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2(t) = TLATz(t) + T *Bu(t)

27 Modern Control

2Nl eSS b i 4 33

U U, T U,T | 0
-|-—1-|- 1 T T 1'1 172 m
In { :|[1 2] { T T} {O | }
U2 U21 U2 2 n-m

U,T, =0
{usz . U,AT, =0
217 > |u,B=0
2(t) = T *ATz(t) + T Bu(t)
N\

u U;AT, UAT
TEAT=| *AL )=t 2
U, U,AT, U,AT,

UlATl UlATZ _ Aﬂil AﬂiZ , Ul B= UlB
U,AT, U,AT,| | 0 A, u, 0

28 Modern Control

Modern Control



15

SHN

z(t)zﬁi;1 A‘:ﬂz(t){ﬂu(t)
2

SO(A L) 1y JyS sl oge

Sg(A )1 2Nl Jes b oge

7S JShgls &9

Al il 236 J S saoge ;ST ok gS 2 Ik 1 e

29 Modern Control
3 el ks aims 2l ilaa =Y o= Jli
-
° v =% \
X(O= | v = NV X+ | V] ou(n)
o \ —F .
Pawiile g ol s )28 Sl
Voo -§
d=] 1 v -y
s \ -3
ey s, ‘_;Ll}b:_- ..L-.;-.L_-;a’.;i.él;_l;m. P - 14 oY ‘5.,__‘1,:_! X3 i o La Ly
30

Modern Control

Modern Control



16

\ o
e= \ e.= |
o \

TP U U TS P PR SO SO | P U TS W S

o4

et B e i L e e s e LS8 p el o lad gl ety

=

Yoo | [ o
T= Vv (Y s T = e \
I I -y =)

ol

T AT= \ -0 A «T'B= ] »

Jlwo aclol
Al = A= Alyy==\

h'y= [ o |7

-.:—Lj ;..:J'_ﬁ-o.A A=Y -7 ;Ii .J.:..-JL:...'— AS:J_(»I Ay e:_:“g “J‘AL;-‘ i.;_'__iJ [‘._.:;5 LSLG,:M ':J':—]J‘-:L:’:

A

Mol ke [AY 1, D] e i d 28 e 5l ol -V e BT RS

L dal s
. ol

JUCT RPN IS R UL B GNP P I IO RV T JEX SN

32 Modern Control

Modern Control



17

MATLAB 1581 p il oobicuasl b g 1y J 5 my 2

* M-file

ctrb

rank

jordan

minrea

ssdata

ctrbf

33 Modern Control

GrN 09
=95 oudlico 3l solisw! b cdl> (old yuiso ot ©

Wy
ol) Sulp y2 ly S1uasuss <l pdy Cud) MolS 1) (oot
y(t;tg, X, U) = Y(t;tg, X5, 1) a5 ol diwld S99 dguxo Tl

@yl bl Xg=X o a5 0 Ol 1p<t<ty g U(t) 2 sl
Oloslic jl eolawl b1y adgl cdls gl 1o colod ylgn SO0
WSg0d dawlxo dguzmo ylo) j0 s 95

SR Cudy b (ygo3l

Sy cady il VY

34 Modern Control PBH 09‘}‘ v
95> b kB 0,8 3l oolaiw! V1

Modern Control



18

M e 9
3 LA XD
R S R LT A e = Yo e

(0 [

2.(1)
z(n)

1]

()

o
|
-

o=  al ’m‘*-’:[

zr(r)

T
f20e) (o) | I3l ol o o L O --SUNVT S BT

gL -
Bl

Y(n)=z\()+az,(t)=e" 2 o) Fae " zo(e)

35 Modern Control

GPEN gy o Pl (ygo )]

ek Cos) e Fely

y(tity.x,,0)=0 ty<t<t;, = x,=0

Vi, 3t <o st Celx =0 ty<t <t

}

2 3
5 (f =T [—f
[C‘+CA(r—r0)+CH‘( 2!0) +CAS( 8‘0) +-- =0 to <t <t
)
o, =[cT ©aF (@€ - @]
36 Modern Control

Modern Control



19

~
.

