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= Yo Vo|lXHt ‘l’ s s the sfate- space fefrescdfaﬂon |
IT —02 :\ 0 of this sysfem.
Lou oChch 'M”\j Hme_ ToF & Hameo( ULSH:I,j
— [I o o]x e }.?locl/C D:ajram
G(sJ*-—-——-"—Sg Yy
Ecaple® Obtuin g ABLD For dhe ity
= de'w: : YCSJ
] % S8 1S (we5)
heve will 7ace o~
a rab)m 550 wC
BOL"L on fhe systomt: -
S* ‘ S+5P Tie system becomes as Follow s *
B X Y(KJ
U8) - ) A+b
X,(g).—.—-s—}:g ()Q(S)fU(XJ’“X,(S)) = ).CI :-{x,-{-fz-#b(. °-'®
Xp(8) = —%— (V) -X(09) = %, = =8 +8 1L @
=X
% = {:g ;]x+ [HM Y =X
J= [I, ___é]kx_*' o check .

T ——— e ——— e
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5)

scheck s wsing ((S) a5 sbtuined From  the block Aiagrow and
as oblaied from G(S)=C [ST-A]'8+D

~

5*3 )
1 + .&i*i Sl_'_gs_i.g
A(s45)

T WL
G(N)=T1 o] [see -1 l]-f—o \ I’ ‘g
[ 8 K [ 8 c24543 | -8 S+é

| ) \ = S+8
& Lo ﬂjg] SUbSH8 ____—__SQ+5S+8

¥/U£t&:anﬁ f’olgnamial S rools = -1 % Se(o,m{ hlj}'wﬂl aroler:

= eigeavalues.

s sl
_4 = roots '1""*(5 =
e.9: gM+68+8=0 =% O Tl > 3 ==

e = & = = Zexo-
g ARl =ed Fpebs =1 KO )

use) another refafranjwe«!f o blocks fo jel-

Exerc;s(c'): Utilize ( % ij*em :

amother shfc spact for

2,00 for %c,ﬁ;”miflj fjif&"i
Y(8)

(2) |
£yeccise - Defermine A
Exercise

X

50’*“""' ﬁ'r ex.(D:
el B e
The SjS}M becomfsS As 7po”aud5:

U(S—)* 3 Y(x)

=
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IS —————

/ o \ e
X - [t Vsl X509

= G = -5 Kt X X3 + U eee (1)
X.(8) = &)U - %] 9= X
= X, = -8X; +3U e 2)

(8 s = Xq( = ¥y =% -10Xe e )

The A)R,C,0 pwamefu given by:

e fop ¢ -J[EFIS
oo—a} [3

j o -0
y= [f o o] X+ 0-U
¥ ¥ ¥ %
%O)D"—a-;mifj S(A)B)C)D) Fram QxR T-F'
'2) Case(4): Mo decivative a)gu-
A-l)

4 - 1 = (ﬁ)+al. | oy 8 R

G(S) - ’D:FS) S“.,.a,sm.lmzs.?;... +0, J .lj ] j
Let ¥ =9,
X‘z‘:z:x'
X';’rj - X2

JC‘H‘ =B“-’-")-C’

. : o win = B AR
s = 5o three X7’s suffice.
[} H ':_.—_-—-—"_—-_-
Exomple® Gives G NP-HSES oy
L2=9=X,

C = o + [ -
x = [5 3.]" o] %y
0o -6Y L5 Xy =Y

4y=[1 o o[X +oU

R AT T
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4 0]
ZZ)M; Whea the NM@fo.fbf Inwolves non-Zew Powers o]fg. -

Dt st by ot cmetle: L s
YST+op+ eTC "
feb Geo)= 255 T
334-25 +&5+ hese Al = il
1 al = "Z 4
vs) o Y& . _ZE =(3;3,,q52+53’r£).___'__2____- S eigeavalnes
Us) T Tz UG) Be28%8849 . el
4 let Z(2) - | '-:;Hf;& Zj%)ﬁ 7 +HS-+
VL) g3+28%13849 ﬂ,c):)ogw,‘:iargz-!—é% N
. +6X,
Lo fc’r_zi X : ,3(_o\xl,gx2-z x3+u)+‘bf5+5’(z
2= =T M : -
3(3:% - %2 ; 9= _91 0 - 14X -2 X3 + 3

>'c=[° ' ‘Tw[;]w y= [ - gx+ 3
o o 1 ] 7

9 -8 -2

%Y%un Con checl: trace =5 eigen valves = -2 #

IAl = (1) (0%a) = =9 7
22'9 Case (f)tﬁb}‘aimwj )Qz'ojorwJ State Kpoce Repfwquf:dﬂ. N
Besk ﬂlm.shb}eo( &M example rpl?g_{)a(h'af Fraction:

2 20 6 5. ol
o o x2egswzo o STHAS420
i . = 2 1 -— =
Given » (1(2) S eEShIstE  (s)ls2)(se3)

- 5o " 5 T Fe3
sy« UG - EVE VD o (e (s X (8)

S+l S+2 S+3
— — — = . X
X (s) X LX) X; (S) —_7?> Y= Xi+ Nt X3
Ko [X) ® VGl X, = -x,+6u ... U)
S+1
XZ(»S’) = .-._é"gu_%:] - xz: "2)(2_1-511 "'(2)
; = = ;w7
LU = = C3GHY (
X3zls) = a3 3
%= [ o e (U Y1 11X +0ou
X ~ KO -2 D]x [—6} ) ’ﬁ { ]
I L -
X

XK

¥ 3
EI’IO( A%ﬂﬁm%%yfm’aﬁ-
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Topics in Control

. Fanoi7

Dr. Omar Ghzawi
By Mhmd Abuhashya

]

?J qrloygigy U= I A U0
P owe r,umt.l_JJ u.com
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X
X% Selutin for Qy in firrst exam : Jind (A Bsc,D0) using 3 shates P

e~ Duildk -
o ”y

v = . Xz -4x-2X et
i X, = —x\+x3+ut e 2)
x; = 5,(' 5./t} "5{’{- "'[3}
- X Y
)'C-: = =3 b FEY P u j l il ) P
= g | ’ eileduce the RO Y(8) - ——
5 o -5 . ) 82+98+8
) pastial Jpra;/h':;zzj .
- U = % S 3
I dt o o LB 0 M= et
B o e oo e g T pe e
% Xi(S) X, (8)

