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{y(t) = Cx(t) + Du(t)
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X(t) = AX(t) + Bu(t)
y(t) = Cx(t) + Du(t)
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Tz(t) = ATz(t) + Bu(t)
y(t) = CTz(t) + Du(t)

2(t) = TTATz(t) + T *Bu(t)
y(t) = CTz(t) + Du(t)
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X(t) = a,B+a,AB+a,A°B+:-- where, x(t) € %"

In the other hand A, AB, A’B, ..., A"B,...e R"

— AB=y,B+,AB+y,AB+---+y, ,A"'B

— A"B=y,AB+y,AB+y,AB+---+y, ,A'B
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X(t) € span{B, AB, A°B, .., A"'B}

— Controllability Condiotn: | B, AB, A’B,..., A™'B]: full Rank
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0= Ax(w0) + Bu(x)
{y(oo) =CX(0) =T X(t) = A[X(t) — X(0) |+ B[u(t) — u(0)]
{)‘((t) = AX(t) + Bu(t) - {y(t) —1 = C[x(t) - x(=0)]
y(t) = Cx(t) !
X'(t) = AX'(t) + Bu'(t)
{y’(t) =CX(t)

28 Modern Control

Modern Control



15

5 Lol 3l e Gy 31 o0liian] b 0y imnns (> 50

{)’('(t) = AX'(t)+ BU'(t)
y'(t) = CX'(t)
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7 Modern Control

gy (Sl Yol
&) = Ae(t)+(A- LC—A)x(t)+(B— é)u(t)

P et) slas as wis )5 ol ol canl o ¥ b s ylo
(59939 9 Sl a4l 3| Sl 9 (wilxo job 4y b gy (Saoliud
PO puo

5=8 At) = Aelt
Ao A_LC &(t) = Ae(t)

A=A—LC 45 3,5 cyuni gl 4% as L a5 vy o yli5 4y o3V 1N
alod o phuo oo 4 €(1) Uas G oy 5l

8 Modern Control

Modern Control



) (Seolos Yol
det 21 —(A-LC)]=det| 21 -(AT-CTLT) |

PN Cagy KNugy b (SU g pi¥ byl (B g0 anad wlal ye
| (oiiihiatd) (*9 D g

0 ;0 i lo Ao sl 31 yled oo L (g yilo duwlo jobico 4y @
a5 s w0l b Sg0d ool Cdl> SHuus

T
k—>L LT:((Y_a)\P—lq);T
A AT
5 CT L'=[0 - 0 1d; a(A")
%
9 Modern Control

AR plSle Seb

X(t) = AX(t) + Bu(t) + Ly(t)

{@: B —  X(t) = AR(t) + But) + L[ y(t) -C(t) ]
A=A-LC

L Aa | Y0

=+

L0
;s ¥{(t) = Cx(r)
W, g J Nl c >

10 Ll :
L} [

=
R A L L LR R LTt bl bt

Modern Control



Jle
—-0.0507 -3.861 0 -9.81 0
. —0.00117 -0.5164 1 0 -0.0717
X(t) = X(t) +
—0.000129 -0.000129 -0.4932 0 -1.645
0 1 0 0 0
yt)=[1 0 0 O]x(t)
x(0)=[0 1 0 1]
X(0)=[0 0 0 0]
11 Modern Control
JLlo
0 3
-50
-100
-150
0 2 4 6 6
6 4
4 3
Q 2 s 2 P
o—\- — 1
-2 0
0 2 4 6 0 2 4 6

12 Modern Control

Modern Control



adly fals 4 5o 5o K23,

Job A yo sla g,y
5 g A8l el ad o sba Sy,

X(t) = Ax(t)+ Bu(t) —— minput
y(t) = Cx(t) — | output

z(t) = Lx(t) — L: n=Ixn

2D el gl i b oSy

13 Modern Control

Bl pals 4 yo s KU,
P yegd a8l pals ad o K09, cdls glad Sowlyo doleo®
2(t) = Dz(t) + Ru(t) + Ty(t)

oyl et) = z(t) - LX(1)

