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GN DINH MAY BAY CANH CUP CANH XOE TREN €O SG
DIEU KHIEN BACKSTEPPING VA HIEU CHINH RHO

THE COMBINATION OF THE BACKSTEPPING METHOD AND OPTIMAL FILTER TO THE FLIGHT STABILITY

OF MORPHING AIRCRAFT

TOM TAT

Dé dam béao do 6n dinh bay ctia may bay cdnh cup, canh xoe, bai béo dé xudt
mot thiét ké diéu khién - hiéu chinh két hop. Phuong phép diéu khién trugt
Backstepping dugc sit dung bao dam tinh 6n dinh quj dao bay. Hiéu chinh géc
dudng bay theo phuong phap t6i uu hoa timg doan. Tir két qua md phong cho
thdy g6c duding bay, quj dao bay da bam sét tin hiéu dat trong qua trinh bién ddi
cdu hinh canh, hé théng diéu khién bay dap ting t6t cac yéu cdu vé tinh bén viing
va tinh tdc dong nhanh.

Tir khéa: Diéu khién trugt cudn chiéu, ti uu hda timg doan, mdy bay, gdc
duong bay

ABSTRACT

To ensure the flight stability of morphing aircraft, the paper proposed a
correction system combined with control system. The nominal controller was
designed by the backstepping technique, which was used to provide the basic
flight stability as well as the tracking performance. The correction device was
designed by the receding horizon optimal algorithm based on the command
filter. The retrofit value was calculated to compensate for the nominal controller.
The simulation results show that the flight path angle can track the command
signal regardless of morphing process, and the flight control system satisfies the
requirements of real-time and robustness.

Keywords: Backstepping controller, Receding Horizon Optimal, aircraft,
altitude, flight path angle.
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1.DAT VAN BE

M4y bay canh cup canh xdela dang may bay c6 hai
canh chinh cé thé xoay dé thay déi goc gilia canh va than,
tlic c6 thé "xoe ra" hay "cup vao" dugc. Piéu nay gilp cau
hinh canh cla may bay c6 thé dugc thay ddi trong qua
trinh bay. Khi bay cham, dé tranh bi trong tranh & téc dé
thap, may bay xde hai canh dang rong ra dé gilr thing
bang. Con khi bay nhanh, may bay cup canh ra sau dé giam
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can gid, bay cho nhanh. Cau hinh canh cup canh xoe hiu
dung nhat trong trudng hgp may bay dugc yéu cau phai
hoat déng t6t & t6c dé cao lan téc dé thap, va vi vay n6 chi
yéu dugc st dung trong viéc thiét ké may bay quan su, nhu
mau may bay Mirage G8 clia Khéng quan Phap & hinh 1. Vi
du v&i may bay chién dau chl yéu bay véi toc d6 ha am,
nhung bat thinh linh tang t6c d6 1én siéu am khi can thiét.

Tuy nhién khi cdu hinh canh bién déi khi bay sé anh
hudng xau dén dac tinh dong hoc cla may bay, dan dén
nhiing thay ddi phi tuyén cta luc khi déng va mé-men
x0dn, lam tang d6 bat dinh ctia mé hinh, su 6n dinh bay sé
bi anh hudéng rat nhiéu. D& dap (ng yéu cau vé chat lugng
bay, hé théng diéu khién bay dugc thiét k& can dam bao su
6n dinh bay trong qua trinh nay.

