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Strict positive real analysis and design for discrete-time
systems with parametric uncertainty
SHAO Han-yong, FENG Chun-bo
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Abstract: The strict positive real analysis and design of discrete-time systems with positive real parametric uncertainty are
considered . First, conditions are characterized for which the uncertain systems are robust stable and strict positive real . Then state
feedback and output feedback controllers to achieve robust stability and strict positive realness are discussed respectively. It is
shown that the strict positive real analysis and design of the uncertain systems can be reduced to those of related systems without
uncertainty . Sufficient and necessary conditions are derived for the uncertain systems to be robust stable and strict positive real.
Solvable conditions of the robust positive real control problem are also obtained. At last, methods of designing robust strict posi-
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tive real controllers arc given.
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1 5|5 (Introduction)

oA IE LA RGN AR REEEEE
i XY STVl I ROR - YR e i A R A X
HEBENENSTEAELE ZHOMAY. &t
PIa LR IR 538 R R IE LA 28, R VIEL
FEE, A RET AR EERTBRASR M
RO B FABE T, 8 SHIa o
E SRR ERENES B EXEHRECR R
—ANBFFE R S R [ 7S T RS R E L
40 1o A, SR 8] % 3 7 44 1 2 A0 IF S b 253
H EX TR R R AR . BB R AT
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B EFRMS RETHERER R WL RS EE
ST Rl R, 45 1Y T B4 O ST S o [ RS RO T AR R 44
MENBNEEHE.
2 R HA R ER A IR (Description of sys-
tems and preliminaries)
EETHRNAHELEB RS :
. {x(k +1) = Apx(k) + Bpw(k), x(0) =0,
5 12(k) = Cox(k) + Dpw(k).
(1)
B x(k) € R* RS, (k) € R HIMPEHA,
z2(k) € R %ith, Ay, By, Ca, Dy IABETEERE
BRI TRERY:

[22 ﬁi]=[g g]-[Z]A(k)[E E,].
(2)
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8 = # H

ACk) HAMERRE F(k) tE:
{A(k) = F(e)LT + JF(k)]Y,
F(k) + F'(k) = 0,Yk, J+J" > 0. (3
AH A,B,C,D AVHRESEIER H,H,,E.E, ]2 ]
HE FAERE .

E 1 e~ st AREESRQ)MOB) R
B2, LR FY(k)F(k) < LXE,F(k) + F'(k) = 0.8
ERMHE P AREER F(E) AR, )55 N2
b3t F(rk) RS . AEARRRTAAE. UT R FE, i
A (2) M(3) WROARERF I RLE () HEFRHEHE.
BN RG 5, ATRA THRMHRAL:

x(k+1) = Ax(k) + Bw(k) + Hu(k),

2(k) = Cx(k) + Dw(k) + Hyu(k),

y(k) = Ex(k) + Eyw(k) + Ju(k),

u(k) =- F(k)y(k).
MR W, S, EREREERRARER B EH A RR,
PIRXKREN S E LW RA LHRE XK.

HTHNERSE =, WIELH, FH LT E XK
513,

RS

x(k+1) = Ax(k) + Bw(k), x(0) = 0,
0 {z(k) = Cx(k) + Dw(k)
BHAG®REE G(2) = D+ C(2l - A)'B, A
EX 19 #F 6(2) WA R YER AR
HNH G(z) + G*(2) =0, YlzI > 1,JUFR G(2) AIE
L E C(2) BRFHEREMNA (&) + GT(e ) >
0,y 0 € [0,2x], NFK C(2) AHIEEH ;& G(2)
PR IESERIE G(®) + GT() > 0, MFR G(2) H
YRS IESERY .
KTV RHIEL, A FHEHKT .
IO RS S,, FHlGES:
a) AREHRG S, Y B IELR;
b) £ 0 < P € R™", f§
D"+ D - B™PB > 0,
ATPA - P +(C - BTPA)Y (D" + D -
B™PB)-'(C - BTPA) < 0;

) HEEO< PER™,

[ATPA -P Cc' - A'PB ] g
C-B'"PA - (D"+D- B"PB)

d) ff7E0 < P € R™", {#

- P cCr AT
¢ -m'+D) -BT(<O. (4)
A -B _ P!

iE a)eb)BRICHER9],b),c),d) =& MK%E

w 5 M H Enk
AT By Schur #M3 3.
EX2 RS, RABEREHT BEBIE
W, EFEO < P € R,
- P Ch A}
Cn -(DX+Dy) -Bi|<0 (5
Ay — B, - p!

SHE BB VA E HERRT .

