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Quadratic stability and stability margin analysis
of discrete interval systems
MAO Wei-jie
(National Key Lab of Industrial Control Technology and Institute of Advanced Process Control, Zhejiang University, Hangzhou Zhejiang 310027, China)

Abstract: The robust stability problem of dynamic discrete interval systems is considered. A necessary and sufficient condi-

tion for the quadratic stability and a related calculation method of stability margin are proposed. This condition is also extended to

the quadratic stability of linear systems with uncertain parameters. All of the results are obtained in terms of LMIs. With the

powerful LMI toolbox, it is very convenient to solve these problems. The illustrative examples show that this method is effective

to determine the robust stability and related stability margin of dynamic discrete interval systems.
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2 [a) 3 #4i& (Problem formulation)
ZENSERX B RE
x(k+1) = Ax(k), (1)

He x(k) € 27,4 € X" HIARGE(D) KRS

RS D A" = [al]pen A = [l ]pn, W

[A™,AM] = f[a,j]:af}l < a; < ag’, 1< i,j<ni,
(2)

Her Am, A" RE MR ISERE 52

Z£4WH . HFE B RRFEIES T H (60004002) ; #iiTE B RBFER 20 H (602055) .
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592 = o® ® i 5 N H B2 %
Ao = LTam s av], 3 EE
S = diagisy, sy, vy 5,0, s, =21, @ = 1,2, .1,
A = 214" - an], (4) (11)
I (X [RI4EFE A 0] T4 15 SAS A M-3R R A FRoAE AR, R H
P TE2 HE B S RE A B B SRR L SR AT
A= Ao+ ﬁefl VTS Bage () B S 19 S4S A1k SRR,
Hipe, € 2" RARE i TER LLHRKTE R 01171 5|3 4 BOMHEERE Y € - M ETR AR
R AXHIRBSHRR AL () M okiag  HABEE L
PR, X AR GHLE A, B E , BB R 5611 Y = Yo(8) + 8;(eel + eel) <0, 18, 1< 3.
BEMRAEX. (12)

EX 1 MREFEMNHLEEERE P, EHBTT
i A€ [A™,AM], W2 Lyapunov A3

ATPA - P <0, (6)
W FR 3D SR RUX (] REE (1) 2 ZIKFR 2.
513 1 FHSEHEKARE(DEZKIREN,

L HHFEXNFESER PLEEXTA A C
[Am, AM ), WERMEEAREL
[ P A"P -

iE EHSchur%?E#FT%u,ﬁ(6)iﬁ(7)%%m.

ST SEEX B RS (1) , R T AR E 1 (8]
B RS TRELZERBEREN S, Hik, 5 A
o- T2 EWIHLE: .

EX2 BF0< o< |, MBHEEMNKEEH
B P (SN FRA A € [4™,4Y], W2 Lyapunov
A&

%ATPA - P <0, (8)
o

MRS EREE AL (1) ZETIK o- BER, MR
HMREBREAIM =1-o0.

F1 BRCKBEHE Ko REEs = 1A
6.

SI2 AF0<o< |, HSEHXARL(L)
B o-BEMN, YHNYFENREEERE P,
FETAHAE AC (A7, AY], HERHHEFEAEFR

[- o’P ATP < 0. 9)
PA -P
MNABRERERIM =1 - 0,
313 3¢ R X, Y, F REAEOESERMLE
M, Hrh FTF < ILWXHEESH A > 0, IHE
XFY + YFTXT < AXX" + %YTY. (10)

EX 3 HEFEAFRHEM- R, R EAEX T
B R A RO M - SRR, MREERS

Yo(8) B M-SR MFFESE A > 0, #15
Yo(8) + ASZe-eT- + TlejefT < 0. (13)
/\Tﬁ‘flﬂzﬂﬂ Y l:j

