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Smooth switching LPYV robust control for morphing aircraft
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Abstract: A smooth switching linear parameter varying(LPV) robust controller is proposed for the control problem of a class
of morphing aircraft. The LPV model of morphing aircraft is developed, and the smooth switching control law is designed,
in which the controllers of the even subsystems are smoothly scheduled between the two controllers of adjacent subsystems.
Then, a sufficient condition for ensuring the LPV system exponential stable and having a certain robust performance is
presented. Considering the scheduling parameter changing gradually, a switching law without constraint on average dwell
time is obtained. Simulation result shows that, by using the proposed method, the aircraft system not only has good stability
and robustness, but also can switch smoothly during morphing.

Keywords: morphing aircraft; switched system; linear parameter varying system; smooth switching; robust control

=

=]

5l

BT VN4 LPV R GEREE 1 T8 73 2 A R P 1) 253 8L

AR A TRAT 4% AN G5 R RE 05 AR AR K AT IR BT L
T AR S5 AT B IERAR AL, DLSEBLERAL T RAT 2K RE. 28
T, QAT &5 K4 R R A8 A o SR sl ek (2 AE, XA
PR UTEZ MBI TAMEA N RS2 R
gt BT gr AT A%, HAR i R ST vt i I B
PRk, A 2R AR U B FE A R,

LN S H(LPV) RG IR NIX R AT AR
BRI ) ] REAR i T — R p T R R, HLPV
R GRS A B AR AT B BORR, 32 H R — [ LPV %
il &%, T RE S AT R G RE RO E B B IO IR R 1GE H
%, UL, BT U LPV 2R 48 BAR (1032 1 25 4% il 45 21
Tz RUERAL SR [3] £H0 SRRITI 8 LPV RS
R H oo 4250 1), $2 1 —Fh E Sh B B vy
V. SCHR (4] K 1 25U 2 Lyapunov B8 807 1%, 15

ks BHER: 2014-10-09; 1&EIHER: 2015-02-09.
HEeTH: FxaRE2EEIEE I H (61273083, 61374012).

T, AT F-16 ¥HLHHT T 05 BEIE. 281, b
R FE R — BBV LPV 2%, iR 451855 11
S5 & A WS REE D)4 LPV RGHA — 2 R
SEYE 5L PRSI ATTRE S SRR GRER
BHR, Wil BRI R GRARTERE. Nk, 5T
J& T LPV RG0Fi Ul il ik 7050 Sk [S]@ i
KR B AR R R — AR M A S R, &t
T LPV RS- Uiz i 85 STk (6] 998 T LPV
RGTER NG Z RIS, P Uy a5 0 =4
Hl s BTt vk B2, Rk A EE T LPV R4
(3P D04, I AT 18 2R G 06 1, 1K X 7 5 T
WAL G ek, H R TR AT B I R g vt
JUfECE S ER

AR SRR JE B R AR AT A ] ) 4R

fEZ B TLARKA1989—-), T, A4, AR AT A i 5 W /e, IR (1966—), T3, 3%, M43 0m, A

FATEHE R VI R GEH AL



1

IAKR F: TR EFHEWELPV FHisd] 67

H— P D) LPV & i 4% il 2% 1 e ik 7 ik, R
ERAT R BB R UM ARG A LR RS LT
11 LPV R4, J4 122 5 HUE X R 2 R 8 80
FIXL ik ) e il 2, o s 2 e
A5 ARSI A A 8T R G i A R AR AR 2, 44 H
TRUEV)H: LPV R4 fa #ie e H B A — & &tk ae
7o 2. H RSB B R, 238 TRE
S 257 5 B B[] R ) ) D) e, B T 4R IR R S .
D7 BRI T BT s 75 v A .
1 AR EAITRLPV &

R E 1 BTN LR S B TR RAT AR K
1 (Fire-bee)” 781, ‘& /& 32 [ NextGen fiii 25 /A 7] 3 11
— BT N BRI AENL. £ AT IR, 1% AT
PN 5 B A N BEAE 15° ~ 60° [A) HE 2245 fk, Sz
TE ST 7 R0« 3 P R B R ) B . e L€ =
(A = Xo)/Xo NHLE JE 15 A BT 2 (LU T AR AR T 28),
Ho \g = 1558 “ I8/ MBI N HLE JS B A, 5
€€ 0,3. BEITHEEHEHRNESEL =
9144 m, LA % Ma = 0.5 1E KPS 5038 F K,
HRF R E3) EFH, SOzl iR R 5 AT
EFSHEPS