SRN Cuay o Pl (ygo)l

48 (Spio il o 315 09z ably (@Bl G yile cpl 45, STV
Cx,=0 Cdx,=0 - Cd"'x,=0

AT 1 5 {ae
I pds Sugy b A8 LS

5 bl JalS e ile ol 4, STV

y(t)=Ce*x =0 ty <t <t

!
v(,)=Cx,=0

¥ '(t,) =CAx,=0
y (t,)=CA°xy=0

3 ") =C4"x =0

37 =®,x,=0=x,=0
. w & o . Rt
Srdy gy o il Gge)!
T
y(t)=Ce* 0y (r0)+jCe"("r}Bu(r)dr
0]
|
V(g x )=y (tity. X o) fo =f =1,
|
Ce*®x =Ce**x =0 o<t <t
Ce* "™ [x —x,]=0 ty<t <t
l
38

Modern Control



20

3 7 ol Sl iy iy Sl |

SR gy oyl
x(t) = AX(t) + Bu(t)
y(t) = Cx(t)

Db JolS (6 dy Cugy e Plo any 5T Ladd
C
CA
b = . : full Rank

C An—l

39 Modern Control
SRN C9gy oyl
YN M_2) Jto
x(t)=| 0 0 1 [x(t)
-1 -2 -1

yt)=[1 1 0]x(t)

1 1 O
— ®,={0 1 1| — det(®,)=1#0— @, : full rank
-1 -2 0
] 10y 03 s AR 5O
40 Modern Control

Modern Control



21

GPN Cugy Pl

0 1 0 Jus
%(t) = [_6 _5} X(t) + M u(t)

y(t)=[2 1]x()

o |2 1
o= g 3| — de(@,)=0

el sy Uy § ) i 435 50

41 Modern Control

2Ol Cog) b pimaw 4 3

{X(t):AX(t) —_— P, = C — p(p,)=m<n
(D) = Cx(t) p
v

v
—> U= Cfullrank . Z(t) =Ux(t)
U,

2(t) =UAU "z(t)
y(t) =CU z(t)

42 Modern Control

Modern Control



22

2alb oy b piwaw 4 325

U2
u, T, U,T I 0
U2Tl U2T2 0 In—m
U2T1:0

. _ -1_ U, _ UATy U, AT, _ A, O
{z(t)=UAU 7(t) _}UAU {UJA[E T2]{UZATl UZATJ{Agl A,

Al
y(t) = CU (1) cu?=c[f, T,]=[CT, Ch]=[C 0]

43 Modern Control

|

SrN Cuyy JBLgl O yeo

. A 0
t) = t
2(t) { 3 Aéjz()

y(t)=[C{ 0]z(t)

Bg(A) ! pdycudy b oge
Bg(A ) »abcuy) b oge

1y 2
DSl Il el Cudy oge 5T sy g8y dy HISCET 1) e

44 Modern Control

Modern Control



23

(M_3) JLw

:{:I J:._’d_l_:;; f':—*‘ L;a‘-_,‘.i- k] i el -V PV L,Ib

o A @
x(r)= ° T A x()+ | ¥ | u()
o - @ ]
ye)=[e g V[x(7)

:.'I ;.\....‘.:.n,l.‘_:’ At n_J'—1 [_Q-,.u_:ﬁ_;l;-_;)_; .__:,—.:'__‘JI-A

s ® \
q>9= ° =% &
o =¥ =\
45 Modern Control

; Jlie dnls!

ol

e

46 E

Modern Control



24

Je

e IT D SRR RO JCEN P IICHN N FPRER VAR T | P

Ml gpdicn )

-\ e °
X(n= o ey X(7)
Yoi-y ooy

yin= [ e o Jx(1)

