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3. Eigenvalue
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4.2
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Secant
Hoffman (1992)
2
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Chapra and Canale (1988)



Elimination

Elimination

3.2
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3.3 X = Az y Az
3.4 = a4V X
2
3.5 Z=7py
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Determinant Inverse

Guassian Elimination with Partial Pivoting
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det[sI - A] =0
1.1
1.2 Eigenvalue
A
2. Controllability Observability

Controllabilty Observabilty

1 ! X
[
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M nxXnm Datta (1984)
73

2.1 Controllability Matrix
M

M = WWT

2.3
2.2 Controllability AB
M
M = £ A BBT(Ar§
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Eigenvalue

Observability Matrix

(3-14)

(3-15)



Observability AC
CT B
2.3 N
Partial Pivoting
3. Transfer Function Matrix
M atrix
M atrix
2
' Controllability
Phase-variable Canonical
Ax + Bu
X
P Transfer Function Matrix
H) = C(sl-A)-1B
Transfer Function Matrix
PV + P jS+ ...+ PJm
H,(s) |
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¢ = [q1 92 .. T b

Controllable

Gaussian

Perry,
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AT A

Elimination

Transfer Function

Transfer Function

and Berger (1988)
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(3-17)
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(3-19)



Phase-variable Canonical
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M.
(3-20)
Lo AmHagb = (1)
Transfer Function Matrix
cm,Sl
H() = | (’) = (3-21)
4. Gain Margin Phase Margin Gain Margin
Margin |
Gain Margin
Routh table Phase Margin
Nyquist plot Bode plot
Numerical Search Secant
Gain Margin Phase Margin F(lcd) Z.G(Jcl)- 180°
Gain Margin Phase-crossover
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Phase Margin Gain-crossover
ZG(JEy)H (j&>) + 180° Phase Margin
Gain Margin Phase Margin
4.1 Secant Co
76 (ja>)~- 180°
4.2 11 G(j<y)H(j&0 Gain
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43 ) \G (Jco)H (ja>)\

Secant

Phase



4.4
Phase Margin

3.3 ?

Phase-crossover

Phase-crossover

Secant

1.2

Phase
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2.6 (jCO)ii(jcOo) + 180°

PiD
!
Phase-crossover
ZCijco)H (jo)) = ~-180° (3-22)
; PID
Gain Margin
' (3-22)
Gain Margin

Margin

(Kuo, 1993; Golten and Verwer,

1991; Stéfani and others, 1993)
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2010g/? = G 13
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#
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1+ —
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1+ 1+
v th)v Clj
2.6 Phase Margin (PMn)
2.7 PMn PM
E 2.5 PMn < PM E
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3.
Pole
1
Ackermann
Patel and Misra (1984)
Unreduced Upper Hessenberg
Real Schur
3.1 [A,b] Unreduced  Upper
Hessenberg [F,0]
3.1.1 i=0 Householder
b
Toh = [sfo-0] = 0 (3-26)
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3.1.3 iPAEND F
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o B - By e
F, (3-27)
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3.1.5 bi +£ 0 Householder
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7 - (1) 5
&Y = |18, 0 0] (3-28)



3.1.6
2 L 329
F o= 0 TT.J +10 T ( )
[, 0
T = - (3-30)
3.1.3
3.1.7 fulrm = o 1= -1 J =
3.1.8 3. =i F=H G =G0
3.2 B
3.2.1 i=1 A1=A B
3.2.2 3.1 [Avb1]
Unreduced Upper Hessenberg T1 J1
3.2.3 FI1=T| AT1 G1=TJB v=T1 0=J1
3.2.4 A Fo .G
£h IE_@ PO PO
0 “ K‘J P
F
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Unreduced upper Hessenberg T, )4
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Hi-9j+K

3.2.7
7 0 1 7" OII
F: 3-32
001 -0 7 (3-32)
(7, 0]
G = LO ZTJG,--, (3-33)
V]H" o]
= A 3-34
| o (3-34)
3.2.8 F=H G=G P =1
3.3 F1=F 1gl1 : g, N = Identity Matrix k=@=0
3.4
3.4.1 Pi Orthogonal Matrix
f'P, = +14*1 (3-35)
(=too . fnaf XIT  lui, = FFI ‘1 =[00... 1
3.4.2 F? = PjTRPL g = PjTgj
3.4.3 F'T Hi Hessenberg
Orthogonal Uj
. = H (3-36)
Sm = u |,
3.4.4 L, k (i+1,i)
3.4.5 N = PjUj , N = NNj k=Kk+ KNT
3.4. Fifl=H - gj+l4
3.4.7

