ ST
AL e |
2+ ]
—————— - R - | S
0Or Aax 7
_2 | | | |
0 2 4 6 ‘ 8 10

INPUT u=[2; 1]
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Solution +o Foblem 3
F
N > mModel
+
L_L__>, C‘%—ae
—*— + Plant
AS \Lgugj, ‘Q‘t"
R = Am _XF‘
€ = AnXm +bmu— (Ap Fhp 8 )% —bp u
= Am O + (Am~AP—ng€)xP -+ (bm—bF%)w
) x _ " *x=!
(» B\Lj cz:ssumPHon$ . Am—AF: ‘OF %¥‘F -/ bF— bm 8
€ = Am©t [Am =Ap —Rp (T EE 80T %pt bl =B DEU .

= Ame 4 [ {)m\ex_ e bm{ij (xF *+ Cbﬁ“bmg*“g]?'xr'k [3"\(%

= An@+ bn I§" = 8T b 87— 87T 2-[fxp+ U
Let P=F-f* , V=g —gx"

€= An € = bnd%+ bm ¥ ¢ [f xp+u]
Chooge

V=1[epe+ tr(dTd) + 2]

V=41[&Tpe + €pe) +tn@dH+ vV

e z.;; *Y)%,

=+ [ €TATPe + €PAme ] — Fbm P ¥ 4 TP Xpt 4T b H(BID) + b

V=37 = -bnPe(ut fxp)g |

i

AchLPfoiion lawe : }l b= {} = bm PQ(XF
|
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of
Broblem 8 Ceont.)
(, Simusloction epuations g*:o.é, B¥=T~-2,17
Chooze
o (1,35 O‘OSJon
. 005 0.1
% =(i _?J*[i}%‘ER»?zD‘XF-&—[i]"@M
%= (2 22foxg YRR G H2gu
: %@ = (¢ +488) % FC-THARE)AT + 42U
: 6, = €>- (2*'2%?\7‘7(‘;-‘—(“22?2)’&7;—& (—2Pu
¢ < 6, =-10®, - 5e, (4 4+22¢, ) Xp +(z~4_g,§32)‘x;‘+(2_4_g>,k

%”‘ = - (‘\4‘5 e"FO.Z?ez) (L(‘(" ?( X%+‘F1XF) g %< 6.1
‘?1 = *’0456*02’[61)’)(!; % 0.1

TLg =+ (45 € +02]e;) A o

Ini't Ta,( UQ[(,LQ Iz

Xpo = 1.0
Xpo= 1.0
o= 0.5
C.0= -0.5
.= 2.5
fla= -5
Poo= 0.5




........................................................................................................................................................... —
: 3 i PN RICr Ty =

i I I

0 2 10 15 20

TIME IN SEC

PLOTS OF THE CONTROL PARAMETERS
T ! g

P
T I N T

I I T o
i B Sttt £

INPUT u=0.2cos(.33t)+0.23sin(-.132t)



PLOTS OF THE ERRORS
!

o e e e e e e e ———— ]

10 15 29
TIME IN SEC

4 PLOTS OF THE CONTROL PARAMETERS
! ! ?

0 ) 10 15 20



%me&été 203 ; Acfcz.lptme Contrel 1

Ben m. Chen o1

Problem 4.1 A linear +ime- invariant system has the fmms/Q:v Fmetre

bistbz
s):: DR .- AU S oo S
W( SF+ast+A:

ervesen‘f the P\amt n the ?oﬁowﬁ canenical %fms=

@ =A%+ bu;

A= {—a%—t—]

|
rd

and A =C(1,0,--,07.