-\5!-.5)1.: (rr=f-) Joles i

.JJL:JQ_,{J.;LSJK_HMI.L[ s Sl G il sl S 1l 51

a7 Modern Control

«5‘“5 LY W @@so
iy pr

{xa) = AX(t) + Bu(t) X(t) = ATX(t) + CTu(t)
y(t) = Cx(t) T lyo =8

U .

e Sug, Ml BT (B S kaid g S oy i Ml s

ey SRSl ST B g ST ab g S ks o) MolS s I

el ST ST g0 SV hasd 5 ST oy o)l s

ek el o (Bgo SN ki 5 51 oy ()08 s IV

48 Modern Control

Modern Control



25

U G JyS 9 2955 Gy JS

JrsS 6y BB b G Llg ey byd SO el gy J S
ol (5955 (SN

1Ry i
Sodlo jud )10 3 S (g ST Wl (2955 JAES ) e SO

V(1) 2l =955 s 4ty Y(tp) adsl o>9,5 45 cdl oLz 1Hu(t)
ol Jastg<t<t] sguzme yloj yo

LT 95 SRy JpeS byl

X(t) = AX(t) + Bu(t)
y(t) = Cx(t) + Du(t)
®o=[CB CAB - CA™B D]: full rank

49 Modern Control

Jte

d T
10 1Q

O;
=

!
4]
e

L(r)=-x(1)
Y()=u(r) i e i i

50 Modern Control

Modern Control



26

ol ko 'C,':IJ gV __L.,.:_,'si. ‘,L,' PR T i CO- PR T ] o P — =Yr-r Ji J

ol ol s
Al
54\
G(s)= .

S

_',J'_TJ';T;{._;..:_,‘;?—J‘;‘-_; sl oYl
X ==x(n)+u(n

¥iil) = x(r)

'aJ.._‘..._:Jh,J-J‘.i—(‘:J.'_:_.'—'s_;S::‘»;...- L.ECA;:I)J;.JL:-J,.;S',._%;J‘_(W

wij(d,) =45, =Y

LU0y 9 1 ot Juwd U poled g g J S el Jaw

=U Gy Jys

&0 59909

1Ry g
Pl (2l gy J 6 ) o S

‘;‘?3).‘5 oy =< $°9)9 Slowy s
wioly Jol5' Jyaad 2ol us o i o

Modern Control

Modern Control



27

Jbe

ol &l g fiF b o 7l - VY L

Y )

s+ 5+
G(s)= §+\ v
' L T
LR AR o

REEERC K SUNCIN P CRRR T JE-L PRI P I T gt C P S (C R TP

ol NIRRT

- =
-r . rov

x(N= Voo=f e e x(f)+ VT u(r)
o ° -4 i \
- \ \

o= = = s x(1)

53

- M | |
RGO LI | T g il
- Javz

MATLAB 1330 s 331 oolisw! b gy gy oy

* M-file by

Rank

Jordan

Minreal

Ssdata

obsvf

54 Modern Control

Modern Control



)

ad
u'/'.:JH’. KA

&S yid J 35S (S iy

Lecture 5

$ixS (5 )95

40 A0

Jod @b puled —
el sl Giules —

P yb 5 el 5 Wbl ,R0S JoSo ialed 90 2l sl o3 ©
J S W

Transfer Function l State Space

2 Modern Control

Modern Control



4o M0

o Jlgw g0 @

ool 8,8 & pamio Jsoud @iled gl el gLad Lioles LT —

0y 0ST L 0y 51 18 g STl 3y 3o Jrowd @b S
Al
3 Modern Control
A , 3 do IS0
G(s)=G(s)+ IiImG(s)=G(s)+ D
S—
X = AX+ Bu
y =Cx
X = Ax+ Bu
y=Cx+ Du
G(s): proper — D=1imG(s)#0
—>

G(s): Strictly Proper —— D=0

4 Modern Control

Modern Control



:Jlo

G(s) = 2s+1 p- S'L"O\OG(s) .,
S+2
G(s)=G(s)-D=—— — SS(AB.C)=?
S+2
¢ eaw! ,:L.\S b cdl> glad i ®
(2l lS) Jlows o0 Bizs —
i Modern Control

