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dx
EEHAx-I-Bu, y=Cz

THEAONBVATLAEEZLD, EEL z(t) e R* IFIREE, w(t) € RTIZAT, y(b) e R
WBHAZEERT. REFHIE A e R, B e R, C € RP* THD. TOVAT LN
AHIETH D&% (A B) WEflHENnD. ABICZIOI AT LRI THD L%
(C, A) BXBHENS. (A, B) BEHHTH 2011, 757

[B AB - A™'B]

PITRAREE DD I EMBRETSTHLZ EREMTH S S8 L. BEEK H(s) Ioxt
LT (1) H(s) = C(sI — A" B, (2) (4, B) WAIHI, (3) (C, A) WAAIEHE, 2917
FIOM (A, B,C) 2BAERELR. RFLI RBETHTHS. ZOLEUTORN
WEAL.
(i) (4, B) BAIHIETH 50T, TED X eo(d) IKHL TITH
[M—-A B]

T BRI E DT EWRETHTH B ELFAT L. 722U o(4) 175 A
PEEEOEEEET.

(i) 751 A, B 70w 7 #E

4 o R
a=[o 2] o= ]

ZHOETH. LU A € RvXu A, ¢ RX™ B € RMX? By, € R™X? p =
mtny THD. T TolA)No(d)=0 EIRKETSD. ZDEE (A B) WrHIH
THBEDITIE, (A1, By) WAHIEND (A, By) OIS TH 5 2 & BBE+HT
HDHIEZFAE XK.

(iil) {RIEBIE

H(s) = ReRP rankR=mn

s—A
BEZD. TZTR=CB,CecRr* BER™ E40RT5DH. FLTA=M &8
<. ZOEETHDH (A, B,C) W H(s) DRNEBTH S Z LB FTHEL.

(iv) REREH

55— 7 55—9

2 _ 2 _
H(s) = 2 —35s4+2 s 35+ 2

25— 3 5s -7

52 -35+2 s2—-354+2
DE/NEBRZ—DRD L.
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Consider the linear state equation

d
d—j=AI+BU, y=Cz,

where z(t) € R™ is the system state, u(t) € R? is the system input, and y(t) € R? is the
system output. The matrices A € R**", B € R™*4, and C &€ RP*™ are constant matrices.
If the system is controllable, we say (A, B) is controllable. If the system is observable, we
say (C,A) is observable. We shall use the fact that (A, B} is controllable if and only if
the matrix

[B AB ... A™1B]

is of full row rank. Let I be the identity matrix. We say that a matrix triple (A4, B, C) is
a minimal realization of a transfer function H(s) if (1) H(s) = C (sI — A)"" B, (2) (4, B)
is controllable, and (3) (C, A) is observable. Answer the following questions.

(i) Prove that (A4, B) is controllable if and only if the matrix
[M~A B]
is of full row rank for any A € o{A), where ¢(A4) is the set of eigenvalues of A.

(ii) Suppose that the matrices A and B have the following block structure:

4 0 _ [B
=[5 2] o=l
where A; € R™*™, A, € R™*™ By € R™*4, B, € R™*Y, and n = ny+7. Assume

that o(A4;)No(Az} = 0. Prove that (A, B) is controllable if and only if (A4, B;) and
(Az, B2) are both controllable.

(iii) Given a system described by the transfer function

H(s) = R)\, R e RP*? rankR =n,
S —
write R as R = CB, where C € R?*", and B € R™9. Let A = M. Prove that
(A, B,C) is a minimal realization of H(s).

(iv) Find a minimal realization of the transfer function

5 —7 53— 9

2 2 _
H(s)z s 3s+2 s 3s+ 2

28 —3 Bs 7

§2—35+2 s2—35+2



