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Abstract: A linear parameter-varying (LPV) control scheme under the mode-dependent average dwell time
(MDADT) switching signals is proposed. In the full flight envelope of the helicopter, the state vectors that
can describe the flight characteristics of the helicopter are selected as the gain scheduling variable, and the
“small disturbance” hypothesis is used to linearize the mathematic model. The Jacobian linearization is used to
get the linear model, and the LPV model is established by data fitting. Combined with the
parameter-dependent multi-Lyapunov function and the average dwell time method, the time-varying
parameters are divided into intervals, and a sufficient condition to ensure the global uniform exponential
stability of the switching LPV system is given. Considering the gradual change of time-varying parameters,
the switching law in the limitation of the MDADT switching is obtained. On the other hand, the gain change
of the controller caused by measurement error and parameter drift is also considered. Simulation results
indicate the effectiveness and feasibility of the proposed model and the control method.

Key words: helicopter; linear variable parameter (LPV) modeling; switching polytopic system; tracking

control; mode-dependent average dwell time(MDADT)

EEWAB i Bl 3£ 4 (201957052002) 9% Bh I H 5 71954 H 2R BH= 4 (BK20201291) % B I H
Y75 B 8 : 2020-07-22; 1817 B #§ : 2020-10-15
BEESE KA, T RIEPZ , E-mail: zhangsj@nuaa.edu.cn,

SIAMEK AN, 20, NG, 5% . BV LPV &8 BRER R [T]. B a8 Al R K% 2% 4, 2021, 53(2) : 260-266.
ZHANG Shaojie, LI Shuo, YAN Peng, et al. Switching LPV robust tracking control for helicopters[J]. Journal of Nan-
jing University of Aeronautics & Astronautics, 2021, 53(2) :260-266.



%2

SR LI LDV b B 1 261

HIHHLLABESLAE S 2T TR IR N T AL
HUIE | AR A% AR G S B T RS R S B s L BILE)
RAGH e B RHLA TS e s R
Hl A B ok TE Rk . Lt 28 (Linear
variable parameter, LPV) & 4t 45 & E X, g%
TR 5 % (1 AR LM ASE AL | T AT SR T 1 42 o L
R fif P 52 2 ) TR AT FRE A ] AL, PR OO AR R AR B T4
B AT Tz O EY, fEXF LPV RS #E 1T
Pl g Bt i, 38 R = R AL G2 B 1Y 45 99 (Gain
scheduled, GS)J7 %, AH 33 Bl Jy 25 16 BUJA B2 A8 4 1)
WHEIEERGE TR MR, AR EME H.TERE.
A A 2R RV e Bl L B LPV R g8 AN g
R RN ARG, EE2FEREARE, L
X 7k M LAGE H T O 248 e R T IR AR 1 R 2k
PERATHE M R GE . SCHR[3PRF U4 42 1 F LPV 45 4
TEMEE G T — S B £ Lyapunov &
B Ul MR S8 D7 vk . SCHER[4 AR 9 & 3)
HUAR A A D B LB~ FORL A, 2 7 e sl bl 4k
R B R AL S RO R T — Rk T X
SRR T AT S K Sl e R VT Ho/LPV 4%
il 7 ¥ 38 3k ) o0 2 ke B TG Y O R BRI T &R
GEiORsF . SCHR[S P T Ul R th 7 —Fh
0% 83 i 8] (Average dwell time, AD T )] #5515
T TP E L R RGeS T R G 1
DI o SCHK [6] 3% T A 25 4K M X 3F B [a]
(Mode-dependent average dwell time, MDADT) /7
2 W50 T — SRR E U R SRR E T L A
ADT U1 #: {5 %5 1y ¥ it , MDADT % R I (3 %)
S

H i N AN VF 2 5 38 E RUE LPV B
#r B ADT M MDADT $ il 1] 28 ) #F 5% I .
SCHR[7145 G ADT J7 i f J5 5 #1928 A0 e 23y
3N DI 3 i BT i A%, ok TR [ S A AT
AN Tr) 25 G 1 B 1 1) R0, 38 3 1) 48 42 1 245 R DR Tk A8 A
b P P A RS E Tk o SCHR[S DRI T 3 AL ) A5 AL
HEAT V-2 M AL, 75 H 7EAS ) 2 A0 0 A7 S [) QAT A%
O W AT A F 8 TAE 50, R JH MDADT 7] 4t
B FE H o B AR 5 8 TR AT g N BT AR S B
o ) [ 7 38R 2 A o P o AR R AT DD 4 BB A A
BB A& X B AL, @ LPV 2GR A
MDAD'T i Y14 4 ] i 19 BF 52 8500