40 A0

2 JpS B STl Jloos oo hos @b Bhow iawad o
Sl e Cag) g

;51 L g ST el Jlows oo oS mbi 3aou tawad @

det(sl — A), Cadj(sl — A)B: Relative Prime

Gasler Jood b bod @b Gl Jloss (oo B85 g0 1aa8
il g e o2 @

6 Modern Control

Modern Control



93> S (6999 S b o Gl
o G e ®

ouisS JyiS JWigils @iz @
Srdy JyeS JSgils gl @

gy JBLgl i
Gy gy JBSgl 3ix o

Silge 9 syw sl G ©

Modern Control

o ..sJ}ﬁJl&é?u o .
&(9 bs) _ byys"+--+bs+hy

Ca(®  sh+a, St rasta,

Y(s)= @D (s)=b(s)a (sU(s)
a _ y

(s) N
S(s)

=Y (s)=b(s)&(s)
Du(t)=E"(t)+a, &7 @)+ +a c(t)
V() =b, &) 4D, & (1) +--+D &)

Define:
x,(0) = £, () =E(0). %, ()= £ 0)

Modern Control



o 005 J};;S Jl&s&;ls o o* .

Then: é(s) _ b(s) _ bn_lsn_1+"'+b15+b0

X,(B)=x,() a(s) s"+a, S"t+--+as+a,
X,(1) =x;(@)

X,@)=—a, x,t)—--—ax,({t)—ayc,(t)+u(t)
y(@)=b, x,E)+b, x, )+ +byx,(1)

L

1 0
0
x(@)=| ° x(t)+ 7 u@)
0 0 0o - 1 0
—ay — — - Gy | | 1]

®  y@®)=[by b, by - b]x)

o ¢¢s J}.‘.‘;S Jl.&:.;e.;ls o o* .

Sl g dy ]S 0ylged cuidS oS JBoglS gixy ©

0O : 01
: 01 *
D, = .|+ full rank
01 * :
l * *

3 A 3 o B> pae by &4 045 S, JISigils 3
Gl 3y Sy B0 s b

10 Modern Control

Modern Control



S5 JBaiglls 3o

Y(s)= @D (s)=b(s)a™ (s U (5)
a(s) \__Y__;
£6)

.
f/{
/

>
E(s)=sT"U(s)—a, ;s E(s)—---—ays " E(s)

0 0 —, b,
—a, b,
—_— :;(r):_ x(t)+| o |u()
000 - —a, b,
_0 Gy | _bn—l |
1 v@)=[0 0 0 1]x @)

in3) JISigls 3o

oS i YIS 3 593 fRing) JUigls 3 @

00 0 —a, by, 0o 1 0 0 0
-a, B, 0o 0 1 —— 0 0f
MO E ()] 1 |ty x@)=| : x(6)+ @
000 - -a,_, b, ., o 0 0 - 1 0
00 0 -o-a, b, —a, —a, —a, - G, l_i
yve)=[o 0 0 - 1]x@) y@®)=[by b b, - b]x@)

g0 5O 9 Sl s Cudy 0ylged 05, JBLgls Fixs o

12 Modern Control

Modern Control



SHN 0y JBLigl Gl

0 1 0 - 0 Boa |
0o 0 1 0 B
st =| : 0 |xt+| @ |u

0 0 0 1 ﬁl

"8 —& —& - 8] B |

yt)=[1 0 0 - O]x(t)

13 Modern Control

SRM Cugy JBEgl Fixs

ol pdy Cogyoyleed o pdy Cugy JBGel ghxi @

)é«,«k;ég).éao RS P O ygeo o ‘5}1;\_; w;) J&«-’ylf v e
SRy JrS wyile) 391 ablgs 1 pdy J S Bl Jood @b
(! SO oyl ylod