XH BT RS IE LK A R
Eig— RAXM A FiF A E EERR—EE
MR P (S oL, EXHABHE TN RS
3, RIIESEHE.

3 IELt 494 (Positive realness analysis)

HEREX 2 RS S WIESH, MESR
FMARETAENE, XFEILREYE. Ak, 5IAT
EEETRR, REAHERSE S, HEETHRIE

LT I E RGN
St
(x(k +1) = Ax(k) + B.aw(k) =
Ax(k) + [B - eH 0la(k), x(0) = 0,
Jzt(k) = Cx(k) + D.a(k) =
C D —eH,; 0
|: 0 :lx(k)+ 0 pl72 ul }J)(k)
Le-'E e'Ey 0 (R+pl)2

Hdbe>0,u0>0R=7+J"

TS RELRH RS S, HETHBIEE
BISE.

BE1 RE >, SEREAY E™EIELH
FAAVESERFEE: > 0, > OfF 3, MLk E
HY R LK .

iE A& S, SHEBEHY BB IELNTS
DEZERFEP >0, F

-P ch A}
Cn ~-(DY+Dy) -BY|<0O
Ap - B, - P!

SHEEEVF AT E AR T

-P cT AT 0
¢ -(D"+D) -B' ,ﬁ:[Hl},

Y =
A - B - p! H

E=[E -E; 0],

my

Y - HA(R)E - (HA(R)E)T < 0. (6)
f3CRR[10], ACK) ATENHRR N
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£1H BRILK % : — H A E B LR B B0 I SE 4T AR 9
) W LB RIFEERC < XER™" Ke > 0,
Fep QTQslﬂdet(l—R 2(1+ Q)RID) % 0. 2> O
(- X xc" 0 XET XAT
ﬁﬁ(6)ﬁj‘ﬁgﬁ L CX _(DT+D) éHl _ E'{ _ BT
Y - HR'E - (HR'E)" - HR™ 2QR 2F 0 h _@l  —@l  eHT |<o.
(I?R‘% QR'%E)T <0, EX - E —pl -éR-gl 0
ofFffEe > 0fF L AX -B €H 0 - x
Y - HR'E - (HR'E)" + *HR'H" + iE A5IRBHR(4), 718 = AWiERER
e2E"R'E < 0, (7) FEF%E%WE&ME%@%ﬁEﬁEP>O&
ofFfEe >0,u >0 e>0#>0{ﬁ
Y- HR'E - (HR'E)™ + 2H(R™' + - P cT 0 e LET AT ]
2 'DH" + e2E"R-'E < 0, C -(D+D") eH, -e'E' _ BT
offEe >0, > 0ff 0 eHT -l -pul  eH' |<O.
volei em[d MO o, |$E -E —Wd R0
#’R+M e 'E A _B  eH o - p-
(8) E]EZEE?EU diagl P!, I,el,el, 1}, & & = €2,
?ﬁﬁe>0,y>0ﬁ ) e?p = g, P! = XBIAIEH 2 IFH.
-p AT 0 4 IEXigit(Positive real design)
C -(D+D") - B" eH, -¢'ET 2 B FE R RS
A -B -P' eH 0 <0, x(k +1) = Apx(k) + Baw(k) + Biau(k),
0 eH eH" —pl - ul Sast x(0) = 0,
e'E —¢7'E, 0 —pul —R-pll z2(k) = Cax(k) + Daw(k) + Dipau(k).
@ﬁﬁe>0y>0{§ (9)
-P cT 0 e'ET AT Heh u(k) € R™ NEFBA, B = B, - HA(K)E,,
C _(D+DT) eHl _e'IET - BT Dm Dl2 HlA(k)E2 ﬂﬁEgﬁE%ﬂﬁﬁ ﬁ%ﬁﬁ
0 S S N L P S
cUE e Bl —Reud 0 BRAGEHRETEENE, ZRIPRER 8
) o ;I‘ . : o u(k) = Ke(k) SEFRSF R G 0 SE EL T R
- — e p—

BER4), XERARS = Wit E B R
EEMFE G HE &
E2 K

-R N[ AT
[ ] <e
-1 pl ¢ 'E

[ ]
-R' R
ARIEER . AT A Schur 3, 5IA ¢ > 0 R (7)FE#]A
F(8).