A SCER X UH-60 % 1 B THBL, BLIX 26 B THAL
(9 A 2 A B R Sy BR A, 1 ST LPV Bl A B 5
T HY M ASE MDADT Y) 4 {5 5 T £ 6l £ 51t
Ik . A S UK B £ Lyapunov pR L
MDADT 75, %5 i T RUE D LPV R 48 4 Ja) —

B BRI T A A . 125 IR O R R 25 R
2 BB R S R 2R T 2 B ) 9 T 4 25 AR Ak T
A MDADT BR il /¥y )44 . 1 Simulink {j5 £ AT 1
JIEE T A 4 1 A R A 5 b 3h 25 IR B B T HLRT RO
DR RPIRAS &, B0 UE T #4501 B0k A
AT AT M

1 EANHNEYI#LPV E#E

RS ) T B ST I AR M R G g
R RS o b R B AL AR AR SE PR TR R EE R
FHHLIX e B VB 2 A 4, LA 45 i e
fiff 2 42 ] 1) J50 AT R A7 AE i 22 16 PR TR Ry R
LPV &G — KRN AEL TN E RS, XK R
G A SBUR RN o A R T AR S Stk R
(Linear time invariant, LT1) &4, LPV & 4 i K
B RAT AT G AT LPV 84, v] fi] 5 iR K
Ty gl J1 25 05 B T J7 i3 6 M 4 o S e v 4
il R e B i AR 3 A 4 4%

1.1 JREHFEAEENLSYIHRLPVEE

M H TR R RN 5 07 ) AN S 1 E R E
iz gt oAb TP AR A LB AR AT LA S
B 71 VA KA 1 3 R 2 AR AR A i 0z B AT LA
BRI 6D S E i . Bl T m iz g
BTAFZRELM G, WM v, REMHEE g, I
VR R A I - S IR N R R i)

X
1= —wqg — gsind + —
u wq — gsin .

. A4
w:uq+gcosﬁ+g

M
=7
6=yq

K, w 53 51 EH T LU HLAAR Sl 2 85 s m
BEIHLE T & 5 0 RN A 5 q R IRFA A7 B3 1
FHAUIR PR s X, Z 8 B A ALE VLR T % 50438
TR R AR s MR I 56

H s AR R PR A R 2 LPV R AU (1Y
J7 AT 3T, 43 i) 2 HE v be e M b T i IR AR AR e
ik MR B vk o BT RE s b MR S T T
AR AT AT A5 i b R APE AR AR LM R G, AR SCR A
e 5 L 2 PR b 1k ok o BUASE A 1Y ST

T 4t T R AR o O A R AT
X153, BT GRS AR b I E % g
AT PRI AR 0 SR 2 38, DRI Ot 7 1B 5 448 45 A B A
o BT EW u,w, 0ENTHERES . HHFw MoK
B /N HALAE /N A 2 Ak DR e B A /AT A



262 o

TSI NI NI -

i 53 4%

PO w B T30 53

H T S B A RS m P,
(DA iR R T

x=f(x,0) (2)

AHFr=lu,w,q,0],0=[6.,0.1,0. 8 HEHFH
) AR IR 0 M e 3 B

M (2) iy =08, 87T DL 2R AR i
H i NS S 0 5 e T O o RTORAR B — R
VA AT HEAT R ZE T, AT AT LA F)

T=f(x,0)=f (20 )F

o (3)
a(x 1cq)+%(6 0)

ﬁ¢i%%%@ﬁfﬁ%§§x%ﬁ%ﬁigiﬁ
A A HO S
5B 2 AR 4 T 7
A= AAx + BAS 4)

topr L

— B o
i Tim

M i — F A O BEAT LR AR RO, AT
A4S 3 — R B BE SR B Al AT I 2 1k 3l 2 B LAk AN
ASRERL A 1R o

JRH A
LTU(Z$, 2302)

HELE]

1 R 5 b s 2 Y LPV A RLR 32 18]
Fig.1 Schematic diagram of LPV model established

by Jacobi linearization method

1 5 e — I M AL AT B A L AT
T THHL LPV A
i=A(p)x+ B(p)o (5)
IR T4 o ()4 F KUY LPV B %05

u u
w w
g =A,,(p) g
g 0

1.2 RERFEHIET VI LPV EE
%8 R G (5) I BRI 4% ) n) 3L, 1098 215 5
Fr(e), REWHH y(1) = Cx, C N iE 24 4k 50

[ PN ot I RER T

lim [y(1) = r(z) ]=0 (7)