3.5
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351 P Orthogonal Matrix
fip, = %] (3-37)

(=[00. @2(@, (@x V2 = {JJJ; el =[00. 1

3.5.2 F7 = PTFF  gj = PTg
3.5.3 F7 Hessenberg
Orthogonal
Orthogonal t (3,1) U
g
AR (3-38)
&+ = g,
3.5.4 ' k 0+1,0
0+2,1+1) H1-g,4X1
355 N =AU IN=N  k=k+KNT
3.5.6 Fitd = Hj - gioK
3.5.7 Pole
4. ARE Schur ARE (Algebraic Riccati
Equation)
(Optimal)
Conjugate Gradient
ARE
Hamiltonian
Real Schur Eigenvalue
ARE Schur

ARE
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AtP +PA-PSP+Q = 0 (3-39)
X Q
Positive Definite [A.B]
(stabilizable) [A.C] (Detectable)

Positive Semidefinite

Hamiltonian
" [4 =§]
= 3-40
-0/ 4] (3-40)
H 1
Orthogonal
H Real Schur
T H
T = T i (3-41)
~© 3
Orthogonal
3 'n ‘2 Eigenvalue
il X
IJ [L]ll UIZ}
= 3-42
L’Zl U22 ( )

ARE

X = 21 (3-43)



Laub, 1984; Petkov and other,

4.1
4.2
Real Schur
4.3
Eigenvalue
4.4
2.4

Runge-Kutta (order

4)
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Runge-Kutta

Kutta

11

1.11

' (Arnold and
1991; Stewart, 1976)
H (3-40)
Orthogonal H T
Eigenvalue T
o1 P
(Simulation)
Runge-Kutta
Runge-



»IET+bm 4.+ +2

Gts) LM+ i (3-44)
Phase-variable Canonical
0 1 0 0«
0 0 1 , 0
0 x+
0 0 1 0 (3-45)
-2 I L
y = [ B2 i
1.2 a b x0
N (t)
1.3 F(z,t) = Az + Bu(t) ,h=(b - a)/N 1t=a, (t) =x0
1.4 N
141 K1= hF(z,t)
1.4.2 K2 = hF(z+K12,t+h/2)
1.4.3 Kg = hF(z+K2/2,t+h/2)
1.4.4 K4 = hF(z+Kg/2,t+h)
4.5 7= 7+ (K1+2K2+2K3+K4)/
4. t=t+h

47  (t) =12
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(Imaginary Operator, j)

3
2.1 [a.0]
N
2.2 =( - a)/n M=a
2.3
2.3.1 =1 3=0 a =
2.3.2 | !
! 2.3.3 i
4
2321 a Za * x CD)
2.3.2.2 B=(3+( X ()
3703 a -a ( XO)
2.3.2.4 P=(@3-( X0 )
233 i=i+t1
2.3.4 i
2.3.2
2.3.5 Denominator =oc +j(3
2.4 3

Numerator
2.5 G(JC) = Numerator/Denominator
2.7 Q=@+h @<h 2.3



2.6
G(jCD)
Bode Plot
3. Root Loci Root Loci
K
pole
K
Continution
Pan and Chao ( 975)
G W (S) = K(s-Z,)(s-22)...(s-Zn) (3-46)
(s-pD)(s-p")...(s-p,)
G(S)H(s) K m <
(3-46) Root Loci
g(s,K) = 0()+KP() = 0 (3-47)
(3-46) K
AN— = -gm.m ; g(m,K(0))=0
gm.m) 5 g(mK(0)) 3-48)
f- 1 . K'= K«
()=0 K = K0
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Loci

I D N
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=1 M0) =10
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* = ( =
f =1 ' m =*
(3-50)
c = A A ) +A A ) .|.//\)
WMoz 4 Q(sk) +Kko( )
**x = K, +h
Root Loci
3.1
N
3.2 h=(b-a)N
3.3
3.3.1 N
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3.3.1.2
3.4,
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(3-50)

Euler
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