T
L

El1 HEERERATE TR
AT B 5 AR 3 ) SO T
Ry

mrVr(& —q) =

gmy(cos 6 cos o + sin 0 sin o) —
SqCrL(\, H,Ma,0.,q, &)+
(M + Maly)sina — 2(MyEy + Mada)q cos a,
Jrq=
SGcCon(\, Hy Ma, 6e,q, ¢t) — (myz? + max?)j—
2(MayTEwy + MaZTala)q- (D
Horp: Cp~ Coy RSB IR BN 1 F 4, W AR,
RN
Cr=CrL._o +Cr,a+CL; b,
Cm=Cm__, +Cn o+ Cpy de;
o, q 7R BU AR A A 5, A THRERE I A Vs
H Ma- 0737308 CAT B | 1 B« Bk HiORT it 328 65t
s @~ g 73 9B N g I R HeAth S S B

OO 3k 10,
Fz1 TEITRGESHY

ZH AR A
JEtf A/ (%) 15 60
WAL BR T /(kg-m?)  3107.5 3107.5
M mor/kg 907.8 907.8
B E m, kg 272 272
At Em kg 26.36 26.36
BLR L ALE 2,,/m 0 —0.6072
BCHE PO E z0/m -32 3.0656
R S/m? 43621 6.0792
KE5%K c/m 0.7101 19117

e =0,03,06,-- 3L 1TAMEMENTHES
%N % SRR 2, R BOR FE m, (HH AR
WK, BT LS5 S U 2R G B IR AN
#. 18 F Fluent 8RR tHH AR € F RAT S I R <3
40, FFi B Matlab 340 45 208 347 46 B 40 &,
3B AT RSN SHEG LR IR B R A

Cr._, = 0.05437¢% — 0.208¢% 4 0.147 6¢ — 0.103 6,
Cr, = —0.894¢ + 5.538,

Cl,, = —0.00053¢ + 0.006 5,

Chr._, = 0.5835¢% — 2.223¢2 + 1.639¢ — 0.000 35,
Char, = 0.047 43¢ — 0.300 3,

Ciny. = —0.006 66 — 0.0222.

30 (D) BT 19 6T 2% 28 M A 2 R OR i LPV
RT3 A M T bl 2R PR AL IR A AR e A Oy FE S e
3FhTT RO, AR SCR R e N Tz R B 2 P A
ik

T e, i B — 4 55 A T A DX 4R T4 A
eI, FIREIRELE = 0,0.3,0.6,-- -, 331X 11 AN F17 .
T, %

fi=

1 S
(mTVT > (gmr(cos 6 cos a + sin € sin ) —

SqCL + (M + mai,) sin a—
2(Muyd + Mada)gcosa) + g,
SqeChry — 2(MypXyy + MeTaTa)q
2= Jp + (M2 + mga?)
FIE AT R PERESREAR T EHTF K,
B f1 =0, fo = 0, WIA] RATH 545 2 &7 pi ik A2
e (€)~ qe(€)~ bee () HIMH. SRJF, & UM ZEAL
Aa=a— a.(§),
Ag=q—qe(),
Ad, = b, — boe(£).
B2 (D) PR AR LI AE % HANE € R P47 fldd




68 = Ll

* R % 31 %

LETEA, 52 11 AN R

A . A11 A12 A« Bll AS
Ag Az Az Ag Ba ‘
H
0 0
A = aj;l , A = aj;l ;
0 0
Ao = ?f? Ay = 8{]2
0 0
By = 67?7 By = 8?;2'

G, KRB 1A MRS AR AT BUE L &,
R A] AL AR A AT A8 A 1) K SiE 3 LPV AR A

&(t) = A(€)x(t) + B(§u(?). (2)
Hep RETE 2 = [Aa AgT, EHILE w = Ad,, H
f

A =
0.2255¢ — 1.396 7 1
0.0876£2 — 0.4889¢ — 0.3775 0.4489¢ — 0.8229 |
B(e) = 0.000 34¢ — 0.001 638
0.000053£2 — 0.044 151 — 0.143984 |

