- 1
1A A&~ E
U(s) + X, 1N o Y(s)
_% S
3
2



> 2
Ol 1 x| a1 ] T Y(s)
— > — >2—_>(+ —>

Gz (S) —

2s+2  2(s+l) 2

s +4s5+3 (s+3)(s+1) 543



X (t) = y(t) = x,(t)
X, (t) = %, (t) = Y(t) = =2y(t) =3y (t) + u(t) = =2x,(t) = 3%, (t) + u(t)

X, (1) = X, (t)
X, (t) =-2x%,(t) — 3%, (t) +u(t)



SEi B HH X(t){xl(t)}
X ()
HE F8A

| {xl(t) {xz(t) } {0 1}{&«)} m

Xt)=| " |= = +, u(®)
X, (1) —2%, (t) —3x, (t) +u(t) -2 =3 || X, (1) 1

A{O 1},5{0} %(t) = Ax(t) + Bu(t)

X, (1)

=-x©-[t 0

} =[1 0]x(t)



X =%
X, =—=3X —4X, +Uu
y =2X, +2X,

G|l N 3-18




X(t)

X (t)

X, ()

X, (1)

X(t) = T(x(t),u(t))
y(t) = g(x(t),u(t))



Mo A2 A|AH

X(t) = Ax(t) + Bu(t)
y(t) =Cx(t) + Du(t)

LO| O ol =
Ell cH 2 Olgd cH 2

X:(nx1,u:(Ix1),y:(1Ax1)
A:(nxn),B:(nx1),C:(1xn),D:(1x1)



MO 7t BT
(Controllable Canonical Form)

4y, , YO, L O,
A e 2 ay(D) = u()

X (t) =y(t)
X, (t) — y(l) (t)

X, (t) = y" I (t)



MO 7t BT
(Controllable Canonical Form)

X (t) = y(l) (t) = X, (t)
% (1) = Y (1) = %, (t)

Xn (t) — y(n) (t) =—dy X (t) — X, (t) ——a X, (t) + u(t)

0 1 0 | 0]
0 0 1 0 0
; . |,B=[:[,C=]1 0 O --
0 0 O 1
—a, —a -4 -, 1]

0],D=0



MO 7t BT
(Controllable Canonical Form)

d"y(t) d"y(t) dy(t)
+a +o+a——+a,y(t
dtn n-1 dtn—]_ aj. dt aoy( )
d"u(t) d"“u(t) du(t)
=D +b +oee +byu(t
n-1 dtn—l n—2 dtn—z bl dt 0 ()
n-1 n-2
G(s) = Y(s) _ b S +bn—2j + - - - +bs+Db,
U(s) s"+a ,S" + - - - +aS+a,
n-1 n-2
G(s) = Y(s) _ b s +b _,s 7+ +bs+b, Z(s)

“U@Gs) s"+a s"t+ - - - +as+a,  Z(s)



MO 7t BT
(Controllable Canonical Form)

U(s)=(s"+a,,s" + - - - +as+a,)Z(s)
Y(s)=(b, 8" +b, 8"+ - - - +hs+by)Z(S)
d"z(t d"tz(t dz(t

dt§)+an_1 dtn_§)+ Co +a1%+aoz(t):u(t)

X (t) — Z(t)
X, (t) =z¥ (t)

X,(1) = 2" (1)



MOl 7ts BES

(Controllable Canonical Form)

%, (t) = ¥ (t) = X,(t)
X (1) = 22 (t) = %, (t)

Xn (t) =z (t) =~ X (t) — X% (t) — T X (t) T U(t)

d"z(t) d"2z(t) dz(t)
t)=Db +b +--+Db +b,z(t
y( ) n-1 dtn_l n-2 dtn_z dt ( )

=0, X, (1) + b, 5%, 4 (1) +---+B,%, (1) + by, (t)



MO 7t BT
(Controllable Canonical Form)

x1 70 1 o 0 %7 [0

R A

_Xn_ __aO _al _a2 _an—l_ _Xn_ _1_
_)(1_




MOl 7t HEES
(Controllable Canonical Form)