Answer A = (—a, 1}) b = ["‘]
Q2 O bz )

o
(o) AR is the game as m (o, <><=C°L-,n-;°<n],

—Ca.+7x)1 1
— Qx i K )i 4
(e) nonminimal vepresentation 1
Answer : Choosin A=1 A=-1 b6 A=

= RE)=st1, Pe)=bS+b,,

A= (sF 28+ ) - -A8S—Q.= (2-ads+ (1—Q)

= Cg——'bf_, E=bl"bl y &3‘1(2‘(1\), OT(‘_:Q?."Q|"

Hen ce

9&4= —XI+EE|; bz-bi, (z-Q.), QL‘QF"] ° (u)(-\

W= —Wi+ U, (,bl=»cuz+gr o 5

Y= RA"% eohere a=[‘a‘,~~-,anl‘:

b

b=

|

bt b-?‘\l

p= %
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%‘Qf)lem 4.1 () nenminimal re)oweem‘airon 2 .
d\ in v = r—1 1 — <O
eos\i F‘ [ & i 5 \T :

W =Fuwr+g§u

(:U'z = FWs +8 g?

Yo =Can + 47w,

= W =F Wz + 3eTw, + $Aw-=

=(F +3d7) W= + §cTw,

= W _ F O (0\),) 3)
(‘bz) [36 F+3&Tl wl+(o .

\xgr = cTw, + dTw=

—J cv SI-F-\‘}CQTL 0

= (e a7 [ s ©
+(sI-F -84 QCT(sT-F) ' (sT-F-§

sTI-F @) =4 3

= [T +d7I-F-g4")¢J-CGsT-F e
=(T+d7(sT-Fy'§J - CTGsT-FY 9

[
Nete < (sT-Fy'§= (o)

Let AT= Ty, d.1 . T
(s+1)* '

we hone

payes - mEE SR ER) biS + b2

= (.,

82+ (dat2)e+(di+d=t) &% +as + e

= Ci=bz2—h: , Co= by

A= Ge—autl,  da=ai-2

He
a5 ) Lo,

c2]
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Broblem 4.2 LDetermine an a.c%ofwe obeerver 7@» 70&71164‘)%1'1\?

Qa) +he amgnown, perameter vectors & and b in Problem T ¢

B K| * T] AT
Chooge . —[“T o s —[' » O{z]
i ‘s+a -117"[1
A (sI-KY'd = (1 OB-[ .
1 S d=
Fis 1 ri
= (1 0)- l"f 3+2] L&LJ /($z+23+l>
_— S+ &z
SE 4+ R8T .

Choose = d=2=1, = ‘RT(SI—K)—’d is S.P.R.

let
G s+1 7 9= 533
S -~
= | - o -1
G = { 8:1 s Az""—
S+1 o 1

Hence, we howe [dt)=3®-3, §=R-&, Y&)=bt>-b
e=Ke+ ¢ Yp + VUV +Velb), e=hTe
V=-ew' , wW'=EaEaeOus)

ci) = — & w?* w* = G() gPa_)

~(,\)£ W= e‘(w

~

- O o @)
Vithy=[o, A.w'TV 2( '}‘(—e"“”:[

O
'Uz(’t) =

=
AN

€y ((JO: = wzl «J3)

o),
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Hemeweorl no:3 oz
Beblom 4£.2 @) Srwiiltion ggaa.tiens.
Cheose : bi=1. bz=3%. ai=5, Qa.=6
= J=-3, Jo.=-5
X, =-5% + Xe + 1 U X = %,
% = — 6% ¥ I K(2) = Kz
% = —Ka+U, W=-NptU, XK= L&}
=+ U XY= X3
Xs = —Xs +%i, WE=—-Xs+X, , XY= Xs
%_gdxz_.:—wi—\— Xq X(€)= Xs
Vo= @, W XD = VY, !
¥, = - € wi AX®O=VY, - ¢}
o = - uwk X = P, -t
$, = - €103 ‘ . X0y = b= - <
g = -2eit €, +6,% + ¥y X = e
6, = =€, %+ W X2y = €,
— €1 (= bl €, (Wi Wi k)
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Roblem 4.2 (b +he unnewn porameters i problem, 1c)>

Qecccﬂ _ [ -1 TI _{ o
Flo -] ST

Ci=ba-hb=9-4=5, C.=b; =4

di=Q-+1=6-5+1=2 , d.,=q,-2= 3

A&a.Ftwe haws 9123‘, —<p

CO=-Wi, C.n=—-€,W7, dw=-€! , d(t) =-

Simulatien Ceuations:

P‘an‘c:
= —5%+ Xz + 4 XL
fo= - 6%+ Ju, Yp= Xy X (2)
Obsewer:
Wi =-wi + wi} ()
Qb‘z = -wW'+ u X (a)
Wi = —w; + w3 % (5)
Wy = —wW+ Yp % (6)

Evrvor:

e =8, — o= C ! +Cow? +di + daf -\,

Adaptive |aw:
diry=—e,wf - | %)
G = — @ wr X (3)
A= — 2w X(9)

d.t) = — e, X(10)
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u=3sin(t)+.5cos(2t)+.4sin(3t)~.7cos(4t)
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Boblem 4.3 Q@e-{e/mu'ne +he struetare o/P an a.a@a.,oﬁve obgerver

o estimote +the um‘gmwn/ /aavna/mea‘erg Gy ook Cta GP +he

-l-'nnmc)pgw ﬁzmc,ﬁen Wesy in Problem I when by ool b, cre £n

_/'L’_Sﬁ"JL" We can use +he came structure as we Lol in Froblen

4.2 (b). ‘8“/*, SInce , we ‘gnow ’gr ool l)L, we

(ﬂ&ﬂ’f‘ /&,ue o ac@%f +he We{-erv Cr MJ Ca. |s

Simuladion S%uqiim\ 2

Plant :

Xco & =—5%Xi+ X2+ 4 W.

xe2) %= = 6x, + FU , Yp = Swi+ 40T 307
Obsewer *

X O = — Wi+ W

X© W = - w2+ U

X D) = - 0o) +wk

xX© R . gp
Sxvor.

€= 5 + 4w+ O W+ AtHrw T - So
A-chu‘ahi{on kow
e G'Q‘(m:_e,w;

X(R) Loft) = — € Ws

s T .
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o7
?Dmﬁfem/ 6.1 Cendc‘lu‘ﬁ the ohsevver based comtvoller
11 A Jp
Z_ ANGI-A) b =
Rl Lr tx
o BT
o@ue to the well- ‘éncwn seporation /am‘nc:'[o‘le , (émdl in )g&d’
it s eq%( to prove it), He ]DOIQS 070 sverell & moare .
AN(A-bF)D ol ACA —KRD .
And ?f— (A, B) i< complete centrellakle , ACA ~bF) can| be

a‘f\ﬁalfmvc\[\g o.ss{in-eoo\ ™M ovrd locotien .

(@NO‘P T CA) b) 's controllable = 3 '\*r‘amspcwf\o.itieﬁ >

A, b are in contollale cononical ‘P:m, VL@,

Hence , ome com cheoso f— such +Hhot AL(A=LF) cam

be at MJ cQ,e%‘me_oQ LRoaotcong |, New . i'e CA)‘P\T"

cbhgervakle = C AT, A) is centrollakle => RQUED,
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Reoblem b2 (a)

Lef (UP('S)“‘—"

ZP cs)

with ZFCSJ s o% order M , and QFCS) s 09 ordler m

Consider o ?eeoQ?cmwm‘ mﬁenw with T.F

C‘:‘: () = ZFP(S) * m-‘-
R # n,‘z

_ &S Zg()
Then  Wpe) Gl = Rp c» Rer(S)

Tf'\e yvelative oqifme 0% WF(%DCF}:(S)

= N—m + “(\%—’m% :n*’+w%-—m¥ > N

Then we considers +he %QeeQ‘aM& FM‘F\ cempensotuy]
With. T.F. (S-\*ﬁc,m proper, e, Ng -—mp=l)

ZFG(S) +F mF

3) =
CF& ) Reg () #* nF

TF\Q TF 0? dose&—ﬂSOF S\‘f&mm

We (S

H(sy =

Ree(s): Zpe) # MNe+m
RF(S)*QFB(s)- Z,;Cs) ~ZFB(S) ¥ N+ Np

velatve &ame -—:'Y]—!—m:*ﬂ‘:‘-m =X KRE.D.
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Broblem 5.2 (b) Ceonsiderr the eem?amheﬂ ‘?OUM;“\D\