= Xi(x)= 2l A - |
> X3 se P Ni=3E4 -5uU _=> a [“3 : x+[_%]u
Xz(SJ'_ ___._g. ? x.'z :-—sz-f'%-u o -—] %
H:x,-f»xz j":. [l I]IT‘O'M
¥ Mofe: The bwo systems f State Space wi”ciévd He same (2(S).

e Solation e Gy in firstexam : find a800) with shis %1559 p

(3 KVL on outside wa') —u +R C,x,+x,+rz-o .9‘_‘ “+ 2 )
(229 Keb of the rylf//,dlc) (;x SU-Xi~Xp _ Xy iy o
R ® u R= T % B
Jg(j Y= U4-X) =~ =% p
Rs 7 »
X7 Grs s &Cs r Z-Rs Es] Rs

io ') [

: =1
% TF conld le abtoised by tuo metheds: 62z ZE - or G- Clar-AR+D

X The (ase 0}p Iilealical (Pepeated) poles:
Suppose () = == Y __,_/_'\__ > Y- A,

T (sep¥ (S+m
Let XCS)=_§U-—_> %y ==PXe U oo () eyt =g, - )
+P
(8= P 5
G (sw Pl b e R R S pr R
X; X'-'—— = :,\_.-l-f— :-—\—-X(.S) = _'/{:.='le+)(2"°(3)
$(%) (sep) = %) Sep (2ep)? Sep o

A ————
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=> ‘).C-_' -1 o X +olu @
o e 1] [l( > 3= [A o dlx+ou
o 0 -p

Cl‘s&o‘l vhl%S'. —P)—F;‘P 2 IAI = —'P?
7 v
X TRe form of Mattix A is Kaown as & Jordan focon 0B Fordan Blodd.

s ; B s
Exercise: (et AyR>C50 when )G.(g)= (—g—.;)—;"'”" ey N5

3 Gly. e85
(8 o) (8578 +12)

goluh‘on, .

@ - U Y. & sU
- v LU+ 18 - T3

¥ o yu ---(
let Xg= 4V = X-= Hx,+ (t)

27

let X5 = ,i-ig — 325—,—5JC5+5M e (2)

let X,= L = Xy= ~$xp+ U - 0)

Let X3='L—s%2= —-S—};-xz = Xxp=-35+X ---H)

let Xy-= J.ﬂ)g*—;‘;'xz = >&,=*3xtf+x3 L -

/Uow Jpof' Jf j,—_—éxq_'_xl_*‘xs i b 403
¥* S(A,R,CP) becormes &S —ﬂ)llaws:

—

(= (-4 o o oo'}x_—ﬁ“:ju

(0
O
o (o) fs) "'5 /5

f1 00 61Jx+ 0l 2y
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G G- Seg?iqg | |
(S 2+ 80) (32, 22412) |

SMC& 4he /ane{a'{br& the Venomin ator JGW/C_ ‘H'LC- Sam e, |
Pow - /V&Ed ka 0(0 a ﬂiv,-'s,'on 5 MD& f't W.l“ (CIH”' M II
;Qllau{nﬂ :
Gi(s)= ¥ 185+ 43P+ F65 -M8 |
(S+2)* # (Sr4) % S+3) |

=1 -[As 2 .c 0]
S+y S+7  (S)* Sed 's

x By “sin Cover—spp Rule it can be Fowaol that: |
)A‘- +‘12,I )):Zg:—/géfglc:—gg_J |

X gj Povtial JP raction Alse3lfse2)+B( Sei) (542) +C (Srseu) + D(s+2) (543 )(544)
NS ys - FX-48

@ =0 it can be foud that: [P= 105 |
Mow Y= U +12V ., 186V, S8V , 105U

Sy S+3 (8+2)* S
J;bt X( ,_;'Cigz__'i‘.‘_f s li:l’: “UX,=92U1 ce o (l) |
LCL' Xz = ’:6}-‘[ = )‘Clz-fXZ +136 U .o . 62) \
let xs”*'él{; = X;=-2XK;+ W -e- (3)
lek Xq:&%ﬂ" %_35 =>> )-ﬂ,= -2 Xy +Xz &y U‘l)

for Y Y= X+ X+ HEX; +58Xy + U .- (5)

x= |-4 o o o |+ |82 W.
o = B8 18¢
o (o] "2. O 1
o © 1 “Z_J o

b=[11 -5 se]x + 1'U
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Adx Wity ToF on MATIAB: (2]
S Aefead g BlenT g Calt ] 5 el =13
5> grs = _
>> G =C *x inv (S % cye (length ()~ A) % B+ D
P s}mpfc (&)
or  simplify (61)
R P(e_,—’ﬁﬂ(_&)
%Ob’fm'nh\g a R0 _;Qr.m SER:
Best llustated by a Mumerical  Exomple :
Given: X = [’2 g ”]x*[:)]u >y= 013 1M 5l +16

5 -6 F
2 o -1 12

Xz~ 203X + UG+ 5 oo the same for X, K X

A
> X = § L-2Xies% %] 5 X, - X~k 7%] 5 X = ¥/8X, - Xz 4127

2

Exerciset (siven 5C=[;l f]x*[z]u y Y=LF 8(X +91

z) Obtain o BV reffesed+r'_rg Hhe s:jshsm ¢
i) Reduce  the BY gad olefermine the Pales P

jii) Confim the poles. using auother method, ?
i) Determing the TF using two methods ?