MEH 1, A ERENERIEL o] 1k
HHERGERIIEL 57, e & vl i — B e
46 PR 2 50 A Matlab s LMI T B4R

Y+ [eH e‘lET][

He

IEEEN. FERRERARERS =, PRERRE
By R ETRIFE I E RN RERBRY
JBeHs IE ST B, B S E R L BIATF
[ific k- ¥
x(k +1) = Ax(k) + B.w(k) + Biu(k),
et x(0) =0,
z(k) = Cx(k) + D.aw(k) + Dpu(k).
(10)
H
DL = [D, 0 e'E7].
FE.F
EE 3 RERM u(k) = Kn(k) SRS 3,
HAEWAFRGEERE LY BB IEXEN TS L
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10 B oW B

BEBRFE e > 0, > O ESE 3., SERER
BB R ARG AW ERE AT B EL
.
iE ¥ u(k) = Kn(K)ERTESK =,., 8
x(k+1) = Apx (k) + Baw(k),x(0) =0, (11)
z2(k) = (:'Ax(k) + Dyw(k). (12)

Ap= A - HA(K)E, Cy = C - HLAKE.

A=A+BK,C=C+DuK, E=E+ EX.

oL BT, E X, W e, 1t I EREEAEN
B—ATTATE, W w (k) = W (X)) 'a(k) A—HR
BRARY B S RA .

iE MARRE(B)MHAEE2, S KX = W
Bp1g.

T EZERRET, REHRSEEIRERE
W, HR A R S DL, T 5 R R A8
.

EBARERBRA
x(k +1) = Apx(k) + Bpw(k) + Biau(k),
x(0) = 0,
2(k) = Cpx(k) + Dpw(k) + Dpppu(k),
y(k) = Cypx(k) + Dypw(k) + Dppu(k).
(14)

EAf:

Hp
[Ca Dun Dzl =
[C, Dy Dpl-HAWK)NE E El
Wi Hy, Cy, Dy, Dp NERERE , KRB S RE(9)
Galiuy I
- BRER A RO A
{E(k +1) = Fo&(k) + Goy(k),
. 7 Lu(k) = Kog(k),
FRRRESHBEBNY RIRIEER.
KEIFRERBMEE, SIART RS
x(k +1) = Ax(k) + B.w (k) + Byu(k),
x(0) = 0,
z2(k) = Cx(k) + D.w(k) + Dpu(k),
y(k) = Cyx(k) + Dy (k) + Dpu(k).

Sy

-X X"+ wpnl, o

CX + DLW -(D"+ D) E&H,
0 €H - al
EX + E;W - E, -l
| AX + B,W -B eH

w 5 n M Enk
¥ u(k) = (E)ERTEE S, B
x(k +1) = Ax(k) + B.a(k),
{ - B (13)
2(k) = Cx(k) + D.w(k).

He
CZ = [&T 0 e‘lE'T].
HEEHE | WIEASETMERE 3 WEIER.
EMUFHEIN, RE S, WRERBT R
1ESC% 1] F Matlab ##) LMI T ELAR .
EE4 RE S, FERSRY B IELE
FES, YUY EEMS X >0, Whe >0,z > 01

XE" + WET XA +-WBT]
- Ef - BT
- al eH" <0
- &R - al 0
0 -x
K Dy = [Dy - eH, 0], HREBSRSAE
(10) FEgAE[R] .

THERHA, AMIERGENA L RIS BY R
TR E LR LA BE REE 3, W% B RRY
SR AR IE L.

B MARL 3,53, WRMAR RS R

{7)(15 +1) = ZAﬂ(k) + Bpyw(k), 7)(0) =0,
8 | 2(k) = CTan(k) + Daw(k).
He

p(k) = [«"(k) E7(K)]T,

Cr = C - HA(K)E, (15)

[A, BAl = [A B] - HA(K)(E E,].(16)

C =[C DpKlE = [E EK.

MERLE >, 53, WBHHARRE N
{n(k +1) = Ag(k) + B.a(k),x(0) = 0,
< \2(k) = Cop(k) + Da(k).
Hp
B.=[B -eH 0],CT=[C" 0 e'E"].
(17)
EEAXA15),16) K07, RE 24, 5. NHE
#1558
TES WlRE S, 5EES, ARGHRE
SakiE Y B IELH T DERENFE
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BRDLAK S : — 2R B B R G ™4 IE e st 1

e >0, > O RS 5, 5E%H B R BLAHARE
G¥HEEE ALY B IESE.
5 4518 (Conclusion)

PR T B B EBH AR EEHRIELS
P RE, R AeE S B ER Ak @i
B RE, BXBAHERENESETE LI
LA B ATE RE N E LML, i
HBATRGEEERE LY B IESH I NE
Sl Ll R B R S 1E SC48 ) 19 R B 48 B 75 400
B, X 8 % 4T F Matab B4 LMI T B4 K
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