L iy 1 Jm
9 4 - 8
- ST
/\l 'Q. /\/‘Q
C\ f !
| L Cats £
L=l
- j Az
Let A=-1 = X = s+1. £ =1
T o sti
T-F 0? f<e Po eentroller = =1 -
T F: BP Peedback entrolley = Crtdalst+V
S+1
me%) = Sl

(8*— 3842 (&+1-Ci) & ca~ da (341)

S+
$® + (1-C—3)8* + (2-3 30— do )8 + (e=Cam2Cy +2)

2 B3+ (-c-22+ (30 —d-D8+(-2¢,-c.—d+2)
=33+ 4 +5s+2

= GCGi=-6, OQL:—’ZLF/ CL= 36.
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Boblem 5.3 (a)
) f 2 | Hm
| s+t
e,
+
{ Kp (S* +as + b) NEY
g3+t ds+ €
AR

Ar.QqPﬁve

C\.)B ere

/\ 'S an

®

Lowos :
Em = —%Tn(kfs) e ) Yt)
8o1= ~5gn (kp) @1o) Yptt
Bt =- 2" (&P) Er) Wi x)

éz (x) = ‘&an (kp) ) W) .

W= Aw @ + L (67 wE)

(102 (O = N et +4 gr

M-Dxn=-1 atedle mokeix , (AN,

ST(t) — C»&u—)) @;r(f), Gé(‘t); Sg(t)]

-
W) = Cr), ol @), Ypct), T ]

L) econtrollokle .
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P

%Blem 5.3 (b)

1> 7he asgum’ah‘en a)D the &‘5:1 eP K,; s Brewn It usedd n
+he é«caafoh‘ue laws. Al aonf;ﬁue laws can he obteuned

(2> The assumptren eP Zpr=8*+as+k befn\? Horwitz 13
af&o /m{;om‘&/rvf . Otherwize ., %,CS) can ret ecmd,u,Q
ot P‘rvm (Oscsd in 65'\17)‘ Ne RHF pole- zevro

ecvnce/;cz‘«'a'ns ane al[owcoe in entrof &d%‘rern.

(Dreb/em 53 (o) S rmulation

[et a=2, b=1, c=6, OQ-:IZ-) e=g., KF=2

= AE)=8*28+1 , K¥'=1

v S+ —1i o
&S)‘: t@“* @%*}[ ];
o S“"/i L |

}z st (o1 -e%)
D) = s+ (BF*- M) + oF (8 +25+1)
= QST +2eF+ %) + (0N —0i%)
;7\(@2(,(@ = 3%+ 4% 4+ ¢+ 45+ 1
ReOA® Zp>= P+ 58% 1031 108 53 +1

Rp(> o - 2]~ Ko Zpto DO

= (S¥+ 642+ Y+ @+ + 1+ 8%~ 81%))-2(s™+ 25 +1D

rr

o e+ (@oF+e ) e+ (T HO*_gl*

= O

I

[l

&' =1r 7, 3 T=[ ]

2




}(emgux-rg no:3 1 Ao@r.lph'ue st ;

89.4» m Clen

/2
@‘mu/aﬁm %«.@Xz‘ons 3
Plant =
8, = —6X,+ Ko + 2 U
Xo = —12%,+ Xz +au
Xz = —8%x, + 2, Up =1,
Model :
')64:""‘)(4""\0’ P Jm = Xq
A’can?\'o\:tten TR
Xs Jé(ﬂ: — BT
Xe 'éytﬂ = — O, g!,cc)
Ay é,‘ ® = -, Wt
s Brr= - €0 - W)
Xy Q) 6y = — €.t) Wi (%)
%o 02 () = — €& W)
‘F:Hef‘?ng 3
%, W, &) = -0 )+ WF
Nz W2 )= — Wit + R ¥+ 8- W) + EF- W+ Go- 8p + BL-WL + B7 0%
Xy QL) = — WLt + WitH
Xia W () = - Wit + e
Remark. +
W = RO -3+ Qe L) + BT (o.z(t)wom&(?m +0:(1) Wi + 0w
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r=.5cos(t)+.7sin(2t)+.9cos(3t)+.2sin(4t)
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