) Cancjau alefcminc the s*c@ s}a*c value ?W'{j ?
Vi) 7 the system were stable ynow Can_Jou calculate KXos2Jsg wsing te medhods 7
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Vi) Pemiad jwﬂcff with the )Efna’ value Hwafm P @]

go)hhoﬂ:
@ X, 2=X 42X +5Uh > X = E{Tf’znffﬂ
Xp= 23X, +YH Xy +6u > X, = -—;—g\—_—q I3, +6M_]
Y= Fox,+ 83X+

Ja

() This € loc K. Dz'ag)mm Cont be Reduced easﬂj
it will l:’a%& koo much ?;zoMC.
o'{t’o[ ‘a this

uations not incl

x T1 could be SOM.’O( ‘bj g
3 il obtal
Siﬂﬁ MA"/MB; Either Nﬂj Yo will obtain

2y W
*OR S s for fomchon'

Hhe fo Jlowd

q;l-i—%,g +2)
60 g0 7
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@’\V\g poles (&emsw} the &J’janl/a/uef, So we,ﬁ}u;[ A's

a-ard :‘/FI“'\ 2 =5 [4-AIl =0 = (-1-A)(4-1) -6
3 -1 4%-3A-l0=0 A=-2,5

@ Method (1) By Reducing the 3.0 ee Fad GLy)= Y5

Ul
Medhod (2): &ms:’nﬁ Gy = C[gf_Ajig+p
G(s)=I7 8T[s4 2 5}. \ @
3 -] 6 S2-z8-10
[Fe-gsrsy 14 +8mE] 268 -20 + 438 + 132
l = BR3& 4 112

= oy - 838+nz + 9 (8%sg-10) qs;+55x+zz "
st-35-10 R e

) /\/0/ since  the sjs}&m is uasfable 5 yon cam see that  From
the trace 5 trace = ~1+Y =32 >o (for swe thee is o +ve
teal poart in the eigeavalies »so unsfable iji'ﬂ”")-

: L = A 2) = X
@ Fiaal Value Theorem (FV-T) stalss that: ffs x(t) = ’é‘_‘i": SX( ss

. B = - Jo® =0.8 4 X =-2.
@ il i x-A2oeify ][] EREE 7
Y= 17 8 [_"2'_“}]+°| =22 [ReBZl elemesber LuE)= o Dlinit=]

; () CUf) . ASUEETEE o te sy slims. L. SIS o
M._____..-e"l""‘l(z)' G Y_Ul’(?i > Y8~ O mdix {f:oxya S—usﬁ 23310 A’ijss 22}

__J—[ZX-rSu:(...{l) .‘Sous.w'.n@ e ol observe #
X = + d = 3 ;
Xl = i""[»’x +4ul- @) X, = BVHSUN s, X, =Lim SX, = Lim & %*59‘3!
ST ' 2-39-10 st S+0 S0 ————’-—,9'2—33""0
= = 0.3 |~
e Sub. (@ in @ﬂou will obsesve: => M .
|
X = Mﬁs’ = XZ :'L'.M‘S'XZ = [im 2}#%-‘-6; ‘/?/=b )s(% = -21 #
: S8°-38-10 i T |
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gXa,mQ?}e:' G ery 75:[—-—\ 2}1"‘&5}“
3 4 6

Y- [(F 8lx A u ‘
C) obraimn e blocle dlajr‘am r\epresen;—q\hm -
L) USe the block diagram Fo obravi the TV F

.. - T =. ; shale spady representa
) Qbray e I F nsing, &5, did e Rl

Soluhon ¢ A Cmr\v'en‘tenx (.Ue\\-—cl\_fcxu.)lf\ +\<3\«j R D
mMoy  ease fhe reduchon process, such as

2]

Gm):% - Y'—ai g %:L* %’ 2 G,zb'#{ | 50 determme Grs)- T his praves
very dlgf\a\,\t usnhﬂ reduc hon Fechm«:luw"ir\-ﬂfacb ke f(llm.ttj has

been done & shian G &'

Cé-’ Lf—)X?_: 6 U -""5X|‘ U

(s+)X; =5U+2X,
Y‘ =7 X\+ %Xz

—————————

o W=E. 0 Xy 5 \Al = —$%e3 410

?[—3 S-4- O %)\ = 6X:7\,A,C:b

F o= v Lo
()5\'(3 erm@,(lg Y'VL[Q

s T—Z 5 6(-83 ) 22) - 5 (- 43S)
Gi[}):\/jm _ SH o 5 g -132420-35¢
U Bube W IR LTN - S a2
-8%435+/0 84385 +10 8 3210
Gfﬁ? = Gesy+9 - B8 +9s%278-90 _ ‘\&‘L—tss'p+u_
§=3¢—10 T T 3§ sie
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Ol)}%“v{\ )217 (zfat“ohlw\ ﬂﬁw Reduce if’ 5 COnFifM omswens

EX i : thods °

W;Lv'\j theee me

¥, § = 5T
x{; :ka—vlé(
j-—,\‘j— ol)&—'cc\\/\

A s
X, = 5%[2)(2 sul 9 Xo = e B)(\-l'él"]

9=?X|+C‘1V‘.

q 8433146 #fi
- “poy .

G(s)= C1SI-A) g+p =17 52350 [3‘ Ll & 23810
o (3) :
%/ PATIAB conmand: |
sin : |
g AM i"lj 253 H]J '?5):6)6]) C):'-'-E'f NEYY e , = = # t
ST M ey '
- we 2 tF (A3 0P Za
7A7 f:;?atpt‘ftng: 9 b -1 1"6 74 G'(S) g2 35 -0 t
ne * |

J_a{_:: 1 5 -0

T an——
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X\\’(Ccr\vcrhzj a T-F to a BD:

Given G[sj:X[}Q = b353+ b;S’:riaS*‘b" *_A_/_jz if the Vumecator amd EZZ)
Usi LGl 43 83+0, 8 a s + 0, the Denominator have Hhee
S'U Ta hj(‘a"ofs“. (olA'Vl'alC ’ZJ S;) Soume h?jl\uf Poalt’/“ H/Le,m
ey D#o in the SN model.
> Ge)e bthfrhmthm y(s)

T

05'1'0‘2"‘?"’0.';—;-}&4—’%}
!
= (bs U'—'Mg)g + (sz—azY) -I-é,— + (b,[f_a,y)é;-n— (b. U—a'\/)';? -
'El_[(b,_v-mz\/)-f,‘g[(b. U’0‘|Y)+’§"(L°U-—0,\/)]I *bj U': agy
u

W

vl . 65758+ 4 4 gD, Then ko a S8 Model.