> bn—l —¢

U(s) + X 1 [x, 1 [x,

+ + I
o & o o
\J
®
[ ]
v |
Y
Y | —
=
Y
o@‘
+

3 Y(s)



Ol Xl 3-19

_Y(s) _ 1
U(s) s°+2s°+3s+1

G(s)

(s°+25% +3s+1)Y(s) =U (s)

dy() |, 9%y, dy®)

dt? dt? g TYO=u0
X (t) = y(t)
o =y0 @ =LY
d*y(t)

X, (t) =y (t) = it



Ol Xl 3-19

% (1) = yP (1) = %, (t)
X, (£) = ¥ () = x,(t)

(0 =y ) = S 2 S Y3

= —X, (t) = 3x, (t) — 2%, (t) + u(t)

—y(t) +u(t)

%1 To 1 olx] [0
X, =0 0 1| x[+0]u
X |71 3 2] x]| [1]

y=[1 0 0] x,




Y(s)




Ol X 3-20

Y(s) 5s+4
U(s) s°+2s°+3s+1

G(s)

Y(s) _ 5s+4 Z(s)
U(s) s*+2s2+3s+1 Z(s)

U(s)=(s°+25° +35+1) Z(s)
Y(s)=(5s+4)Z(s)

X, =Z,X =2,X; =2



Ol X 3-20

X, =X,

X, = X,

X =7 ==X —3X, — 2%, + U
y = 4X, +5X,

(x| [0 1 O|x] |
X, =10 0 1]/ x|+
X -1 3 2| %] |
e
y=[4 5 0]l x,
| X5




> 5
lx2>1x1>4 %"'Y(s)
+




L=< e
tl'?7|'o ll_cg

(Observable Canonical Form)

d"y(t) d"y(t) dy(t)

S +a e +---+a1?+aoy(t)
:bn1d;tlfft)+...+b1d‘éf)mou(t)
oS

(s"+a,,8" + - - - +as+a,)Y(s)

=(b,_;8"" +h, "2+ - - - +bs+hy)U(s)



L=< e
tl'?7|'o I'_%i

(Observable Canonical Form)

bU (5)—a,Y (s) =(s"+a,,8" "+ - - - +as)Y(s)
—(b, 18" b, " E+ - - +DBs)U(s) =X, (s)

X,(5)=(s""+a,,8" "+ - - - +2a)Y(s)
—(b 8" +b, 8"+ - - - +b)U(s)

X,(s)+hU (s)—aY (s)=(s""+a,,8" 2+ - - - +a,5)Y(s)
—(b, 18" +b, 8"+ - - - +b,s)U(S) =X, (s)



U= 7s HES

(Observable Canonical Form)

X,(8)=(s""+a,,8" + - - - +a,)Y(s)

—(b,4s"+b, 8"+ - - - +b,)U(s)

X,2(8) +b, U (s)~a, .Y (5) = 8Y (5) = 5, (5)



U= 7s HES

(Observable Canonical Form)

U(s)
Y y y
b, b, P b,
+ l x, + + l % . + XF l X, Y (i)
— S — S - S
a a, ¢ e a,
{ { {




L=< e
tf=F7rc> u_%i

(Observable Canonical Form)

X =—8yX, +byu
X, =X —aX, +hbu

Xn — Xn—l o an—1Xn + bn—lu

y=2X



L=< e
tl'?7|'o ll_cg

(Observable Canonical Form)

<
o
o
o
|
Q
o
<
=

x| 100 -« 1 —a_l|x]| |b,

y=[0 0 - 1]




G| X 3-21

S Y(s) 55+ 4
U(s) s°+2s5°+3s+1

G(s)
(s°+2s7 +3s+1)Y (s) =(55+4)U (s)
4U (s) Y (s) =(s° +25° +35)Y (5) ~5sU (5) = 5X, (5)
X, (5)+5U () —3Y (s) = (5% +25)Y (5) = 5X,,(5)
X,(8) = 2Y (8) =Y (s) = sX;(s)