H B B R 22 AR IO

z.=[y(r) —r(r) Jdr (8)
HLPVE A (6)BRE , i1 RGN

T=A 0Tt Ble)dt g
B,,,(p)r(1)
~ ; ~ A, 0
ﬁ I'"l : .I'(l): |:l(t) A (z)(P)—|: U()(p) :|’
X, C 0
~ B,, T
Bn(/)(p)|: g((;(p:|’Bmm|:O 71] o

2 HHANMYIELPVIEHISEIZT

2.1 LPVERRZHEERR

XFLPV 2 G845 il & i, 55 BT 75 28 24
BB | R 2 M [ AN 45 3K (Linear matrix inequal-
ity, LMD i . #5880 F LMIE A
fift, U e e T B 4 ] AT ORIE P R R e de g HL 2
—E M PERE TS AR o 1T S5 BROR R LMI BT, 3448 2
BRI b AFAE TS5 4 LM, O 355 0 25 00 R fie 16 7%
ME. AT 2R TNELPVREG R A2
FRLJE 25, W0 AT F T 6 ok 3878 LPV R GE , AXH5 X) Ti
MR g

FEW T LPV &%
T=A(p(t))x+ B(p(1))o
y=C(p(t))x+D(p(1))d

Alo(1)) Blo(1))
R H (o(1))— ‘
R (””)[cwu» Mpujﬁ

—MTE 4 E 2 MUE P BUE Y P 42 L ED
H(p(1)€O{H, -+ H}=

{Zk]a,»H,,a,. 20,2@- = 1}
i—1 i—1

T e — com(pn)]
Hle(ﬁk* ﬁx)

pk 6[(5&,817]

(10)

com(p)={pifto)—=pcor p, it (p)—p |
(11)
S H o BRIV B @, o8 o 4 15 5 A 2R R
B, XFMLPV RZGHA MM,
HRGEM T A, B, C. D 5K
{0100+ 0} TR IERA LR
A(p)= A+ p A+ -+ p,A,
B(p)=B,+p0.B,+ -+ p,B,
(p)=Cy+p,C +--+p,C,
D(p)=—Dy+p.D,+ -+ p0,D,

WU KE X JE MR BR Sy 2 OO Y o 3 S A 7

aQ



52 AN, B IHILY 5 LPV & He R i 4 ] 263
Al A S AR e R E A A R Z MY ik It o (1) 2 MDADT FR i
EER A N R s n = N O S N1 . Ing

Ty = To=— —— (17)
2.2 VIR LPViIE#HIZERIZIT A

ZIEWMT U LPV &8¢
T=A,,(p(t))x+ B; ., (p(1))d+
B, (p(2))T (1) (13)
x=C,,(p(t))x+ D,,(p(1))0
o : () nl B Z0KS I 9 28 2800, 0 R 3R 58 IR
BHE . TORNREFTZAMIRIE . 2(0) N
H_. MR .
EX X FUHGES o() €A BBV O< 1<

T,N,(t,T) U551 X (0] (¢, T) [a] Wi £ 62
BIRE, T, (¢, T )RR s ML X IAE (2, T) 1B 11
B R TR . SR E AR S BN, > 0,7, >0

s
N, (£, T) <N, + T"(;’T) (14)
M A5 5 o (1) HA RS ARA [A] 7,
EX 2 Bk R VAR5 o (1), fF1E
B=0,0= 0 i
x| <g|lzofle™ ™ >4 (15)

2| || A bR A 1 Y 1)
Jr) — AR B E
11" HED LPV 24X (13). A FAILEE
PECER RV, (2)MALKRE AL AL YSE 0,
éﬁﬁﬁi&ﬂ)l,y>0,/1,\>O,7ﬁﬁ(l6)ﬁij
||x||><v ><

R, WY R G e

z,<||x||>

D] e Z G RO E  HL R Ho PERE 7o
fBe st LPV A5 7 Sy 2 B s 10, U n 2 4
A A3)M LPV Yl 2 588 IR 25 B i i 1

0=K(p(t))x (18)

KARIER G — e, HEAREN L3 v,
2 L8 F 0 A8 BT R 25 S B RS S A
FAE AN AR £5 AL IR R G TR R
T=Au,(p(1))x+ B,
C,,(p(t))x+ D,

p()T (1)