Execcise: Conver t  G(5)=
’ VB) 352,084

Then Cr—w.g'rm the T°F M_S;AD T30 MC‘HvtanS "
Solution:  Abter alfw'o{«'na_bjsz gou il oblain  the fg“awinﬂ.‘

G(s) = % = %j(swgyﬁ—s‘—(w—y)] +3U=2Y

[

X, X,
oMethod(): L ,
2y B9 Rediction: —> 35 ——— Fed backith
“ o 2 =  2X43 4
4 ' T S
U = b
)/ 38+ i 2y
- ?9%25+)
I+ 8%y d
- . ] Canm_-'?_

————
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3’8 E

U — %5 550 YT

2 58 +Y
) Y(8) _ E¥F5AT
G‘ (ﬁ V(XJ 332_‘..2;.”

Method (3) * :23 obfmining S8R
\
=5 ) Xj+6n
X, = ,y[mb'u-.-(;my] oy vy B EEIRSTCY
& ooy ek ell) 1D Xz-—'—}x.+2l«t @ Y- Lx,+2u oo (3)
= 3 \ 1

-- - - -

A B c D
= "% Xt u ) j-:lf?- o]x.f-Z,M
.—\/30 J

-1 g
fom GUO=CIST-ATRD wehuad TF:
2
G =it °Z[| ‘H ] ) Sh Lyl +’2 38%28+1

= 2
'E' S"‘?— 2
¥ ¢ .
f it s haod to selve wsing 3D —> 9o Fe RSR. -
[ J
Defecming, leplace Toaasform Then
I'So)afﬂ JC,;
v = L2 X+ (kL
<5 * BN

a;s;gn :!m‘cs Af
Yy =[2 5]x+FuU

sk Mind Map :

oot

The ofp of Dynomic
blocKs-

h)}:to‘&wﬁé G'(ﬁﬁ(,[SI—Aj'l?"'D
]gjcs P
9!4(_'0\ ;u th.
uStﬁj ﬂjmm = vi 2
Blocks o T~ stests
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KMatlab Aside : @

1= [ 17 ¥ g
L=22 4 97  4yenyseg
G = tle(ﬂ;o(—) X Troaaster Function

[4%8scpl=tPIsStnsd] o Wis camwinad converks Eow B
tramster Famction te state space.

Invsdd ] = eco tf (4,2, c,p) = Ar SIS0 sytems.

X BacK 75 Matrsy Propacties :
o The ( c\ojfg ~Hamillon Thecrem :
Given that A(A) is the characlerstic Foljﬂamial/é'zua‘hbn CP or CE

T et ekt e e R,
ie A satisfies its CPAE -

)= Je o = 1 = A(AJ:}\z#:iA*’za =8
ﬂc Zﬁi- A [20 -q A(A)= A2+"-"A+,20In=o

A2= o | [o li[ = |-20 -9 5 ga-=1|° 9 5 201, .:[200 2;]
~20 A} (20 -9 130 +61 -180 -3l
= AA=[goto120 e | [o a] %
180-180+0 g1-31+20 o o a—

Now 75 Evaluale A :
A=-9A%-204 = -1 (9A-20T,)- 204 = 61A+1801

Eyeccist: Use the (ayley - Hamelfon  theorom to Calculate A ¢

Solution = A(A)= A+AA *201, =0 |
& A% Aleaa Al gor, Az > A4, +20f] =0

- -1
: L

- - L _Jo-9 —1 Loz
o A=) A qfw]*zo = JoFSS) s 2o 20| L
20 9-9 1 0

* ¥ ¥
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*g"(f’t: s te be AECIIOIQU(' to be S)Lﬁblf or /(/ﬁf' &40&'”
e Controller. il

Exomple: Consioler a simaplified model of & B»"Cjélﬁ 91\/&45 G ()= —Ei’l_l-l
U i y it UNSTARLE 5 since CS_’\-TI) chanjinj its sign -
524 . Test it !fj MATLAL .

*Bé Usin‘c) Feedbocl

¥ sl bits best if K=Y
R Ll —E‘__C Y R 32K %’_/i%’ wccle}: Qrausaidal
fespon
ﬂa/ginalij Unstable..

xm&m#@: {

O L
R [ L By o2, e+ K-
= T Do Shable: K-u7o =» (K21
[T+« o 1o Ke Sfale

For o positive T

J&Aneljsis (/sf:lj SS f?-?'{’fe""'%"hb_"‘_:ll\xﬂ?M xeR"s WERT
resented as: X" Iy geRr’
%’js%ws e (ep 9 - x+V

ble .
wontput: mast be mewswa
% input: Need Mot to be always mew

N %6 , {Zepreswfaffﬂn oFSjS"&MS Can be put on the ygl/au:‘fj}:,msg -
' ene/a

wable .

*rb Sz-\'bzs*'bg . G'(g)
e b Glg)e BT = L
'p C‘“\Jfro”ablea Faren : Givem P e ﬂacfi"’ Bj,gf for
. % S A i the Uenominale
=13y 3 [ o]7j=fbf".“s N L g ¥
—~03 —%y s 1

Fom Unstable (due to chasging ia sign)
. Aums: -1 2 5] >sys
* I'F 1,#-51[ row’ ‘F

gz +°]S+20 y
Example® Given 6151 T = Shiastas v Mewor ‘:z«c[ )J(:M
o j‘[:?ﬂ a f])c—i-O-UL (aeneial Form.
x=[e 3} H[OJ )
0 ©
4 -t —6 J
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L+ (ontrollable .

o T
> Bo =C 5 C=i% y =0, o becvable -
PAY k = lo o -ay X+ b3-b¢ﬂj A 3 H"Io d 1]x +b° n
I 0 —-ay by-b0iy
o | - A b,—b¢a|

33 J;v’alfm Form : given - " C £ _95_ .
s Wb +---+by _ Cg ._C_ﬁ-_- o e == 3
Gle) = Y& = b3 =g e wpy (s
VB gt g, g4 #an G - RY () (5

TR Docdan Form is 4s d(efu‘cv‘eal below :
A+lo]u 5 Y=I[Cs G G Cs Cy] % +bo
o

o -kl 0 : Lbzuined
e x| B i T
. xDisadvartage : peed to do par tial } racHion.