Y(8) = X;(8)



X, Y(i)

[\




G| X 3-21

x| [0 0 -1]x]| [4
X, =11 0 =3| X, |+]|5|u
;| [0 1 =2|[x%] |0

Xl
y=[0 0 1]|x,
X3



Ol Al 3-22

Y(s) 2s°+4s®+11s+6

G(s) = —— =
(s) U(s) s°+2s°+3s+1

5s+4

G(s)=2+
(s) $°+25° +3s+1

) ) 3 o5s+4
LlyO]=YE)=6EUE) =)+ 5 — 5 ——

U (s)
Y (s) =Y, (5) +Y,(s)

Y,(s) = £[y, ()] =2U(s)

5s+4

Y,(s)=£[y,(1)] = s®+25° +3s+1




X | _—l -3 —2__
e
y,=[4 5 0] x,
| X3

+2U



+
> 5 >
U(s) X 1 |x, o 1|x P T Y(s)
+




2t BE

(Diagonal Canonical Form)

_Y(s) B
G(s)= U(s) (s+a)(s+a,)(s+a,)

K K K
1 + 2 4ot n
S+a, S+« S+a,

n

G(s) =



2t BE

(Diagonal Canonical Form)

o TG
- M
a, <

+ I |X N

L ”%7?
a, <

U(s) +% l X Tk . %+ Y(s)




2t BE

(Diagonal Canonical Form)

% | [~a, O 0 |[x | [1]

X | _ 0 —?52 0 || X, .

%] | 0 0 —a, || X | [1]
R
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1]

yy=N

ANJRNBANANANY

+Bﬂ+Ky=f
dt

d’y
dt?

M

> >
Nl
SN



§|H o




o
S
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_6}2
1X4_
_é11X3:92
=0,X, =

X, =

B+ 1y
Klx3+ L X, 1
J, 1
=X, Exz_l_\]l
X _1X1_J1 | Bz X4
ez_Jl 1+Jz
X2: 1 K KZ]X?) JZ
LI
J
X3:X4 Kl X1+%X2_(J2 2
3, 2
)(4:‘92—\]2






X=| . X(s)=

X | X, (S) |

sX (s)—x(0) = AX(s)+BU(s)
Y(s)=CX(s)+DU(s)



|.
o
7& = 22 &t

X (s) =(sl —A)" x(0)+(sl —A)  BU(s)

Y(s)=C(sl - A)" x(0)+| C(sl ~A) " B+D |U(s)

Y (s) :[C(sl ~A) "B+ D]u (s)
G(s)=C(sl —A) "' B+D

Y (s)=G(s)U(s)



Ol X| 8-1

[0 1 0
X= X+ u
2 3] |1

y=[1 0]x

X, =X,
X, =—=2X% —3X, +U

le(S) — Xz (S)
sX,(s) =—2X,(s)—3X,(s)+U(s)



Ol X| 8-1

s?X,(8) = —2X,(s) —3sX,(s) +U (s)
(s*+3s5+2) X,(s) =U (s)

_ YY) _X()_ 1

G(s)—U = ==
(s) U(s) s +3s+2







y=[1 0]x+4u
s+3 1|0
G(s)=—5———[1 0] cao— L L4
S°+35+2 -2 S|l S°+35+2
48" +125+9

s +35+2



sl — A

C-Adj(sl — A)-B

G(s)=C(sl —A) " B+D

sl — Al =det(sl —A)=0



=& (pole)t 11 x4k (eigenvalue)

sl —Al=0

(x=0)

AX = sX

0

(sl —A)x



Ol X| 8-3

. |0 1 0
X = X+ u
2 -1 |1

y=[1 0]x

s 0 0 1 | s 1
0 s| |2 1| ||-2 s+1
=5’ +s-2=(5s-1)(s+2)=0
s=1s=-2

ERURS N ES