19
p(1)T (1) o

P—

A s Auo(p(2)=A,0 (1) T B, (p(2))

= sz:iai‘,,(K\,,JrAK Yo Horprg

s=1ln=1

RE AT X, n W EZWERGEE n DT a, R
o3 iR A5 B A AL ZR KRR B, 75 T ¥ AK = HPE H.
P'P<I,HM E Jyidi 4 AE 500 W ORI

512" N=N",P,QNi& YL & BUH K H
EXT<I, IS

(OUN +PXQ+ Q"X P" < 0;

CFHEHE R eWEN +ePP" +6¢ Q"Q<0,
BB FHIELPV RZEA(13), i R2En HZ P
e RN, WK i H . 43 1 45 00 o A8 W D3 A8 R A
— 2 LMI, Eﬂxﬁ—/*@%%sﬁ%ﬁ’%—/\ﬂ}t*fiﬁ?"
%J%%ﬁﬁ%l?ﬂ%/%éﬂ%mo MMEB?EH E%ﬂﬁ

K(p(1)),K

Vrz( )\ﬂ_\-V,,,( ) Vn#meo PS> 0,/ U, A T3 LMIs {57
[A,S.+B,.,U,+SAL+U}B, ., +aS. SB, Ci y,B,.H SE
] —y'I D}, 0 0
* * —1 0 0 [<0
* * * }’.\;ll 0 (20)
i * * * * },;’11_
s€o,neN,S, <pS,ViF#jco
IR 2 AE AL LA il o N AFAE — 21 D) 545 i VRS A
— —1 . ~ ~
Km U.\HSA‘ neN (21) V_\- — Z.ITS_\.J? —
ffif3 4 LPV RG22 Jn — s dta € JF R A L, I .

" x S+SAL, SB[ =]
W%y, B AE S 0 R R (17), T(1) N o |l  @3)
HE B 2 B B Y Lyapunov pRi % [ - T A5 +S AT 55[ . }

V.=2 8% s€o (22) T (1) * o T



264 [ 1 A= R NI N S 4 %53 %
A Ag (p(1))=A(p(1))+ By, (p(L)) Ay,uS,+SALL,+AS, S.B,., i
M N * _’}’21 o4
K(p(1)),K(o(1)= > SUK, +AK). o 24)
=1a=1 |:D‘\" Ti|[C D] <0
e H 1 a5, R R g 2w —BU L i g, o .
. FIF Schur £ & #1583 A 45 2
BRI B e, =0 = A Vi)t [AuS +S.AL,+ A4S, SB., Cl
'\ * —y'I D}|<0
AV ()= T (T ()= =) = (1), XLl =(1)= ; .1 (25)
s€o,neN,S, <u S, Vitj€o
[c D][ * }W% \ e
r(t) HE— 25 1T
A,S +B;,K,S +SA,+SK,B,,+aS, SB, C, B, . AKS.+SAK'BI., 0 0
* —y'1 D[ |t 0 0 o|<o
s€o,neEN,S, <pS,ViFjco
(26)
A K,S,=U,, H 5| # 2 0] 1, 72 76 b5 i ., e
A.\'/IS.\ + BSa»nU.\n + S\A\In + lein\[n + axS.v SNBV‘7’ Cwll )/WB(;,WHHTBg,W + y;ls‘\ETES_\ O O
. —y'1 DL+ 0 o o|<o
. P 0 0 0
s€o,neN,S, <<puS,Vi#jco
(27)
Wit Schur @ #, X C)EM T
[A,S.+S A, +aS, S.B. C. AB,H SE"]
* —'I DI 0 0
_ <0
. . I 0 0 (28)
* * * ,1’_*1] 0
L * * * * /1:1]_
s€o,neEN,S, <puS,ViFjc€o
FH(28)F %, AR 4 K15 09 3k — 2H U 0 48 il o;: u€[ 50,72 ]
A {RAE Y4 LPV 254 — Bk sE , JF B L, 4 w&[—0.03,0.18] (31)

oy, EEE,
3 FEWRIESSH

PEO ML R AR AR RN M B (m/s)
u€[0.5,72], we[ —0.03,0.18 ] FI {ff 1 ff (rad)
0€[—0.005,0.102 [ME AW ZE S K. ¥ u s 3
A 05<Lu<<20; 20X u<<50; 50 u<<72,
M & AT A LR B R 43 R 3 A IX sk, S X I
RA

o1: u€[0.5,20]

we[ —0.03,0.18 ] (29)
9€[ —0.005,0.102 ]

oy u€[20,50 ]
we[ —0.03,0.18 ] (30)

