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A Discriminant of the Determinability for the Discrete Linear System
Gong De’en
(Department of Business Administration, Huagiao University * Fujian Quanzhou,362011,P.R. China)

Abstract; This paper presents and proves a discriminant theorem which is suited to examine the determinability of the dis-
crete linear system, which shows that an outstanding issue of this field has been solved.
Key words: discrete linear system; determinability; principle of duality

{x(k +1) = A(k)x(k) + B(k)u(k), M
y(k) = C(k)x(k) + D(k)u(k).
Ho x(k) € B, u(k) € R™,y(k) € R AR F
GRS WmAMBm L EE;Ak),B(k),C(k),D(k)

EX AR {u(k) BENKHET, R
FEEEBE N, EREQ) WIRRE x (k) Bt
HHIE ¢ (ko) y (ko + 1), y(ko + N = 1) ME
—HHGE, MR R G (1) BT R0 ; R A 7E
BB N, FEREQ) WARS (ko + N) BEHEH
HIRIME v (ko) y (ko + 1),y (ko + N = 1) ME—
W URRR (1) Btk E e

FORTUsBE” MR, R SCEREU & PR A
SRR, SCHRI2,3] BROB“RERLIN”, SCRR[4] R R “RE
PR, SRS ] ROV BB EM Y, A S SCER (6] FR M
“REdE”.

TESXHH ko A% RV Z], Rk — gk,
A[4 ko = 0.

AR, R GE(1) 582 REMLIN Y 78 4 b B2 451
BV e IR BB N 5 RE LU 4

c(0)

c(1)®(1,0)

Vo(N) = (2)

C(N - D®(N - 1,0)
ZRETREHER n. K

* EE QAR EESWHTH .
AT 19974 12 A 15 HUK . 1998 4 5 7 29 HIREIB %A .

&(i,j) = A(i - DAG -2)-AG + DA()),
P> J (3)
&(j,j) =1
HERG(DRPREERERE.
RTRG(DMBEd T, H AT Sk Mt — &
BRI 3 AR SRR B I R A S T

EBE RGE(D)RLBRENT T VELZMRE
FFEERERE N, #15
rank Vo(N) = rank[ q‘;o((]ilv’)o)] . (4)
Hrp Vo(N) 2(2) 8 M RE ISR G, &(N,0)
9(3) R E RSB A .
ik (D8R
x(k) = &(k,00x(0) + o(k), k>0, (5)

y(k) = C(E)@(k,00x(0) + ¢(k), k = 0,(6)
Hrig

o(k) = Zé(k,i + DB()u(i), k>0,

(7)

D(0)u(0), k =0,
$ (k) = {C(k)go(k) ORI R
H(6) XA
y(0) = C(0)x(0) + ¢(0),
y(1) = C(1)®(1,0)x(0) + ¢(1),

y(N-1) = C(N -1)®(N - 1,0)x(0) +
¢(N - 1).



48 | 5T B R P R B e e 51 595

BERAEEER N
Vo(N)2(0) = y — ¢. (9)
H '
y(0) ¢(0)
7 = y(zl) § = *[’(:1) . (10)
y(N = 1) G(N 1) '

AHE, HG)RE
x(N) = ®(N,0)x(0) + go(N). (11)
Fo b R A IEER N, (4) Xan, W
O(N,0) FTHER Vo(N) ITHEHREHE, A
MTEAE TN x n 5/ M, 575
D(N,0) = MVy,(N).
e AN (11) 2, W g (9) %
x(N) = MVy(N)x(0) + gD(N) =
My - Mg + ¢(N).
IR, AR x (V) By Bly(0), y(1),,y(N
- 1) ME—HAE, MRS (1) TERERE.
PEWE . BRA(DZEEBRE MBEHRR
x(k+1) = A(k)x(k),
{ym - C(R)alk) (12)
e fbd e, I, (9) Rk
Vo(N)x(0) = y. 9)
HEZ(12)TBERIE , MEFEEER NAlnx r 58
Bi M(),Ml,"',MN_I, ﬁﬁgf
x(N) = Moy(0) + Myy(1) + - +
My_1y(N - 1) = My.

Kb M = [Mo, My, My, ],y (958 LRI (10) , 46(9)

RAERE
x(N) = MVy(N)x(0). (13)
AT TFFRERERGE(12), (1) R K _
x(N) = ®(N,0)x(0). (14)

A (13), (14) XA, H RS «(N) BME—HE
B, AR O (N,0) BT B R Vo(N) 1T RE KK
P2, B (4) X ARaL .

T EBERERERS

x(k +1) = Ax(k) + Bu(k),
{y(k) = Cx(k) + Du(k), (15)
HREHBEREH
@(i,j) = A, iz (16)
#Hit1 FRESTLBRENRSVELM

B HEEER N, H18

Vo(N
rank Vo(N) = rank[ OjN )] (17)
Hp
C
CA
(V) =| . | (18)
cAV!
EERE(S)HIMNBRG A
x(k+1) = A"%(k) + C"a(k),
{* ] * (19)
(k) = B"%(k) + Du(k).