Y = Yo(8) + A@zee + %eJeJT

BA R R . AR —H, ATBRE Yo(0)
B M-HFE, &N, A Y (8) B M- 55, WEERF
SHFE S, 618 SY,(5)S & M- 5. B HFEIER
SYS 5 SYS B4 MR A9 B K RFIEME .
WAy 72 Y B KHRIEE, 0 € &
AE L B P AE ) &, T
Amae = 0 Yo = 0TYo(8% v + 239-1;[1;,-
AT Yo(8") & M- %R FrLL v ZIER @ (BIRT
BILEBHER) A, %6, EZTRT, v, 0 HIEF . B
Aj = a JWRB G HE A, v 1Y FIAHIEE 5
B’Jﬁﬁﬁm.ﬁa? Y B M-FERE, B i — S al i
TE Amaxs v MR Y BIRKRE (B 548 N AOFRRTE ) & .
3 FEZE (Main results)

TH1 AFE0<o< |, BiSEBRXRBIRLE)
B Ko BEN, WRTFENFEEER P, BHA;

iE

ot = 1) A

> O’igj = 1’2’”"”5 ﬁl@
—JP+Z/\,AaUeJeJ 0
PA, _p oy | <%
0 ut o -v
(14)
Hrp
U= [Pe - Pe, Pe, -+ Pe,] = [P - P],
e —
(15)
V = diagh Ay Ayt A Agn e (16)

MNHRERERN M = 1 - o ZFFHURLER,
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HPLRHESE | e 1< e, A0, A, B HEHIPEZE
B X BAGIE A BRE, BN A% (17) %
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4 EHixk53H(Algorithm and examples)
AEF R EEFEEE T s AR aUX
REMEERESESANT, HERULHEBEAEX
RIER A . BT A AHRAR LML TR, K#E
HHE. Ty T — e s RIS SRk A 3 P B
TR A .
Bl 1 HIECHER(8, 9)FTAASEm, K
. [-0.20 -0.34] e [0.16 0.02]
“l_0.24 -0.160" “lo.12 0.200°
FIAEM |, BB H EZB X 8] R4 —
K o-TaE,0 = 0.4690, HMEREHRE M = 0.5310.
LMEEAER(14)B—DATITRA
B [4.5609 0.0923] ) [11.9915 14.3231]
0.0923 6.5347) " 7 L13.9204 17.5778}°

AT HEA G OR8] P RIGR AR BT R E
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BT RIS, 9] RABDHIRTFIE.
A1 AXF&kEHMEFTHERLE

Table 1 Comparison between the proposed
method and other methods
Tk XEK(8]  CEkL9) A3
REBRE M 0.11 0.144 0.5310

Bl 2 FEWMTEHUSHEAHERSR
0.540.2¢, -0.25 0 1+0.2¢,
0.8 0 1 0
0.3¢, 0 -0.5 -0.2+0.3e,
0 0.25 0.5 0
Yle ls ], el | B HEREBRIZENE.
EFRBHRTRE R G TR I Rk-1 BIAA7 B
0.5 -0.25 O 1
0.8 0 1 0
0.3 0 -0.5 -0.2 *
-0 0.25 0.5 0
0.2 0

Ale) =

A(e) =

0
100 1]+ 0.3 e2[1001].

L 0 0

RIEEIE 1 ML, THEZEHEZEHA
WMERLE K o- FBE,0 = 0.9354, 1B ERE
M = 0.0646. ZYEHEEAZER(14)— I FT#ERN

3.5197 - 0.5288 0.5061 2.9800
~0.5288 1.0746 0.4415 - 0.8289
T 0.5061  0.4415 3.3067 1.4595
2.9800 -0.8289 1.4595 8.2416

A, = 0.5576, A, = 0.4994.

S 2512 (Conclusions)

AXETF_RKEEHFEED 3B ERIXE
REBBRENETSLESRMS REEF KR
EWAREA R RTE, ASHAEXHKNEER
RIS R HEARE RS RE A
FEBSETRERENEBIREES . AT
R U EEEEREANEAS W, HAT
LMI f4#f#5= B 3E 5 B, 51 40 m] B 371 Matlab )
LMI T HAER A7 .
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