9E[ —0.005,0.102 ]

g€ —0.005,0.102 ]

A S B 8 B LA RIS A A5 B P
BT B — R LTIRA, 2 )5 R H £ n 2tk [H
PAXT X — R IV R 15 2% HTHHLLPV ALY,
FRE 1279 PG T YR 0 B A AR e, 45 B 45 5 =
UMK A5 1 A 7R

> = & =

i
w
q

L
i A, 0O

u,—u

L6, — 6.

J;(u,.—u )dr

_J;w,—e)dz_

HAEH K

X



%2

SR LI LDV b B 1 269

Al\(p):AOX‘FAI.\L{JFAz‘vu2+A3l\u3+A4_\u4 +
Asw+ Agw* + A, w+ A, w* +
Ay 0+ A 08+ A0

(33)
B_\.(p):B()_\+B1su+B2‘\.w+B3_\6 (34')
A,,—[l 0 0 o} (35)
0 0 0 —1

RGN H.. TR
z(t)=Cx+ Dr(t) (36)
. —1 0 O 0 0 0 1 0
:C: ,D: o
A [O 0 0 —1 0 O} [O J

¥ RS (X(32)), Ho Mgk (2X(36)) %
HA=0.12, =01, 1, =01, yy =, = p;—
1.34, FI A MATLAB % LMI Control Toolbox™®,
1 2 (20~21) AT #5454~ 7 DX IgUAH 07 A9 4 o 245 38 25
A7) RGEY R o (2) B MDADT FR il Ky
T =243s,7,, = 2.7s,7., = 2.95,
95 78 SR BE A IRAN AR O B4R A5 5 0 5 o
10 0<<r<<20
30 20<<7<"40

20 40=<<r<C60
60  60<<7<C80

0.1 0<<7<<20
0.06 20<< 1< 40
" 0.077 40< 1< 60
—0.0052  60<C <80

w, 0 PR B MR AR 2~3 7, w , g 0 7 il 2%
TE 4~5 7R o

60+ -
50+
40t
30+ ;
20+ '
10

u,u,/(ms’)

[1]= L L I I L L L
0 10 20 30 40 50 60 70 80
Time /s

K2 RO i a BRI 22

Fig.2 Tracking curve of velocity component u

0.10 | -0

0.08
=l
£0.06
< 0.04 1
)

0.02

0.00} \

T =]

0 10 20 30 40 50 60 70 80
Time /s

A3 RFA A 0 B il 2k
Fig.3 Tracking curve of pitch angle ¢

0.4
0.3
0.2
0.1
0.0F
-0.1f
—0.2E L 1 1 L 1 | L
0 10 20 30 40 50 60 70 80
Time /s

P4 B 23tk w e 2

Fig.4 Response curve of velocity component w

w/(m-s")

0.2
0.1
0.0
-0.1
-0.2
-0.3

q/(rads™)

0 10 20 30 40 50 60 70 80
Time /s

PSR A T 6 g i 7 26

Fig.5 Response curve of pitch rate ¢

I A5 5 i 4G 030 8 5% 2 — 2 (9 B ), DR O 4
il #5 B U AR AW S T RAEB S, H1E
MDADT BRI, ] 22 W H At X 38 32 47 1] (8], fiff
/N A S X3 P AT R A i S D) k2 R Y
B B8 B 6] A S 494 . PR bR 5 B 4G SR T A AR
B[] 35 P9 R e 2E MDADT P9 BE A5 30 b 2 25 B 055 1
FEHLAT AR AR AR S 2 .

4 & &

ENSEE D O = | e 1 T e
MDADT VI # {5 %5, B3t 7 — 4 LPV f il # o X
A DARAFE 2R GERFAE (4 B A2 S 80 AT X R R 43, 456
Z: B i 14 £ Lyapunov PR AL, 25 H T {48 3F V) e
LPV R4 45— BUE B & M 750 k. % EF
i ) 5 ER T O A R 25 R 2 HOAS A R 2 3 ALY
¥ Wl A% 25 AR A,k LMI KR fif 15 8] T 7
MDADT Y4 75 = BRI N o9 b1t (5 25 R
TE T T HRE A AL RN A5 ] Ak A AP R AT AT

S E WK

[1] HASSENIS E I,ABDOU L. Robust LPV control for
attitude stabilization of a quadrotor helicopter under in-
put saturations [J]. Advances in Technology Innova-
tion, 2020, 5 (2): 98-111.