2 YIEHLPV &%
eI LPV &4t
{MﬂA@mawzﬂmmw+Ewmax
y(t) = Clp)ar(t) + D(p)u(t):
Hoof: a(t) € ROIREA, y(t) € R Syl b,
u(t) € R" NEINZ &, w(t) € RN, p € R
HH B B HL LI AT, ZECEEE AL B O Dy B4

3)

N p BIRR L. ABE p AR p A T}
O={peR:p<p<p}, “4)
V={peR:v<p<v} (5)

¥ p KA XA © X 73y J A X T8], 55 5 A7 X 8]
0; AR RN

@j:{£j<p<ﬁj}vj€Nh (6)
H N, ={1,2,---,J}.

XTI 2 AR R J AT IXE], R 3) Bl 5
RNINTFRG. 8 Xo(t) : [ty,00) = Ny ANRGHIY)
BA5 5, A, o(t) Mk TS & p, B (5) 7f
A, AR B B WA R, BT LA R SR D) # A
RAAEWS AT IXE LR R RY#HLPV &
5

#(t) = A;(p)x(t) + Bj(p)u(t) + Ej(p)w(t),

+ Dj(p)u(t), j € Ny.

(7

Fa TR TR AZARAS S 2
u(t) = K;(p)a(t), j € Ny, (8)
RRNHAF VI LPV KRR
{ﬂﬂ=A¢AMﬂﬂ+Bhﬂmw®7
y(t) = Caj(p)a(t).

€))

Hrp
Aa,i(p) = Aj(p) + Bj(p)K;(p),
Ca,j(p) = Cj(p) + Dj(p)K;(p),
Ee;(p) = Ej(p)-
3mSR
31 ezt
E XU 3t F Y14 LPV & %5 (9), 15 % U] 45 1
o(t) fEN TE B AT > 0 W YI#IRECN N, (AT), % T
fEE Ny = 0, 5 AR
No(AT) <
FRAL, W 7o FR 9T 29T B HTIEU
EX2 WRAAEYIHE o), (515 RERPIRE
B2 20| < aflz(to)le™ P, a > 0,8 > 0
t > to, MIFR R G2 T BAa e 1.
EIEB1 HEHAKTFELPV RE(9), 4 br =
B> 0,pu> 17> 0 XTHEKNSEERNNE, 17
TEELL P PRI IE L RS P (p) = PT(p) > 0, A3 HERE

(10)

A&
Paj Pi(p)Ea;(p) Ch;(p)
* —~2I 0 <0, je Ny (1)
* * -1
1 - .
;Bjﬂ(P) < Pj(P) < M£j+1(P)7 Je€Nj_1,
NJ71:{1727"'7J_1} (]2)
Ror. Horp
D ;= AL (P)Pi(p) + Pj(p)Act s (p)+

BP;(p) +{v, ﬁ}a—pj,

P;(p) = Pi(p)lp = p;.

£j+1(p) Piti(p)lp = Pitr
{v,0} RANBIHS LN EREEE TR HRGHF
51 9F B I [R]85 2

T8> Th = hl% (13)
M Z4: (9) ta¥ife e HEA &8 Ho TERE .

WA XT38 5 AT &4, iR B Lyapunov BRER
Vi(t) =z (t) P(p)=(t). (14)



1 IRRk F BARTEATE-FRWELPV S4454] 69
V; (t) HOR ) S % W Fob ]
( ) = Fjll ]—'}2 EJ(p) 0 Gj
* Fj22 0 sz4 0
8 AL (0)Pi(p) + Pi(p) A (p)+ r=| « » 210 o |
P;
; 3p<p>) (t) + 22" (O Py (p) Bt (p)u(). bow e 10
Hap(t) = OB, R (1) V() < —BVi(1), MRS Lo s B

1 V; () 5 R A
Vi(t) S Vi(th)e )t > 1), (15)
Horh ] FoRE § AT RGBT I GRS Z).
¥ RG0S AT B 18] DX 18] 2 B [to, t1), [t1,ta),
 [tnetst). BT PIHAOR A TEFIX A5 L,
p> 1A (12) v, 75 1) Z)
Vi) V0 < V(D). € Noao (16)
Y RGUBITIEL € [ty, tryr) B, B30 (15) A1 (16) 7] 41,

