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Tracking Performance Limitations of
Random Signal in Multivariable

Discrete-time Systems

DING Lit GUAN Zhi-Hong! WANG Hou-Neng!

Abstract This paper studies tracking performance limitations
in linear time invariant multivariable discrete-time systems with
a random signal reference input. The random input signal con-
sidered is the Brownian motion sequence. Results show that
tracking performance limitations in these kinds of systems de-
pend on the structure of the plant and the statistic character-
istics of the reference input. Here, the structure of the plant
represents locations and directions of the nonminimum phase ze-
ros and unstable poles. As special cases, this paper also studies
tracking performance limitations when a uniform random refer-
ence input and only a single non-minimum phase zero with single
unstable pole are considered. Finally, tracking performance limi-
tations of a two-degrees-of-freedom compensator tracking system
with a random reference input is given.
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Fig.1 One degree of freedom multivariable tracking system
12 &R

AT IRACIE R AR P, AT H RO A2 1Ly
AR RN

P=NM'=M"'N (2)
XHE N, M,N,M € RHoo HifE:
X -Y MY
o =1 (3)
-N M N X

Hh, XY, X,V € RHoo.

T ZASEEHI RS, WA nIN(s) = 0, WFK n HF M
s FRRTH T ), W M (p)w = 0, WIFK w JWes p A B 5
J7 1h).

F A AN B A T Youla S 50460) WLk R
%

K = {K K= —(Y - MQ)(X — NQ) ' =
~ (X - QN)"(Y - QN), Q € RHoo |

SCHR [6—7) 3R P ART IS A RE SRR BR R R 25 b PR,
R A SCBCGE S M P AT RT3, BeAh, BT DU R 4R
EEME RERR PR T, B BT I RGN A 2 AR T %
A EEE BT EAR S HTE A TR 2. i Smith-McMillan
BE % P AR /AMEMIZ SN s, i =1, , Ns, 1[H4
N(z) 7N

KL 2 % Z BT, Now(2) 27 N(2) 058N 4,
L(z) B4l obhdes

lsil =1 2—1  q
- T&m’mm (4)
o ms AR MELRI R s s BT 7 T, W2 (||| =
1. LA VA SOk [8—9) AT W], JEEE L) (1
KRR TS Y 2 = 1 B L(1) = I, a5
B IXA T BRI

2 EFELH

ERE 1. R 1 PN S P S N AN ERMARLE
R Ny DAFGEN AL, o, 58 0 DN ARSR AL )
Ttk e, 950 DAFREN SR T N wi. y RS
th, w W EEATIEZ )RS, HAIE ¢ b A Bs sl e s
TFEN ot i =1, ,n. WiZZLEEHRGENFLE RN
PREFIRZE N

Ng 2 n
® Si -1
J —Z( | 2Zo?cos24<m,ej>)+

=\ =sil 55

> (i = Dpl = 1)
52 (L =p)(1 = p;)(pip; —1)
(I = L7 ()" (I = L7 (p))U Hjwjw} G5 Giw]
K e FRH § ATEHEN 1 0B,
U = diag{o1,--- ,0n}

Gi= (1:[ Fk(?i)) , Hi= ( ﬁ Fk(ﬁi))

k=i+1

[wZHHZ-HUHX

Ipi|> — 1 Z_,l wiwh
1—pi 1—-piz

SERR. sk (1) LA 5

J=F {ie[k]Te[k]} =trF {ie[k]e[k]T} = trR.(0)
k=0 k=0
(5)
KL R(0) ABEHLIR (S5 e[k] M EHMIEHREL. S HHA
BIAUE 5 wlk] MRS ERRN S, o LA E10),

™

:ﬂ -

Hrp, S ARG R LS R L, MANRMASE u FIRE
S e WARBRKE. RP0T oAb & iR 0 MR ER P Re (WA T,
BE S(z) BOHE—ANES 2 = 1 DURIERESRZE 1T FRAE.
FiBE U Jy: U = diag{o1,02, - ,0n}. B (2) ~ (3) AL

2

(6)