14 Modern Control

Modern Control



Srd J S JBsgl gi

00 0 - -a 1
100 0 -a 0
xt)=]: 1 PoxE)+] ¢ lu()
00 - 0 -a, 0
0 : 1 -a,,| 0

YO =[Soa Loz = B So]X®)

.CﬁM)‘ )ia.’g) J&';S';U é_h_z_? Olfﬂ‘b ‘5)_,’&_2 J}w J&g-;};ls wu_ v o

Wygeo 33 g Sl pdy J 505 0)lged iy [0S JBSSL G o
Sl (o0 3y Cu gy Hbloe b @b 0 dad g o Bi> pus

15 Modern Control

Jto
$?+1
$?+68% +11s+5

0 1 0 0
xt)=| 0 0 1 |x)+|0|u(t)
5 -11 -6 1

yt)=[1 0 1|x(t)

0 0 -5 1
Xt)={1 0 -11|x(t)+]|O0|u(t)

01 -6 1
y(t):[O 0 1]x(t)

G(s) =

oSy JKuigils’ iz o

Sins) JISiglls i o

16 Modern Control

Modern Control



Jlwo aclol
$+1

G(s) =
) s?+65% +11s+5

'Sy 3y JBS g Ghxi ¢

0 1 0 1 1 0 0]'1] [1
xt)=| 0 0 1 |xt)+|-6|ut), 6 1 0 -6
5 _11 -6 26 11 6 1| |1| |26

y(t)=[1 0 0O]x(t)

0 0 -5 1
xt)=|1 0 —11|x@)+|0|u)

01 -6 0
yt)=[1 -6 26]x(t)

@iy J S gl i o

17 Modern Control

(JLO)-; oo o0 ..) 6)*0 9 6}‘9.0 ‘SLQ o 00 .
b(s)  byyS"+--+bsthy

é(s): n n-1
a(s) s"+a, "+ +as+a,

bs) _\~_0_<nhe
FERY T Y,

i=1 i=1
4 0 0 by

z(t)=1 0 . 0 |z(t)+| : |u(®)
0 0 4, b,

yt)=[c - ¢ ]zt)

18 Modern Control

Modern Control



10

(JLO).S . ** ..) ‘S)M 9 ‘5),‘9.0 ‘Su . ** .

1 f

19 S i Syl SLav-F |52

Jto
s+l _ -1 2
s®+5s+6 S+2 s+3

, -2 0 -1
X(t) = { 0 _3} X(t) +[ 1 }u(t)

yt)=[1 2]x(t)

G(s) =

) -2 0 1
X(t) = { 0 _3} X(t) + L/E} u(t)
yO =[-1 V2]t

20 Modern Control

Modern Control



11

’0’0

N [y . - _ N
N S s B Y- Jls

A ST Ay
gs) = ———
FAYS e+ D

r';Jl‘]'.".—J_,“"'leJg(S) _5-7}-"' leu'mafhl\-ﬂlsd.* ;“._;J o =Y _’._!li'fjl ER—— _-| F

oL M4

¥ ¥

- RS S SR
SEAV+Y) s+ =Y 541

(&}

bl W i = . | e
Ahbee e W ayls 255 50 Bliien has s b etens? dies o Ol LS st

1“""5-" e pil g s Lo le Sy -

; S+ |
HY) = =———— +
8e) R ) R

bl Dhle o LSl 7 s Gise <61 o el oLl sl 5 b S

21 Modern Control

Jlo

e e e R e D
bl o S aslizd

XS g2 5 Jias b - E-¥ Jl

st es N
g(i) T s .
STHOS AT

PO I Sy PO N e G B

-\ \ v
i(5) = —— + Sep—
&) SHY O (s+Y) s+

22

Modern Control



Cda =Y o I_;J'LS.T.__...'AS)—\ ):%Mliﬁbwjzcag-bubjl&l@cbiJ
L bl sl 0 803 S Sy 4 Jidd b b el gldd iy Al