Exercise: Obtan a state space ropreseatation in gl o grer: 2y S+5

) o= % » Gls)- (,;'%23‘(5;%24@75 #31) G(S)= ,S;fr_g(isi';‘)‘-;fi

_ : : - A L
(3) Rewriting G os hllows: G)= Lo+ g5+ X7
2y wsing The Cover (p ule you Can obtain that : lA=-é—lJ)
: 3 =¥
Now G(8) Becomes : Q(g):ré/{%_,l, = " fgfr%
SSR is Givea %L

e W OB OB AT 17u = |+ et X+0g-U
a o -2 © Jl a 2 [2 5 # 0
o © -3 j
i
@ &)= (3+2)(s+5) . A EE_‘/ l

(o) (wr2)(SHY)  (Sea)fed) ~ X2
By Cover Up Rule you Can obtain Haf: [A= Y% P M

asR s (iven Bj.

T TR A e
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5 E C
@ @wnfmj &8 ns tg//UvJS G(Y)= — +)3 (Qé)? (;’-B[) 4 "EL D

Ej Usinoy Cover Up Rule gou (om Obf’am thaf + IC __.15;2 9 ‘C‘f 2}%'

Now By using his equation . G S Co8(513) + C,S(5r2) %+ O (S¥2) = 234 D8% 45
& Substifuling =1 & S=-1 you can observe these tee eguaf:ons |
4G +16C, = =10 ... ()

27 olvin l 22‘ \ .
".2C2—'JC,:—|__5_§ 62)/75 'j 2? D

27
SER s Griven )fj |
C=1-3 1 oo o T -4 22 5 U
A o -2 ! o s o “ )j_If 9 27 2’?]X+&
0 o -3 © 1
Jd o o O J
X X ¢
)&Dnojdnﬂ“?“h‘"‘ 0_)Q 3 Maffl)(

Let P cepreseals  the eiqeavectors matrix :

AP' = >\|P‘ ﬁ%’o {
Ab =22 P Pt

ot Tae 788 A1
?l P'l )\ W \ S
fxffn‘}; 3 & [ e o j H )\2]

] j : :'SiA’)
fo et Aswse’ A-pAP! 5 toxpk 3w A Y
go ) o

£ values ace olistiact ("[’Hm"h""""?"“') thea: the einen vectors are

I e eraea

*,,Jgpmdjrf,lwce Jpl #o éPax-Sh,hwcc A\ =pAP . |
/ o N

SISV Wy |

4 -l -4 oll-l

s'oluhm @) Neahntheo & h-f-t > pef L l"] S dNE [

12 ?] 3-—‘1 [2 ._oq #

-1
=0 : =4 | -l o o
oot ol ik
@“7')\ 523 '.’)P "“"2 ikt L ¥ i & wg ;5‘!3 o UZ—Z a
' -2 i or = 0{. 1 2 = -2 g
[A-As]e[- 2.1 Tefur A=-2: wpwecfr aj)? B i I J 1]
e LR
& BE g0 =1~ e T ' 01
A=-255 . [? 4 [o 5| # todime

- e e e . Y, Sl P P
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@ AN = -:I;A ?-13 {, = *)\B-HOAZ _3114_30__,__0

o ] H—A = }\: 2)2}5
. fo{ A-_'z.' e—i;c«%dbf: ﬂﬂ{:][:g g lf] = /g
o i 2

—

o *
aKIf the e{'jemfahes e idu'h'ml((cpcaf'w[ ~the Sal"l”/) sas suppose € howe
Huree identical eigeammlues (1) 5 Tet get thiee eigenvectors:

e P-AL R =c < Ui G.F or adpiaf method OR*: o JA-AL] fi=e
« p-2T1RR whe GE- A-WT L P e
* [A-2 Tu]Pe=ha « JA-MInT B =0

Po6G 56 ae Known oS: ,
“Generalized  Eigenvectors.

X S'frucjf wal Propocties o 535*6“45‘
Controllability (CC) 2 |
Dﬂef' i Sj,f,i is completely stafe Codrollable. if it is pussible to moe its

fates )f(m Mﬂ bii’ra/ oints to oy fl'da! Wélf'r’alj Pu."rii's on a ﬁnifd’
sta (] o ; g

j sfroi input -
time, o{,swg an wicon {’(a ned mpu

s Tt f'of Canh’a”dbi[f{j; consicler K=AXEL 3 xeRb ueR™
> A syste 15 CCiff: oK ([2 A A2 e A7) =0

o iIJHHu s it cc?

les %C =
£ gample: X

1
golution * r‘MK([; Fr])-m JK"P | M =g sThea: rak (M) <NF
N g

%
in ou case: |M|="1#0 Y, = & THEE TR

_Fw'%‘wn‘l o ————————

T TN S AT
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Example: 1 - :

o JC-[O 1 JC+{| T
i = 9 ‘3:( _ZI is it CC? @
Solution: 5 M=o s ranK (M) <rv |
W e el sroa=] 7 Uncantrollable

<,
Same, {o each other

just differeat by facter -2 .

E; . e
Xawmple. x:»Y | OKJC*r 11u ém:[ﬁ 2 ]

O © l - 0( (
AR F1 R TR VR
y _2 16 A-AB

7~ 4 _ ) . ” HC |
%‘({sm‘j Sjlvesfcfﬂ{dhoal = raaM=1<n=3 ~Unc atrolla |

: aanl #o 1

o Mofes if there is 2x2 watrix in his 2x3 madrix s has o‘d&’mcﬂﬂlﬂ i |
;h—e ¥ il e 2 ia Hhis case 5 RUT since  All submaftrices |
gives def.=0 ; ranl=1. |

X Coa fro Habilifj %\anﬁ’edian

> Pk (M) =1

.
.