&(t) = 2(t) — Lx(t) = Dz(t) + Ru(t) + Ty(t) — LAX(t) - LBu(t)
—  &(t) = Z(t) - LX(t) = Dz(t) + TCx(t) — LAX(t) +(R—LB)u(t)

—>  Z(t)— Lx(t) = Dz(t) +[TC - LA] x(t) + (R— LB)u(t)

14 Modern Control

Modern Control



15

aBL alS ad po sl 5003,

2(t) - Lx(t) = Dz(t) +[TC — LA] x(t) + (R-LB)u(t)
s o

R=LB
- b .“.’.‘ b & ﬁ
Gl oials byl {TC_LAz—DL—>LA—DL:TC

—>  Z(t)-Lx(t) = Dz(t) - Lx(t)]

— () - Lx(t) =™ [2(0) - Lx(0)]
Uas ol Jouo & 5 0SS (yani

Modern Control

16

a8l SalS 4 po sl s 5
[y(t) |Cl.

N

<1 o [CTy®] y(t)
_J_ If full rank  — X(t)—[J [Z(t)}—[ﬁ FZ][z(t)}

C
> [Fl FZ]{JZIn — FRC+FRL=1,

Modern Control

Modern Control



sl LS 4 po 5S35

2 g et
D: diagona withn-| eignvalue 359y 0 b i Loy
Q: whereCQ=[0,,, || tojgl Jawd e Flo awlxo (1)
C o il SoS&

LQ= [I n—I I-n—I | :|
_ A, A 2 7o SS&i ()
A=Q1AQ:P1 ﬁz} o

Sl R9; 1o s Lo (e

LA-DL-TC - LQ(Q'AQ)-D(LQ)=T(CQ)

17 Modern Control

Modern Control

a8l gl ad o sba 59,
b Joyer

K09y e i ylo e

LQ(QflAQ)— D(LQ)=T(CQ) — fizEI LA, —EDL ]_QTl
—| "'n-1 n-I,|

R=LB

)

18 Modern Control




10

axdly GlS ad po K513 Tok oS4

i F z j i ++ T
D i
[F, |
LT_' ______________________
aily e ai e Sy
19 Modern Control
- - - - Y-V Jlw
0 1 0 0 0 v VJ
0O O -0.1536 O 0.9233
A: B:
0O O 0 1 0
0 0 48266 0 | —0.4473
1 00O
C=
0 010
-10 0 |
(1) D: diagona withn-I eignvue — D= 0 -10
[0 0 1 O]
(2) Q: C*Q=[0 I] — o 1000
10001
20 Modern Control _O 1 0 O_

Modern Control



11

- Y-V Jlw
" —1 A.l A&.Z
(3 A=Q AQ—{ = } _ _
RN 0 0 0 —0.1536
Ao 0 0 0 48266
1100 0
010 0

4 '511"' E'Zm =D — C {—10 0 :|

(5) A, +LAy,-DL=T T 100 -0.1536
| 0 -95.1734

21 Modern Control

Y-V Jls
© L=[lny LoyJo* — |01 00
0 0 -10 1
0.9233
(7) R=LB —  R=
04473
1 0 00
C—l
® [F Fz]{ } |10 0 I
L 1= 2=
0 1 00
0 10 01

22 Modern Control

Modern Control



12

o7 , 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 ] 15 ]
4 ] 10 ]
<
x
2 ] 5 — ]
/ i

x3

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

(Rugy b adl Shud) (Swolud jlidl s (ol

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

u(t) = —kx(t) . u(t) = k()

{)A((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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K =[0.7858 -8.4367 -3.2430 -0.6601]
L =[19.9397 -32.5503 -34.0721 -1.5349]
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x (1) =Ax (1) +Bu ()
¥ () =Cx ()
u(t)=—Kx (1)
z(@)=Dz (t)+Ru@)+Ty (t)
=x(1)=Fy )+ Fz (1)
u(t)=—Kx (t)
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