Z 4t Lyapunov bR H0ili &

V(1) < Vo (tr)e 7071 <

WV (1 )e P70 <

AT (T S P

ukvo(to)(to)efﬁ(tfto) _

OV ) (fo)e™ P I0) =

Vg(to)(to)efﬁ(t*toHNa(t,to)1ny <

Vg(to)(to)e_%(ﬁ_%)(t_to)_

prif: 1

a= 10 Awin(FP;(p)). b= 1085 Amax(P; (1)),
CIES;

b —(B—121)(t—to)
(o) < 4 Llatia) e 30500,

R G 11 S ¥ 5E R R TR 2 X (13) B, D 4
LPV 245 (9) 163 E. R4 (9) B Ho TERELIH o
{1 IF ) S 5 e I Sk (110, Be b AR A . O

sFE1 D) A7 7E Lyapunov 8 £ B Py (p)
5RGHEMEZ MG, & — NI n 8, v
ik 5N B0 R R S FH 45 5 5| F K S IR A .

FE NI B, B TR 5 1 B0 Hoo T REME
M, R3] R G (7) (& HARAS SASHE ] 4%

EHE2 FHEUIMLPV RAR(T), %4 Ehiﬁ >
0, p > 1, v > 0, &5 5 8w a) 3 2 =X (13), X F
F A (0 S BRI, 5 A7 A5 3% B2 0] A 1) 3 4 FE

Pi(p) = PF(p) > O FIELEFERE G}, Q;(p), MifFL M
AN
I; <0,j €Ny, (17
1 -

—P;1(p) < Pj(P) < MBjJrl(P)J €Nyj—1 (18)

I

It = ~(G;+G).

I} = A;(p)G; + B;(p)Q;(p) + Pj(p),

oP;

I3 = ~P;(p) + BF;(p) + {00} 57,

I = (Ci(p)Gj + Dj(p)Qi(p)) "
W& 55 (7) e $kase H AT &6 0, HRE Y.

LR iﬁﬁ_fﬁﬁﬁr DD PRAS B s i 25 1 38
AN Kj(p) = Qi(p)G;

VI B A L SCHR [12].
32 FEUBREEEHSERT

N RGURSTE VR B P BRI S, $27+
R RIEHIPERE, Wit — R IE DI 5138 K (p):
LT RNTH, Yp e 0;(5 = 1,3, ,J) 1, Eiil %

K(p) = Kj(p); Fip € 0;(j = 2,4,--,J — ) I, %
5 K (p) = Kj-1,+1(p)s Kj—1,5+1(p) HAHLF AT
RGNS Ki—1(p)s Kj1(p) MG ELS. BIFE
DIyl #s vl Ron A

K(p) =

Kj—l,j-l-l(p)v P S @j7 ] = 274a"' 7J_ 1.

Hrp

K;(p) = Q;(p)G (20)

Kj1541(0) = Qj-1,41(0)G 1 11

Qi-15+1(p) = 01(p)Q, , () + 2(p)Q;-1(p), (1)

G141 = (p)Gjp1 +aa(p)Gj_1, (22)

alp) = LN () =1—anlp), (23
Bj+1 - pjfl

@ 1(p ):Qj—l( )|P:ﬁj 15

Qi =Qinalplp=0p,,, (24)

EE3 HBEVRLPY RE(T), BEWREL >

0, > 1, v > 0, % T WS EBCENITE, FAFAE

B T & 4R B Py (p) = PF(p) > 0 FE SRS
G, Q;(p), E 3R MERPEA

[;<0,j=1,3--,J; (25)

[j1ji1<0,5=2,4,--,J—1; (26)

Fj1ji1 <0, =24, ,J—1 27)



70 1= # #* R 531 %
ROL. e 1y RE R (17), BA Ij_1441 < 0. (31)
j_’j 1,7+1 — ;H\:EP

F111 41 F —1,j+1 EJ( ) 0 Gj+1 Fj*LjJrl =
22 24 r T
* F 21+ 02 F —1,j+1 0 pjlil’jﬂ F}El,jﬂ E;(p) 0 Gy 101
’ . —rd 0 0 , * FJZEl,j-i-l 0 F]241 Jj+1 0
* * * —1 0 * * —2I 0 0 )