[2] SHAMMA J S, ATHANS M. Guaranteed properties
of gain scheduled control for linear parameter-varying
plants [J]. Automatica, 1991, 27 (3): 559-564.



266

Moa oM o= M

FNEVN

i 53 4%

[6]

[7]

[9]

LU Bei, WU Fen. Switching LPV control designs us-
ing multiple parameter-dependent Lyapunov functions
[J]. Automatica, 2004, 40 (11): 1973-1980.

FT LR B A A BT IR TG Y A R
Ml L Ho /LPV 1§ [T]. g a0 28 i K K 2
i, 2019, 51 (4): 456-465.

WANG Ning, PAN Muxuan, HUANG Jinquan. H_./
LPV control for aeroengine in full flight envelope
based on guardian maps theory [J]. Journal of Nanjing
University of Aeronautics & Astronautics, 2019, 51
(4): 456-465.

LIU Hao, SHEN Yi. Asynchronous finite-time stabili-
zation of switched systems with average dwell time
[J]. IET Control Theory &. Applications, 2012, 6
(9): 1213-1219.

XU Ning, CHEN Yun, XUE Anke, et al. A new ap-
proach to stability analysis of switched systems com-
posed of two subsystems with average dwell time
switching [J]. International Journal of Systems Sci-
ence, 2020, 51 (10): 1862-1872.

frs, & THE, EHOC, % AR AT R A S
Boad Ho EH s (1] 7840 Tolk K% 24, 2016, 34
(6): 1045-1049.

HE Yong, ZHANG Weiguo, WANG Minwen, et al.
Switching LPV robust H_, controller for morphing air-
craft [J]. Journal of Northwestern Polytechnical Uni-
versity, 2016, 34 (6): 1045-1049.

Wi, MR, AR, 45 . {05 e 3 LT 2 4 B Il 4]
Bt Ho BREFFERILT]. S Be 5 A, 2020, 37
(5): 1018-1027.

YANG Jie, CHEN Mou, XIONG Shixun, et al. Av-
erage dwell time switching robust H. tracking control
for a tiltrotor aircraft [J]. Control Theory &. Applica-
tions, 2020, 37 (5): 1018-1027.

B — k. BIHOL AT SR (M de 5t B B7 Tl i iR
#t, 2019.

[10]

[12]

[13]

[14]

[15]

[16]

YANG Yidong. Helicopter flight control [M]. Bei-
jing: National Defense Industry Press, 2019.

BICHR . LPV R GG M AR B AR 45 0 50 S H
(D] Kb ERTR AR, 2009.

LI Wenqiang. Research and application of robust
gain-scheduling based on LPV system [D]. Chang-
sha:
2009.
E IS XA, B8, 55 . S AT R A LPV A
WA RS R Ho fR I L], FAA 4R, 2013, 34 (4):
488-495.

WANG Minghao, LIU Gang, ZHAO Pengtao, et al.

Variable fain state feedback H.. control for hypersonic

National University of Defense Technology,

vehicle based on LPV [J]. Journal of Astronautics,
2013, 34 (4): 488-495.

LU Qiugang, ZHANG Lixian, KARIMI H R, et al.
H_, control for asynchronously switched linear parame-
ter varying systems with mode dependent average
dwell time [J]. IET Control Theory &. Applications,
2013, 7 (5): 673-683.

LIBERZON D, MORSE A S. Basic problems in sta-
bility and design of switched systems [J]. IEEE Con-
trol Systems, 1999, 19 (5): 59-70.

FARKEG . U LPV 2R S8 5 ) b A i P R AT A
BRI [D ] W R < I 7R ol K%, 2013,

LU Qiugang. Control of switched LPV systems with
applications to the hypersonic vehicles [D]. Harbin:
Harbin Institute of Technology, 2013.

LU Zhongda, LU Junxiao, ZHANG Jiaqi, et al. Fi-
nite-time non-fragile filtering for nonlinear networked
control systems via a mixed time/event-triggered trans-
mission mechanism [J]. Control Theory and Technol-
ogy, 2020, 18 (2): 168-181.

AL BRI (M ] b st AR R, 2002,
YU Li. Robust control [M]. Beijing: Tsinghua Uni-
versity Press, 2002.

(3. 30 8)