2

()58 (@)oo = | 501

35 N
S(z) = (X(2) = N(2)Q(2)) M (2)
KA
g — Qeil%f%w H(X(z) - N(z)Q(z))]\?[(z)Uz i il

A SCHR[2] %1, A77E Ri(2) € RHoo THAL:
L™ (2)X (2)M(2) = L™ (2) + Ra(2)
W] PAAS 3

1 2

z—1

X = V@@

(@) -+ 1+ RaGe)- 2

2




448 H | b e i 36 3%
HIL(1) = T w4 (L' (2) = DU 5, MBI FEE Y
1 Q(z) WTUME (I + Ri(2) — Nm(z)Q(z)]\Z(z))UZi1 € Ha, ) Nt
PR A Qeilgbfim H(I+ Ri(z) — Nm(z)Q(z)M(z))UZ —1], =
2 H 1 2
N R I H( 17 o e - 06t ) L =
2
2
odnf, H(I+R1(z)—Nm(z)Q(z)M(z)))Uzil 2 H(Z‘pl_pzlj_pzu L' ))xUHiwwiG?)x
O O (e V(2T VR potvaee
RIS (1) 351 (2 ) - o5 | e s a—1|, Z: - 50— p)pps — D )
(I— L (p:))"(I = L™ (p)))UHjw;wj G5 Giw] (8)
H(Lil(z)—I)U L H (7) A (8), SEEE 1 AHE. O
2—1|, S FR 1T BAT B, A HOR Gt B 5 R
YlsPo1 1 | B th R = AR 6 Gl S AT 2 50 o A
S| = A W7 i, AR W 1 o TR T [, BEL 2 %
i=1 ? BN S IO GE AT, e A D 25 B 264 v
S (LS o sme)) M B TR RERL S
L\ [L—sff &7 0 TN PHFEF R 1 SHE 5 T4 R
S 1. B A BB R S AR L %
%%iﬁﬁ)\%/\ﬁtﬂljHﬁfn‘ﬁﬂiiibf%‘ﬁﬂiﬁﬁﬁ0 Ji AR, B
MU HEH M(2)U = W()F(z), B0, W) o1=0s = = 0, = 0. KINEH 1B FBR:
BN 5y, F(z) BASEHS, TURRR F2) = o
1% Fi(z). Wi J =0"A 9)
e
. - 17
Qel%fiooH(I—s—]ﬁ(z)—Nm(z)Q(z)M(z)))Uzil - NS S
—|1-s> A= A—pi)(1—p;)(pip; — 1)
inf H(I+R1(2)UF*1(Z)7 J
QERToo Wwi'H (I — L™ (p))" (I — L™ (p))) Hjw;w} G} Giw]
1 2
Nn(2QEW (=) 77| = AL A 1604 B35 30 517 YA, R T LA A 38 3
~, (G THREIE B o ABBRA S b BB k. 5% (9) thi A
inf H(ZU*L PNV H:(2)(F(2) — D) S HR S B BB I, UL o SRRk R S R
QeRHoo ||\ B
; Nt SE 2. B BRGSO SR B A
¢ U) —7 + (Fe(z) = Nu(2)Q()W(2) 75 AN IR R B A M 20K s, iy
: I b, ARGER AN p. WERE 1 ARAE I F Rt
R o _lsP=1j1—sp|* o
= TP | oo Il (10)
all » . Wi, WRBHHAE 50, W
(LU= r euae)E () - D6t ) 2 2
=1 . A J*: |S‘ -1 175]7 0_2 (11)
p— € Hs | - S
5 (10) A1 (11) 9975 T B0 0 3R S BRERE RE By
i Ra(z) € RMoo BRMHEAIEI Q(2) 13- "
3 FARERERFKET
(Ra(2) = Nn(2)Q(2)W () — € Ho ML LA HT AT, RET 6 A B RER, — ELRE

A LAPRE:

BRI ER R S, 0K 25— AN oI A ) BRI RE AR
B DIk e i ER ERORE 1L, U A 2 (B 1 2
TP A R R AME S RGO Rl L T T R Y



3 T 2R EBASEIE S

BREE I BEAR PR 449

RGEi. 12 2 1, D € RHeo, [Ney Ne,| € RHoo,
PR T A o 12

1&={K:K=UQJﬁhqi—RNngY—RM]

Q € RHoo, R € RHOO} (12)
u ¥y
Ne, ®_' D r
N,

B2 wAdE RN RS

Fig.2 Two degree of freedom multivariable tracking system
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