L * * * * _BJ’-H(p) ] * * * —I 0
Iy g = =G + G, | * * *  =Pi1jn(p)
f}ELHl =A;(p)Gj1 + Bj(P)QjJrl(p) + Pj+1(p) FJ‘111 1 = _(ijl,jJrl + G}ll,jJrl)a
szfm“ = Fjl Lj+1 = A (P)Gj-1 41 + Bi(p)Qj-1,5+1(p)+

z Py an(),
(5-1+ 22 )+ ey 252 L P
P i % Iy =
I 0= (GG + Di(0)Q.,, (p)" p

j—1,5+1 J Jj+1 J pi P ) ~ ~ . OP:_+
) i — Pj_1,j+1(p) + BPj-1,j+1(p) + {v, v}%,
Fj AR 24 Y T

7 I Ci(p)Gj—1+1+ Di(p)Qj-1,+1(p)) -
F_]lll_]-‘rl F]‘131,j+1 Ej(p) 0 Gj71 j=1,54+1 — ( ]( ) j—1,j+1 J( ) J 1J+1( ))
* 22 0o 0 <
J—1,7+1 1,75+1
* * —y2I 0 0 ; Qi(p) = Qj-1,5+1(p),
% * * —I B 0 G; =Gj_1j+1,

L i * * ~Pialp) Pji(p) = Pj_1541(p),

Ity =G+ Gly), W= 2,4, ,J — LI, RED&EH TR 17), B

5 —= = = ¥ 2% .

D2, o0 = A5(0)Gi + Bi(0)Q, 1 (p) + Pya(p),  HEBIEMARIEEE
I 21 1= K(p) = Kj—1511(p) = Qj—1,511(p)G; 11 j11- (32)
{v,7) 8E1 i eral Q25) A g, X T vs e Ny, sRA7) oL, BT
(p-1+ 2 ,),H) ~1(p) +{v. 7} Y] B 25 R T 158 (19) 795,
P; _

R mmﬁa%jﬂlég_24 J—118,P.(p

P2, = (C0)Gya + D;-(p)Qj,l(p))T. )

MRS (7) feiia e H A &4 H, THRE y.

A FIRANGE XA TTAT A, W00 s ) 25 00 3
iR = (19) 753

W DY = 2.4,---,J — 1K, 2 ©26)
A7) AT AN AH A

ar(p)Tj-1 441 +aa(p) 10 <0 (28)
BT, E X

Pio1ji1(p) = a1(p) Py (p) + a(p)Pj-1(p), (29)
i

{v, U}apj 1J+1 =
o (p)({e }*f“ T p e
as(p)({v, }ap’ 1+p{vﬂv} i-1(p). (30)
—j+1

2470 (21) ~ (23). (29) A1 (30) AT 41, 78 (28) Z54fr
ﬂ:‘

UEP()—BﬁA)%uﬁWENLh
() Poi(p), S FRA8) H p =1, HX (13) 7]
/NP RIBE R TR 7 = 0. O

2 HTHETHSEZEMHRRME, £
HifgH2h, RERSL R 7 XA DR EX
Lyapunov B& #URE FESE H 1 20 (12) AT (18) Fras [ 29 31
S, R AR 3 b, @ I BT E T U] 4 ) 4 DA
JeE S Py 1 (p) W03 (29) Fiow, 1851 T BAT P15
B T 1) PR ) D) 45, BRAIR T S50 R DR P .

F3 ACHATIR T HS RN WS, Xt
T2 4 MG, Frée ik FRGE . E X ITE
T, K21 (22) F1(29) P s Y GV i 15 B — 4E =
)47 Ji 1) 2 4 25 1]

T % S s, X (25) ~ (27) X R A G
IS 20 P 282 1 R AN 25 5L, AT SR P U AL 356 R 250 D) 4%
Tﬁzﬂ%ﬁ%%ﬁfﬁﬁaéﬁm LMIs!31, 3 BT AL 8 o %

ijﬁ ). WAy

"U\II



1 IAR F: TR E-FRWILLPV 45454 71
nf — i
(o) = (DO, - = [1.6,2.2], 05 = [2.2,3], A5 2 Q1(p)+ Qs(p)~ G

o) = 2 KP)Qus0) B G, FONTR (19) 18503 T R M1 8 256 1

. s _ Gl

Pi(p) =>_ filp)Pi(p) > 0. (33) o
i=1 1=

HIL1 HRYUILPV &% (7), B E & B, %t [—45.486 1 4 5.71766 —17.9006 + 2.241 9¢],

TAEREM j € Ny, v LGEE R AR LR A ] B Tk
DR B B 3 1) 25
min~y, s.t. 2 (25) ~ (27) 1 (33), (34)