#Hit2 HERE(S)TLEE(ZLBIRE),
NXHMBRL(19) LR E (GE2RE) s KL ZIRA .
iF RE0S)ZLEEN TS LELEFRN.,
FTEEBE N, 15
rankU,(N) = rank[ U,(N),AV]. (20)

Hr
U/ (N) = [B,AB,- ,A""'B].
T :
BT
Ui(N) = BT:AT
BT(A';‘)N-I

BRI AR S8 (19) 59 BRI P AE 4, B ek (20) AT 40, R 4%
(19) B2 BEIRE , R ATIE, RG(15) 2 BB E
B IMBARG(19) 82 R84, IEE.

Bl BRAES

{x(k +1) = [8 _11

y(k) = [0,1]x(k).
WIS AL I 1 5 R e 1
& B
0 1
Vo(2) = [O —l]’
Frbh rank Vp(2) = 1 < 2 = n, ZRERRZ LR
W, XHEHR N = 18,8
Vo(1) = [0,1],

o )
el

Vo(1)
oA ]

EG)

=1,

B rank V(1) = rank[

(T#% 59 %)



43 TE T R A B RTT R 599

ur =~ (| x|+ el S/(1- 1),

m
V=288 = 28(2x; + (3 + sin(x%,))u <—2¢| S|?,
F£ o
| S| < v | 5(x(0)) exp( - et).

ey = a — K (19) F(17) AW

e =—2e; + (x5 — % + 2u;) =—2e; + 5.

(20)

HLASE L BEWEAE(B)WHE, REL Rk
RE.HFEE,H(20)

ei(t) = e;(0)exp(-2¢)} +

j;exp(— 2(t - 7))S(x(7))dr <

le (0)] exp(-2t) +
Z(IEEOE))eXp(— et) = 0.
5 %5 (Conclusion)

R B 355 e R 7 4 4 4 o B B 9T g — A
BBV FE MR R B SR, 3 R ) e T I3
BIRE B R (YR AR 2 R R R A
B ) AR 53 Bl 3 LS B R ), v G 4] 8 G £
R IB] 2 R TE LB UR . AR ST HY 14 B 1k 4% 1 S 1 58
TR T BB, N (E—BEET )RS »(1) &
ST A R, R s, EH I, S
HHEE V(S) FHALE || S || Bk (B E B s

BAL) BHE V <- el SEI IS R EE A,
|51 s, e 1S I 8/ CED B 30 W
), S || BN, L& P (13) 2 % 4
PR OB RRAEBE R B0 3558 S R

&% 3UHK (References)

1 Utkin V I. Variable structure systems with sliding mode. IEEE Trans. ,
1997,AC-22(2) ;212 - 222

2 Sloting J J E and Sasuy S'S. Tracking control of nonlinear systems us-
ing sliding surfaces with application to robot manipulators. Int. J. contr. ,
1983,38(2) :465 - 492

3 Slotine J J E. Sliding controller design for nonlinear systems. Int. J.
contr. , 1984,40(2) ;421 - 434

4 Stanislaw H Zak and Stefen Hu. On variable structure output feedback
controllers for uncertain dynamical systems. IEEE Trans. Automat.
contr. ,1993,38(10) : 1509 - 1512

5 RN BRML . EGHER R G R R B 5k, 1980,4
(4):1-6

6 FAIR . AELSHER EIS S A . Jb 5 b ERE R H AR, 1990

AAEH A
A 1949 4F 4. 1983 4 I AR K B2 B AR 254, 1993
FATME MR R F R L 20, TR I A2 R &
ERRANMBHERERG, DEWES, 8BRS S RAa s,
ELOFE 1963 48 4 . 1986 4F T 0 5 I 5 ok 2 % B 2 oy, 1989
7 1990 FFAEALTIMLZS ML K K 25048 , 30 S 90 7 UFG 0 K 2% kU . BF
KB AU T RREE, KALHE .

(B4% 595 )

BRGRSE R MEKIR L, hR G RA
1 1

« = [ Juo = [ 0.

BARI, ARG — 2, KRA (1) T g

y(0) W — 4.

5 2% 3Tk (References)
1 ER HBUEHRSL DR A2 BRE, 1087

2 TEMERRETRATENELTAZS AURHALNED
5 BRI . 6 Bl B R 1975

3 RIS . AR T R AR « o TR 2 M
#,1994

4 PIREEH KPR R G R LT AR L, 1982
Strejc V. State space theory of discrete linear control. A Wiley-Inter-
science Publication, 1981

6 Mahmoud M S and Singh M G. Discrete Systems . Control and Optimizo-
tion. Springer- Verlag, 1984

XA A WA
RBR 1930 2 R R F AR, £ F ST TR0 38 B
RO, SWHHE, JELF2E.