1 o et L e: 1ee _ [ .
b el s la 2 G Sl o _J..slf:m =T pokilog ySeaay

x(N=

yn=1rx

e 2l b iy Wi O 53 a8 el Fi o e b o pbal G
S P sl als L.l_:'J\.: tt L: AJ'MJ 5[;.
bis) _ _ sTHwsty
a(s) DR AR TR
2S5y 5 Do 333 S8 4 OlE
b(s) _ _s+r s+¥
afs) AR S0 S
23 L
bis) _ s'+vs+iy

a(s) STHYIHL s+
P IS Gt cplanil e 5y o Sl 2y o s |, kAl S

Ry ~
4

Jﬁd.-..-..u}.-

24

Modern Control

Modern Control



13

o Gz ulo (gusilod Jyod

9(A1,B1,C)) o glad @iz 95 (S) Joow b (gl el
Gkilod Jowd by lgi (o0 1) oSy 5o 4> 0 51(A,,B,,C))

151 0903 o mp 4 (50,8 4 pasio

det(sl-A,)= det(sl -A,) *

T=

{Xl =Tx,

D (A, B)D (A, B,)

{Xl =Tx,
T=0,'(Cy, A)Do(Cy. A)

bl pwdy J S G 90 S

Al iy ) GBS 50

25 Modern Control
(9P e (699)9 S b e Fi
() e
a(9) N :SIMO (slo poiurmw Gixi
N,(s) 1 | by(9) ~ -
G(s) =| a(s) |=——| °. B(s) =hn S "+ +hys+hy
: as)| a(s)=s"+a, ;S T+ +as+a
n.(9) b (8)
L an(S) |
S 58 SISl g 4 3
0 1 0 0
0 O 1 0 : 0
X(t) = 0 [x(®)+]|: |u(t)
0 0 0 1 0
=% & —& - T8y 1
b By by,
yo=| " T P
26 : : : Modern Control
[P0 Pro - Bims

Modern Control



14

Jte

gl sty 5 L b oS 2SS G S —F - ¥ Jla

1
ETH )5+ 1) |
s

il_(.H- \s+Y)

Gis)=

o Fpt (T=0-F) lalae paoi sl o pma fy Las @b

5+ Y
Gs)= VETHEEFN)(E+Y)
| s+
wisla (F-0-F) 5 (r-0-7) laadslas 5l 11
bo(s)=s+7
bo(s)=5"+5
AF)=(5"HVEH VI TI=T T T e y

Ao o (V=0-%) glaalalas il

{ S0 _‘ [ }
a ° ] 3 a TV e a
A= b= C.= { :|

= N oe oy

S99 W= (6999 W B e GAxT
:MISO b picvcw G425

_ ny(s) nm(s) _ 1 I
G(s)—{ai(s) am(s)} rLCIELNC)

B(8)=hn48" " +--+bys+hg
a(s)=s"+a, ;S"+--+as+a,
0SS oS JKG gl W ygue a 3h

00 0 - —
1000 o by By By
=i 1 Exy+ bfl bfl b"‘l u(t)
00 0 s, P :

0 : 1 -a,, b_Ln—l bZn—l bmn—l

yt)=[0 0 - 0 1x(1)

28 Modern Control

Modern Control



15

203,01 ey, 13 oS 5 K25, S IS s V=¥ Sl Jte

Gls)=| ~ — XY
] s (v )+

o B g0 (V== ) ol o el sshy s s |y L C:L‘ [zl
Gr)=[(x+)E+7) sEE]E"E+H )+

23 LV T=0-F) 5 (V1-0-¥) Volae 3 ol
by(S)=s"+vs5+Y
be(s)=s"+vs"
a(s)=sT+rsT+1s"
dars e (V0-0-F) SNolaa ol il

e a @ @ T

A= | I P v .
SR W=y vy
o Vv o-y - 4
29
C =|e @ ° '||
o glad Jow 5l howd @b 5Ll
G(s)=C(sl - A B+D=cE A g 5
det(sl — A)
30 Modern Control