T R SR P4 1 2% 38 25 R T =0 (19) SR 75

Fa KRS E X IR A AT X A,
ANEORI B FR (0358 HUSEE 3 A2 T M R R AR )
BIEE N, A3 7 IX AN BUS AT RE /N, LA D4 1 I
K. WS AR R X R 5 Tl g i 5k

Step 1: %€ J = 1 HIUAK & FAEBEFRAR N 0.

Step 2: ¥ S BRI N J A7 X, fERTA AT
RE IR 23 o, sl i SR A =X (34) Pl 1 AL i) i, 453
B 4 1 B 48 br B /DRI 2 7532, LG 1 BE 48 AR
HE.

Step3: # v < o, MZ LR, BWES T = J +
2, ik [1] Step 2.
4 RS Hr

NI BT BT I 4 4 1) 45 1R 45 R, LA Fire-
bee [ LPV 158U R G137 5 FLIRUE. % [ETF3E LPV &
4t (3), MBI E N RGBS ERE, 4 Alp) = A®©),
B(p)=B(£), A(&) M B(&) A (2), C(p) = I2x2, D(p)
= 0. N T B INATH 5 R A MG HERE, E(p) HI%
THRAE ST 5 w(t) WA RS & T HAEH
K= A, HTRESAR & W RE M BUETE Fl Aa
W& /NF Ag, 74 E(p) = [0.4 0.5]T.

B2 AR TR EHELPVIER R4 W H
W G(&) NBAA KAT B LPV A K (&) N R Gifa il
&, w MBS, 1 NRASFRN, y NR G,
w NFEHIN, Wes Wy Wi, 20 B8 BB B 3% 22 AL
2 ] ISR B 75 R, B v I R T 2 L SR (8]

2 E#LPVITHIRGEWN

WE JE A AR A 2N T 30/s, 1] AN 2 (4) F
G)H 6O =103,V =1[-020.2]. FAHMKEEAE 6
B153 80453 930 A MK, 4% B = 0.8. W€ T & #E
PERE K P yo = 1.5, 83 3K AE =X (34) 19 ™ AR 4k 1) &,
PG, THEAR B Hoo W 7 H | AKF v+ =
1.4194, WSZ &R A3 N T XA 6, = [0,1.6], 6,

Ky =
[—46.2842 + 6.216 4¢ —18.1576 + 2.4025¢],
Ky =
[—48.2345 + 7.1029¢ —18.824 9 + 2.705 8¢].
b e AR T 2 Bt ][] P A8 A R 9
0.2t — 1, 5< ¢ < 20;
3,20 <t < 30;

£(t) =
—0.2t+9, 30 < t < 45;

0, otherwise.
Ty R RAT A AE AT RE AR b, K R AR 4 kD), V)4
I 2073 N5 1355 58 16+ 2 34 s A2 37 s.

58 UE 4% 1) 28 45 1) 6 s 1k BT W DD R A, AR
EINFTIAE T A wE) = e O sin(0.27t). 7E[F—X
)47 T, s e B 2 Bt AE-F i Ul il 4%, 5 A
SCHTBCTE 1 U0 4% ) sk, 2 AT AR AR TR
TR AR . il & B 3 ~ 5 s, B e
o bR T 4NV Z, ccom s Geom 73 ) 5 75 1 Ay
AN 22 AREAC A 33 28 075 L B 2K, otnosm ~ Gnosm 70 1 9 FE
S D44 ) A T A R A a7 ot 4%,
Qsm~ Qsm 73 A 11 D) 428 o) 2 4 T T 34 4 40 {1 A0
F AT FL 2