. J‘ua(je g, o bj insfeCHﬂj A %ige)rw with B

9 B< b, Thea the SJS’rem is CC o.q\lj i¥
l s Al T one Mon-Fero .

¢4

| hpis Bexo Sthen +he,§}_s}m 25 wacontrollable -

Exomple: x = [;o -\ﬁ‘lx.r[_lg]m iy tbee ¢

-

Selutiont L yote: the columns of Matrix P ore the BQS"'"&‘ ars
.—‘_'—'-——-  —

ek P e A » A-—F‘AP--P XE Pz [ NiREH
eons Hm* the _é”: maott

The stem is: ﬁf illy CC m
f?{'B O]f'*l f]“ C?;Mg be a}}ccjfeol- cb;—' -
o -4 0

sUncon }Ya”aH{’, .
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A sylem is shit observable if it is posible b gef B cfates out of fhe

oubpuls 'finhle, time .

oA Tesk o Observability (00) ¢ Given % =Axtsu >4=CxeP%
A sysfem is Completely 00 iff: ok (v) = raaK ([C ) =1
whese P=0. [CA“'J

g Obsexvabil@; | [E'

):Q’( TMP‘I'CG"'I'W\ Of Cpn'f‘m”abw:
l) AbEh'}j Yo CijC all of the eigenvalues  using state Feedback.
2) Abil@ to olesijw e&"i{:‘f_’ contrellers .

] bllli’ g\Ccnl‘fd“Mb'lh* .
3% There is MO Relation between Sta jfﬁ"a“c 7 Sfalij‘wanh”abk

l—*we_ conld  have y-statfes : skable - con

b Wff‘a ble - Con"'fo”ﬂuf > pmg'fablf_ —-Mcgnffa”aﬁlﬁ.

y Fire -Fighting Planes  are: Naturally Unstable -

o N '. S
. ability S b:’l’fj Do NOT imply each other (e CC N
i - Con’tro“ b'h} g\ ! S S}'Mp[ }:Jf S}'ﬂble 2

Cck'g., 6&-&3,66&—5—) "“w@ :.Z ;‘f'Mo( 7(;( MS?"ab'C'

s o=V VB oayely gix isit 007
Mﬁ’ " [-8 -61 5 H*f_ two COIMS d&f’eﬂﬂ[ on EaCLf UH‘M

oy * T E] =
Sahnl v AN [CAI X“; _1;2' IN‘::O s So WWK{/V)<2

. rpal(W)= 1 i system i wnobsecvable (80).

00 ~ fion s tinethe ~“T- F-
e e fcf/&ofeo( bj Ple~%ero Cancella
¥OC: ,}?Oﬁi TF doesat have the onder of The jsiem (ie n) TRen we

have  Pole - Zerw Cancellat r'on) ;

calbers | o DO50r Ec&00 -

' his the system
l: ,,:eezmh checl on the Sjs}ew Eo Kacw which one of these 3-amses.
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Dr. Omar Ghzawi
By Mhmd Abuhashya

]

?J qrloygigy U= I A U0
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¥ Obsecvabi Jifj Ins f’CCJﬁM f
of o cyslom s ;2%0,4“\. thent for iFto 0O all elements oF I
ouh)u-l' Mo\‘l'nx C S\ﬂauld bC ruaﬂ WO
4 v -\~ o Dl = }- 2d
£ xowple x-io‘ - OIMW > Y= 0 2d]X
3 L
> the (1) Cl;emfoaluc 13,007 7% knew since it face Zeco in matrix® |
F
=5 the (-2) EIaeﬂVaMC, is 00. s wie Kaew since f’/‘ 7%66 Zers in mafﬁxc

Exanple: XF | ]x-[ z]u y 9 =[5 2ie]* f

02.\0
o5

R

-.-—-r

0013

== kg the row 'n malriX o ©
= the (2) eigeavalue is CC- 3\0; - cinh
=~ (3) is cc ¥ 00.
¥ end f second ¥

Material
Exonple: Considor X = [; z]m ]M: y=[F3 11x 5 XO* H

iad At:P Pl?
Fin & ¢ ; . s @,‘ :'2,! l
\ "2 :?V;-)‘g]

- S'clu.'h'on JA-ATy| = 12—3}\“10-0
with Ai=bt Vi=2 coltimn of Mlj[g —-I] [:3 -4

o eiaenvechr asso ciated
: . e ditsabap.

s the wmatriX that we Buad the eisenvector from it s

‘ﬂ‘_’ﬁ’ alwony
' ' 3 = 2= vp=]-2
.ebu\\feck!f associaled with p=-2: V2=2 column Faa@[a 26] [’g !2]_? s [1]
oMote: aluays each eigenvalue has one e,jmmk, )
5 o=t -2 Ct t 2 )‘ e‘{[\ 2
»P= ; ’2] o C (3 '” 4&] [_3 l] 32% ey’ - .k
st -2t 5}_ -2k ‘ B 5
At’ I i:g-zk . 553{ soleeils it must give [o I]@ t=
SR Je-2¢6 bE+re 3 o
ve +Ve trace. = trace :’z‘g +fe 70

%
Note s alwaﬂs the Ma‘l‘fﬂ'x é mus+ ha

Gnﬁnwe:—>
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=> given u(t) =0 Fa( t70. @[

t Ate) At i
X1 = é*"xm»fé“& e . 3ulddT = x=€. X0 }
k,L—-———"”—'lire;ml : |

b - =2t ,-

N xw—-\}é p ] = )= C x() =3 i =glie ,'
ot 2k )

qe -2¢€ |

5t L
oWe whce a missinj goluhbn(moo(e) =L e IS m.ssmj in the ofp:
This is olue to Unobseruabilifj of the gﬁ'}‘m.
o C : -(c7-=1-3 ! w = ”Unabfmfab/e//.
> To cheek: ¥ [CA [5 ’2] - ral(¥) =1 QpoRieAE

P —— e
s

Execcise: Calculafe the TF B previons example L use it to judlge
bsecvability;
'B‘»Q Unobsesva lg"_l ___l___ [_3 1'1 [ 9 o . S—g
Solution: G(3)= CISIA] B+ :,s'?-s,%’—lb [ : S’-H] L] peryoms
@)= "EE?E 36](&—3% ancellahﬂﬂ ac(wfeg{. which Conﬁ'fms the Unobﬂfmbi@'

S Contione For CCEO0 By ins ection :
 Dest iMmsteated by o example : Using x=PT whece P contains Fhe eigenvectors as columns-

. ' . - "2: )?
NI RERR L
o 1
- oo 2:\J

O s
(05
5 I‘{,jov\ have two JMJ;M blocks aSSDCl'ﬂh?O( with the same e_ige,l valwe

Ten the Sjs‘l‘&m s Uncontrd”“b'L- [l'n case we ceplace. the element u)
ia Malrix A with new e!emo«f(z)-_[ :