Modern Control



)

ad

&S yid J 35S (S iy

Lecture 7

ol CS3u8 A 0348 S Ao

40 A0

sl &5l b Al b o9 oo blr b > Sugd @
el b 3l 0olitas! b gl S1b s (530w 5k 3

Gcl (S) =

s+k -1

2 Modern Control

Modern Control



*

Root Locus
4
Al
Al
!
ES
<
£ o
g
E
(s)_ l
s°—s+k-1
-0.1 0 0.1 0.2 0.3 04 05 0.6 07 0.8 0.9
Real Axis

D105 5929 ol U8 L Y A jo ot (5 3Lwslauly (Sl @

3 Modern Control

*e

1
s+ (k,—Ds+k,-1

Gy ()=

4 . Moderp Control

Modern Control



1

Ga(o)=g7 (k -Ds+k, -1

o (6 3wyl (ol Cdl> (gla puiio a3 ooliiw! b azs jo ¢
5,10 3524

5 Modern Control

o’

Ao A0

> gLas 53 padlS olas yaliws wlul 3 ol ovalive ©

B 9 Cowl 38290 i Sl 510 1 0 pitienw (5l OleMb!  colod
Sl b o )0 T (o0 Coway il Gieo 3 (29,5 3l 4z
g G plowil B Sl Soud b 4zl j0 090 (o0 Bl 5o

ol (Sl Cawd 5 (650 b9y gR

6 Modern Control

Modern Control



SISO b i o Sl SHuud

b(s) byt +hs+by X(t) = AX(t) + Bu(t)
a9 s'+a S t4-orasta, () =Cx(t)

G(s) =

3 4l piamens duaiine dolzo ®
a(s)=det(sl —A)=s"+a, ;" +---+aS+a,
ioglho dasio dolo ©

a(s)=s"+a, ;S"+ s+

7 Modern Control

SISO b i o Sl SHuud

el SGuud e

u(t) =—kx(t)  k=[k
|
X(t) = (A— BK)X(t)
y(t) = Cx(t)

a, (s) = det(sl — A+ BK) = a(9) g ddls> dasino dolzo @

8 Modern Control

Modern Control



3 o slos BE)= V8T s U e glai Giaw ~Y-F Jla

® A -
x(1)= [ ] x(r)+ [ :It((:)
. . \

yo=1v <1x0 .
3o b o pllas daimts dalas izt (-1 2V /FAE) st gl gl i
als)=(s+\jV[T1¥) (711 [EAY)
=5 HIstr
o il Sl
u(t)=-kx(1)
3 eyl i 4l ,I-E—_--Ji-‘-'[k‘ k) 2 8

0 \ .
()= l: } x(O)+ [ } [k, ks Jx(1)
. . A

a,(5)=5"+ks+k,

iy

9 ety e Sk e Sl a(0) Ly (S) 313 3 S plee
k=[r ¥]

Jbe

Sl 0 o s B (So9

hguS— e b9y ©
ool hey ®
oS 58 JglS o5 31 oolisel o

lygaS— s b9y ®

a, (s) = det(sl — A+ Bk) = det[(sl “A)(I +(sl —A)t Bk)]
=det(sl — A)det(l + (sl — A)1Bk)
=a(s) [1+ k(sl — A)—ls]

a. (s)—a(s) = a(s)k(sl —A)'B

10 Modern Control

Modern Control



Modern Control

g5 —m W99

SN+ 8" (A+a, 1)+ (A% +a, Ata, )+

a(s)—a(s) =a(s)k B
a(s)
g —8,; =kB
. a8, =k(A+a,,41)B
3= 8y 3 =K(A® +a, 1 A+a, ,1)B
> a-a=ko¥ — k=(a-a)v o
11 Modern Control

g5 — o 09

e 25 ©
355 Sl |y ond eols Gixi o319 polie ylgi (oo cdl> SGus b
Iy Sl SGusd oy Hlop g il Cdl> iy ] s 51 idd o )5
10g) Cawd Ay g yguo dlygaS 9 (g akly 3l lgs (o0

k=(a-a)¥ ‘ot

(1 0O 0 - O]

a, 1 0 - 0
Yi=lay, 8y

: : .1 0

L& & @y 1

12 Modern Control




k=[0 - 0 1o a(A) =g a(A) o5 ey
For a =3

| =1

A =A-bk

A2 =(A-bk)? = A2~ Abk —bkA
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u(t) = —k(t)