0 lIO 2I0 3I0 4I0 50
t/s
E3 AT ikahsk

4 FMBERT L



72 EL 1 5 * R 5 31 %
2:5 0.8 Fe=o== [4] LuB, WuF Kim S W. Switching LPV control of an F-16
15 1-0.4 \a 0.4 “‘// I: aircraft via controller state reset[J]. IEEE Trans on Control
~ 0.8 1}) 34 35 Systems Technology, 2006, 14(2): 267-277.
3 05 W [5S] Hanifzadegan M, Nagamune R. Smooth switching LPV
h o [\‘T”—'“ controller design for LPV systems[J]. Automatica, 2014,
i B W b 50(5): 1481-1488.
15 ) ) T deum [6] Chen P C. The design of smooth switching control with
0 10 20 30 40 50

E5 FAREREAEmIEILrhsk

EH ] 3 R 4 0T L, 2 K AT 88 Ja B A 2 AR A HL
AEAEAN T PR, AT 2% 300 7 A0 A 3 %6 i i B
BRI B NS (5T, RO R iR e A w1k
[, 7EEI 3 ~ 5 H, LS 134 26 16 s FIIEE 37 s = A
Y135 i 220 451, 368 5 8 5 T8O B R, 7E R Gk A2 )
et KA AT ) il 28, TCAT SRS A i
A LR R RHR, TR AR SO v R~ T8 ) 6
Py, KRGV RE T, S RE R AT
5 4

ASOH JE A A T RS AT 2SR L U LPV R 4,
WE P V)il 28, Hoh 3T R Gui il % B A 4T
T RGP 2R LR (AR 2. 7R AT e Mo B Fl 4%
il 2 e TH iy, RIS E R R, 5 R T RA
ST 35 5 B B TR) B ) 0 D0 B, BRAG T 20 B AR S
D7 A R, AL T 36T D) sz i 48, Frig ik i
P U B M i I B A A AR AR AT SR AE B R I
(A E PEAE PRI, T HL AR SE AR TR R P V)
.

£k (References)
[1]

Weisshaar T A. Morphing aircraft systems: Historical
perspectives and future challenges[J]. J of Aircraft, 2013,
50(2): 337-353.
Shamma J S, Athans M. Gain scheduling: Potential hazards
and possible remedies[J]. IEEE Control System, 1992,
12(3): 101-107.

Lim S, How J P. Modeling and H control for switched

(2]

(3]
linear parameter-varying missile autopilot[J]. IEEE Trans
on Control Systems Technology, 2003, 11(6): 830-838.

(7]

(8]

(9]

[10]

(11]

[12]

[13]

application to V/STOL aircraft dynamics under input and
output constraints[J]. Asian J of Control, 2012, 14(2): 439-
453.

Seigler T M. Dynamics and control of morphing
aircraft[D].  Virginia: Department of Mechanical
Engineering, Virginia Polytechnic Institute and State
University, 2005.

FH, £, G, & T EE AR R AT
HEFELPVIEHII]. R LR S5HETHA, 2014, 36(6):
1130-1136.

(Wang Q, Wang T, Hou D L, et al. Robust LPV control
for morphing vehicles via velocity-based linearization[J].
Systems Engineering and Electronics, 2014, 36(6): 1130-
1136.)

Marcos A, Balas G J. Development of linear-parameter-
varying models for aircraft[J]. J of Guidance, Control, and
Dynamics, 2004, 27(2): 218-228.

Hou Y, Wang Q, Dong C. Gain scheduled control:
Switched polytopic system approach[J]. J of Guidance,
Control, and Dynamics, 2011, 34(2): 623-629.

AN, SO, R IEf. SV LPV RA M EHE Heo
TR I]. FEH 5 PSR, 2013, 28(3): 456-460.

(Li Y H, Huang N, Guan Z W. Robust H, filtering
for continuous switched LPV systems[J]. Control and
Decision, 2013, 28(3): 456-460.)

ERE, EWIL, Mm%, W LPV 2R M Hoo #2515
TP, IS S5 R, 2005, 22(1): 144-148.

(Wang J L, Wang C H, Gao H J. Advanced Hoo
control approach for time-delayed LPV systems[J]. Control
Theory & Application, 2005, 22(1): 144-148.)

Wu F, Grigoriadis K M. LPV systems with parameter-
varying time delays: Analysis and control[J]. Automatica,

2001, 37(2): 221-229.

(Tt th: #EF)