-eijmvalut {r) =% CC & 9_—(7_
. ciogavalue (1) = CC & 00 -
seigenvalue (5) == CC AN 00 -

5&‘-; 2 1 £+To 07U oeigenwluc(?)—“% CC _00.
0 - —
1 oo o eigen valut (4) =7 Cc & oo
o5l 17 -3 ' Gt
¢ 58§ a o -e:gcnwlu(g)’-"? CcC 2\ Ll

= je -2ies -2
J o 53ioio 8 e
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% Duality o3 LTT Uystens - 032).

i

fom | 2= ATz+éT ul |
For each primat SijeM ? 5C-=A)(+12U-j i associated with anether dual 5P M’[Z- |

y=Cxeit w=BZ+PU
is 00 oR CC
o If the prima] S\jS}M Is ;oagg;m the dual sﬂsfem is U0 cL ’
?(iw\u\ d,_@_\ f
cc —» 00 |
o0 —» CC

« ON MATLAB® A
>> a=f-t 232 4l5b= (25175 C=11 iT5d=05 ol - .
s> Cc = cbrb(asb) , v=ranK(CC) cirb=
>> if (==)mgl‘h(ﬂ) ’
aUSP (Isﬂs‘f&m s Controlluble )

else ,
kisp( “system is Uncontrollable )

end. o de femines Observability usin%y dmﬁg\'-

>> o= rmK(ci—rb(a’pc’)) | ;
Lph‘ the pl,ua' is £C =>> Then (’n‘ma’ s CC.

>N ro = rani (obSV(ﬂ:C))

— ¥ Qystem Tnvadent :
System Sevec

¢smal-

] Eigenralues of Hecual syster ot ’:L‘“f ;g Ti, 2 duial systemns:
S e pife

s : f’ ot a’SO lﬂ\,N‘M of

zaﬁ:l:h%:w:m:nave the samé T ansfor Famction - (prove'?) -

53] Joth sysTem

’zpjgoﬂl s;;hws have the samé ﬁe‘mg’

X Aern foMfﬂa*IbV’:

-}E-%% oj)?,__/{x+3(/t xef{n;(fléém

(Grdven * =4 Kon ol
Yy=-Cx Y €l

R o~ et cluding v 3eo. valved
_‘!_f;_“zems oe given B9 N ([A-B(C8 J) e;g@mj/nes-
for e'j":'F mz4 5 A=2050

Thea 4he Zeros afe: 9K 0.
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Evomple X Ya \ ':'lx+[o]u sy=[20a1l1X  Find Zeros? [31]
a-gl L
Mote : This sjsfem fc CC since it is on the Controllable Form.

Jution : ]
%Log \(47) = ~1>-5:0 > The Joms ofel - | R -5
.y fo @ 47 = AUB= &

e same sgpton itk €7 e Beres ave: 0 BNV

. olCSg\ OS'?
ExXevcise * 5(:—[30! 317%[' ;’]U\ ) Y- [a' 2’2 ?]X Piad polesier

g -l -6 @

7?9 for

—15-25-%"

S’o\w\'io\ﬂ POIes ot . w'” - e Wo

Exexcise: fc—l‘—l 2 x+hz]u oY= [0 11X 713110( }&’05 ¢

g H | ' |
N '} ¢ C c ECK o mmw&fs bj Ma Iﬂ b or @ Ih&[ﬂifj F
a-le ‘Hm w on ;( } 7£ -)/

Gylntion:  A(AZ)= 5,0 The st we ! 2_

)X(DcSBﬂ USfrlj S‘fﬂfﬁ FECCU)“CK . controller ry g‘j_s_‘ eMCth Hol.
e Considler k:AX.+8M l: ; i
e, wer”

= let n=-KX +¥ be the
S'}a+€; ’FCBJ.boLcK contreller

o

The sj;}ew, with such controlley.

Sbg’rm with stafe )Oeea!bacl(.

(A-gK) wil defermine the 5= Ax+B(r-K%)
Shability of e system = %= (A-BK)x+Br

. Propocties of the controlled sqstem is mow defermined bil’
A-B & not bj A alwe .
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* 0 t
Ch OSM3 a S‘M.J‘}aHg K - ’.
= SSppose A i |

JP in Controllab) e o+ dt %> r 1 ]K +[O]DL
7K~ IK; K] i |

s A‘F}[“: Vo 4 Tx+Br = o 1 " x + Bv
1 0 0 |

oG- oz-Xe ol ~K,
)\_(0(3—'}(3):0
* Suppose =2t 95 ot eigenvalies fo be assigneia_’ﬁw fhe  clost

= will be (Azi-lfA*S)(l-l'B):-'O
R B LIS >euv(r g sus)) = It 3 25 251

_ 13
CE = A7 (oK) 222 gyt
A Leof

Kz—o(g_ =96 => Kz_ -.264'0<2

Gk = )\g-,- 0\124_25}\ +25 ‘E Ki-o, =8 = Ky A+,
Ky -0l =25 = 1K = 26+ %3

53# uastable-
For exoumple:

/'
¢let o\ =0 =,=0 > K=[25 25 9]
G system stable.

xTo checl:

> o\-:.[olo_;a oijo QG]5b=[050511
>> K=12525 915 al=00- bk, eig(ak)
ANS= —2+)

o This Method 7s Quitable when the systemis in the Gutollable Form- Zesicles {
it applles to SIgO D.Lfemg |

%z‘fﬁ Cﬂérmann it MeH«oa( \
Qoesn* (‘e;zwre the Sjcf&m te be in CC ﬂrm
7 et i fas - ;/“ be the &j&dyalucs Fo be asﬂﬁned
Bennsate. GN=(H)0A) - (A
P H=Loo - 1H 8 A2 A .- Az]*;é(A)

%if Hhe ijfam is SISO, Then it has « Um‘gue Feed bacl matriy "K
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ok
[‘; 1 ;L[i* q]u sassign =2%jsh fad K 2 @
: o 2 |
Q‘(AJ:X‘ g P ¥ 2 ['

“""‘j Matla: P8 A+25

i .
ao ;_;o ° 13 4y ,2__(3‘ B:f‘iilil]j
X
o gf""“'{' rat :