Modern Control

Modern Control



505 Saolizs ©Yolao

Observer — X(t)
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07 ) Y-V JLw
0.6 |
1.5
0.5 ‘\
; § o1 1
0.4 4 \
\
0.5 -~ = 1
0.3 ] /
0.2 - - 0 - -
0 20 40 60 0 20 40 60
8 20 —| real state

— - estimated state

6 1 15 1
4 1 10 1
<
x
2 1 5 —— 1
/ 1

x3

0 4 0
2 . . 5 . .
0 20 40 60 0 20 40 60
23 Modern Control

(Rugy b adl SGud) (Swolu jlidl s (ol

{ X(t) = AX(t) + Bu(t)
y(t) =Cx(t)

u(t) = —kx(t) . u(t) = k()

{i(t) = AX(t) + Bu(t) + L[ y(t) - CX(t)]
y(t) = Cx(t)

" X(t) =[A-LC-BK]X(t) + Ly(t)
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Soobio s jludl o ol ,SLs Sgly

X () “f.4 _BK me}
,\;:(r) LC A-LC-BK || x(t)
e)=x)-x(t) =e)=(d-LCe()
= x(t)=(4 —BK)x (t)+BKe(r)

lime (1) =0 =x(t)=[4~BK [ ()

“a v

2 S+ Sug) (2 hb e w ile ol
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Srd gl Lol

I 0
_ o 7

J‘:(f) _{A -BK }

X LC A-LC-BK ||+
*(t) * ) razf 0
I -
- x (@) {A -BK  BK Mx(r)}
é(r) 0 A-LC || e(t)
sl —A4 +BK BK
= det =
{ 0 sl —A +LC}
det(sI] —A4 + BK )det(s] —A +LC)
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-V e

Jie gl A=F o 2o B0 B ly A-F Jle 53 0l el piene —F-Y JUs
o g S el Sl S b gl il 8 i e 0 AFTI-16 glaul o
S s S ezl (ln iz il 8033 o s 53 3 E(0) 5 5 03N 2 0 L uiJie
sl widl ol g2 S g e O sl JalS 4 e Sy bl S
yio= s s e]xlr)

it 45 3 5 g 0303 DA Sl a8y 23y 9 Sy S sla sle S L
by oo S b i 4 il gl (515 45 s wid plyms by pdid 28
S A 10,8 V0 | B3 sl ws gama 5 (-1, -0 0, -1
el i el

K =[0.7858 -8.4367 -3.2430 -0.6601]
L =[19.9397 -32.5503 -34.0721 -1.5349]
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-V e

0.8
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x1
-
x2

0.4
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1 ‘ s . 0.2
0

1 0.2

real state

0.1 .
— — estimated state

ol

-0.1

x3
x4

0.2(|
0.3
0.4
odern Cont
0.5

10 15 20

29

gy b adle Souwd) (Sawolud sl 2k
(a8l s 4 o

¥ () =Ax (1) +Bu ()
y()=Cx ()
u(t)=—Kx (1)
z(@)=Dz (t)+Ru@)+Ty (t)
=x(1)=Fy )+ Fz (1)
u(t)=—Kx(t)
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31

Inertial Navigation System

. e &\
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»
) /
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Inertial Navigation System

a e
. vector
Wz
dx an
3 dy Axis ae
accelerometers transform
az aV

Modern Control

‘Gy

‘Standard’
I.N. equation
as per
gimballed syst

Modern Control

33
Inertial Navigation System
Compute
LR
A 2 o
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