(L2 g A2x3] )% TA" 349 xA"2 +25%A +25*858(?ﬂ
AVS. = oo
= 4
Exergice - [qq; % £
._._‘_:{ét’.. @"'V&d:

¢ 945
xX=[-t 2 X-l'["]f/(.
1
'S"almlim: [3 l{]

> AssIgn —!:t_)'Z:c?er'na{ K
BN~ A2 25 +6

10
5 55
49 atoidj the Mu!ﬁp/fcaf/'ﬂrf Yor el obsesve that: WK=1I5 5] H
Example : 3'C=[—‘I 2 X_-r[l]u_,ah;ch has -582L as eigenvalues fno\’icah'ng
SiR] 1

an wastable fj‘hg""’ Heace, o need to choage the eigpmvalues to say -25-3
B0 - (M2 (Me3)= K +5A+6

" =18
. AR+ 5A + 6= Y2220tk 5+IO] I ]
B(AY= A I-cws Ze516 ¢ 18

-

ol =T Z
o s 1 g AL TELE AT A

K=To 1])’10 ﬂ”l[AgﬂA*SI‘,]:[o ”[‘2 IT[IO

0-5 o

-.-;CHECKH 74 2 ‘
K =1 2 3 —-5_( |
A-E [3 J H
il 2-% 1‘
if"”l‘ I ?/ZI |
M) = 6
. trace (A‘EK) = ~BH . deb(A-B ) » )
Lot raf N2 The ocKes o onn’s Metho esn
>> format 14 AR : .
5> K= acker (4>, =2 -21) apP‘j if the osfem s
UnconTrollable .
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M[C.ﬂlod(g):

X
Q;VM E':IS&‘IYM}-WE meHhool : F{_EJ

X= ’ i ;’

a,gc'ﬂ, Ax-'-QL{ xeRni“eRM ¢ 10 aSSl'jm 3\0}‘1)"' An
[A'}".I"’lb&‘ 5B o, | -

@ Keyg T A Ay g 235'&2)@}.: toke #c=1
SRR 1 ) PPN, o

EX@MPIQ )

~Zomple: J’c:)‘;‘f f_]au 11](.( 5 Assign -2,-3  wusing the cymstmMe-ﬂwd?

’q’(1=-2=> [-'.2 RIM=T1e | => &, = :'!i
3 2 M %J

for A=-32 [_, 92 uz—.}(]xi = W= l‘z//o]

FR | | 4o
K= [i IXZ_I/IQ- ._2/[0]_1 _ [_.—L .ﬁ]
6/12 ‘yo < d

>> K= place (a,b,F2 -21)
o K is the same 4 that ptained using AcKetmann’s Mefhaat-
A Fact : for Controllable STSO systems W s uaigue  irrespectie

of the method used -

CHAPTER(10)
X Full = Ocder Obsedver:

Given an observable (sj;fm

inaccesstble -

To e,s‘fllvlaf'e
and the r'npufs of

, e state  owe asumed

%= Ax+Bd 9 Y=CX

' ' Uu+ M"
Hhe chtes we builed an observer which us€&s e onipufs
‘H'xt S sf’em i

.The cbserver s descri bed by: g acthal of ./
Y _ AX y % = observer ol
% - A% +Butke(y -3) %;2he vt

andl the states of the obse/Ves

e schemafic fc,vrese/lfaﬁan of the observer  shawn NEXT PAGE.
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Emv’”e/ﬂ’ )Qegijn an 0bs

e To X
Derive 1 Glaiviis

i
actual. €5 Fmate ,
(ﬁaum‘lab!e" “available”

- o+ &{' % o5 X we should make Hhe efror (€) Seru

T4 con be shown that: |

Li
420( el GLEe the CijMVa!"'ES of A-KeC SJﬂauch €
o0 _
A LHS 0)6 N-plant-
& The olesign J the obsecver bafl?rdawdr;
wheve o Ke i chosen  to specity

xThe AcKermann’s Method  con be adapted
1+ con be shown :

ko astate Feea(bacl‘( oleg'gm problem
sived eigenvalne for the obsewer.

fo the selection o We.

-1

Ke= (A 2}% ] []
el | |

F b design on observer Jeal with € £ fin »
o _5,-H for the ﬁl!awi/l; sysfem s |
hau]ﬂ(. have "{;‘5 as E.l'gcm/aluts.

. Mte s when ot ¥
o over with eigeavalues
jalu‘h'an‘. A-KeC

e ’o'( x +f o U g )\}__}\2_‘_0\14-2.0 FUR |
ﬁ';); ;]]x ZJ =->7C€C(c'—[A2+‘1A+20&1[C€4 l{l-k l% \\

l
>> Ke = (acl(er(a‘,c',fq ‘5]))
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- f :
% Pleioys examp

2 " . e 1 E”
X\'B'e $Y5 Tem is Unsf?ab!es. «stuble sysfem. if e choage A ['2 +3]

Desfjn of mjsfem (&nffa”&f{Kﬁ
U=

KX [ie The. states of Hhe observer [Hbt of the systemt] arE fea[b“K] '

X AX4B(rkR) = Ax-BKFeBr 30 =X-%

x p X=(A-3c)x+8Ke+Br - (1) —
E = (AKeC)E .o (2) o New Pecwite 1188 in Mattic Fo0

" ol LT

i.e the eigenwlues of fhe contrellec systerm (though K) are a:g@nep[ seponitely

)Ecam Hose of the obsewer systew (theaugh Ke) this is Known as:
the Seppention principle”.

So

Example : Given x:B }13“'[7]“ sY =0 27x

-)Qesijn on o bserver with &_'gf/rllfa!M:S '5;’5017€$in a Contolley to 5¢£'
a systom with cigaualues -2~ ?
solutin:  >> A= [o 15-2 315 B=[3215 C= £ 27,

_[-24
>> Ke = (acker(A'sC' F5 "5]))\ = Ke= I ?'5]
5> K= acker (4:8:£2-4]) = K= J10 14]
g~ U Ol
fsFep—=>( )— Z—

————K]

,-n_____—"_"'\-_————”—\_./'\——’
tan Y N

x%%zfj/%fmh/% %

i
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