Hinh 1. Mdy bay cdnh cup canh xoe

Phuong phap Hee da dugc st dung thiét ké bo diéu
khién cho UAV bién d&i cdu hinh canh [1], tuy nhién d6 én
dinh quy dao bay gidm khi t&c d6 bién déi tang lén. Bo diéu
khién Backstepping trong [2-4] da gidm thiéu sai s6 bam sat
quy dao, tang kha nang chong nhiéu. Mang neural
networks da dugc st dung dé udc lugng tham s6 mé hinh
khi déng hoc clia may bay khi bién d8i cdu hinh [3, 4], véi
phuang phap nay can bé dir liéu I16n dé hudn luyén mang.
Phuong phap diéu khién trugt [5] dugc dé xuat 6n dinh goc
chic ngéc, két qua moé phong cho thay hé bén viing va cé
thé& dam bao su én dinh bay trong qua trinh gap canh.
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Trong bai bdo nay dé xuat bd diéu khién trugt
Backstepping két hgp t6i uu hoa tiing doan RHO (Receding
Horizon Optimal) dé tai thiét ciu trac bo diéu khién, dé
diéu khién bam sat géc dudng bay clia may bay khi bién
déi c4u hinh canh.
2.MO HINH PONG HOC

Khoang tinh S clla mdy bay c6 thé dugc xap xi bang
cOng thuc sau [6]:

S~y =( 2m, +my ) 1+ O + Ok M
k=

1

Khoang tinh may bay doc theo truc x cla than la
S, =2mr_+m.r . Hé thong diéu khién goc dusng bay
theo chiéu doc clia mdy bay bién hinh la:
G:L(L+Psina—nmgcose—ﬁz)

mv
d:i(foPsinaergcoseJrﬁz)

mv (2
L
q:_llq+|—(—sxgc0519 +M, +PZ; +M,)

y y

i=q

Trong d6, P: Luc ddy clia dong co, c6 phuong, chiéu
trung véi truc doc cllia may bay; 9: Géc chuic ngoc; a: Goc
tan; 0: Goc nghiéng quy dao; m: Khéi lugng may bay; g: Gia
téc trong trudng; V: Téc do bay, dé nghién ctu dnh huéng
cla qua trinh bién hinh déi vai goc dudng bay, trong [6]
chon diéu khién V & mét gia tri ¢6 dinh; I: Quan tinh
chuyén ddng xung quanh truc y ctia may bay; T: Luc diy
song song vdi truc x ctia may bay; Z;: Vi tri dat luc ddy T; F,
va M: Luc quén tinh va moment quan tinh gay ra béi qua
trinh bién d6i cau hinh canh:

F. =S, (qcosa—q’ sina) +25,qcosa+-S, sina a)
M, :SX(Vsina+Vdcosa—chosa)

L 1a luc nang; D la luc can; M, 1a momen khi déng hoc

g6c chuc ngoc.

L=0Q5,(C, +C a0+ CL&e 5.)
D=Qs,(C,, +C,a+ CD(12 a’) (4)

C
MA :QSWCA (CmO +Cmua+cmée 6e +Cmq qz_\;)

Trong d6 Q = pV?/2 la mat do khong khi; S, 1a dién tich
tham chiéu cta canh; c, l1a @6 dai hinh hoc trung binh cta
canh; 8, 1a goc suy gidm cta bé mat nang ha; C, la hé sé luc
nang clia goc tan tai goc; C, va Cis la hé s6 luc nang véi a
va §,; Cpp la hé s6 luc can nang tai goc; Cp, va Cp,” 1a luc can
vGi ava o’

3. BO PIEU KHIEN BACKSTEPPING

Xem xét nhiéu bén ngoai, cong thic (2) dugc viét nhu

sau:
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8="f(x)+ga+d(t)
a=f(x)+q+d,(t)
q="f,(x)+9,5, +d,t)
v=q

Trong doé f,(x), f,(x), f;(x), g, va g, la cac thong s6 hé
théng dugc biéu dién nhu sau:

f,(x)

1

1 .
:W[QSW(CLO +C,8,)+Psina-mgcos6-F,

1
f(x)=
(%) oy
1(05,6(Coo GG )5, geost

| . (6)
Y +|yq+PZT +My

1
gl _W QSwCvax

(L-Psina+mgcos6+F,)

f,(x)

1
6, =-05,,Co,
y

T

x=10 a g 9| lavector trang thai, d,(t), d,(t), d;(t)
la nhiing nhiéu loan bén ngoai. Vi gia tri chinh xac cla cac
tham s6 hé théng va céac thong s6 khi dong hoc khéng
dugc biét trong qua trinh bay thuc té, phuang trinh (5) c6
thé dugc biéu dién dudi dang phi tuyén tinh nhu sau:

6= 1,0 + 9,00+ A,(x)
a=f,(x)+a+ 4,00
q = fso (X) + g206e + As (X)

¥=q

Trong dd, f,,(x), f,0(x), f3(X), 9o Va gy la cdc tham sé hé
thong danh dinh da biét; A,(x), A,(x), va A;(x) la s6 hang
khéng xac dinh t6ng quét khéng tuyén tinh cha hé, dugc
biéu dién dudi dang sau:

A, (x) = Af, (x) +Ag,a +d,(t)
A, (x) = Af,(x) +q+d,(t) (8)
A, (x) = Af,(x)+ Ag,d, +d,(t)

Af,(x), Af,(x), Afy(x), Ag,, Ag; la s6 hang khdng xac dinh
phi tuyén ctia tham s6 hé thong.

Gia thiét 1: Cac bién trang thai can thiét cta bo diéu
khién thu dugc bang phép do. Cé ton tai hang s6 da biét
D,> 0thdéa man Ai(x) <D, (i =1 2 3).

Pinh nghia:

6=6-6,
a=a-a, (9)
a=q-q,

Trong d9, 6, la tin hiéu dat goc dudng bay; a, va g4 la tin
hiéu diéu khién 30o; 0 1a sai s6 bam tin hiéu dat goc duong
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bay; & va ¢ la cac sai s6 bam tin hiéu diéu khién do. Su
dung bo loc bac hai [2] cé dugc 6, va tin hiéu vi phan bac
nhat ctia n6é Gd :

2
ed _ wn

4= (10)
0, °-28ws+w
840 la dau vao b loc; w, la bang thong; ¢ la hé s6 tat
dan.
Gia thuyét 2:0,va 8, la cac ham bi chan.

Budc 1: Xét phuaong trinh vi phan géc dudng bay trong
hé (7):

Y =fo(0)+9g,a+A4,()

Tin hiéu diéu khién 4o thiét ké la:

(1)

a, = [ kO —1,00+8,] (12)

d
910
Trong d6 k, > 0 la tham s thiét ké.

Budc 2: Xét phuong trinh vi phan géc tan cong trong hé
(7):
a=f (x)+q+A,(x) (13)
Tin hiéu diéu khién do thiét ké la:
q,=ka-g,0-f (x)+a, (14)
Trong d6 k, > 0 la tham s6 thiét k€, ad la xdp xi ctia a,,

dé lay ad st dung bd loc bac nhat:

kfaad +a; =a,

a,(0) = a,(0)

Trong d6, k. > 0la hang s6 thai gian cla bo loc.

(15)

Budc 3: Xét phuong trinh vi phan van téc géc trong hé
phuong trinh (7):

q = f30 (X) + g206e + Aa (X)
B diéu khién thiét ké Ia:

(16)

1 . -
8, :—[-kSq-a—fgo(x)—i—qd] (17)
20

k; > 0 la tham s6 thiét ké. Tuong tu, st dung bé loc bac
mot dé 1ay ﬁd :
quad +ad =4q
9,4(0) = a,(0)
ko, >0la hang s6 bé loc.
Dinh nghia sai s6 loc nhu sau:

¢, =a,-d,
Cq :qd_ad
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DPao ham cda sai s6 loc nhu sau:
: 1 .

¢, =——C,+a,

. ! (20)
Cq = *k_CqJqu

fq

o

Theo biéu thuc clia a4 va qq ti gid thiét 2 cé thé thay
ton tai cac hang s6 da biét B,, > 0 va B, > 0 thoéa man
|Gd| < BaO ; |qd| < BqO :

Ham Lyapunov cta thiét ké la:

v=leilelele e 21)
2 2 279 27

"2
Dua trén cac budc thiét ké trén, st dung gia thiét 1 va
2 2
bat dang thuc XY < x + A
2 2
Ta co:
VA L - P TR - [ L 2
n — 2 zkfn z(r
) (22)
1 1 1 1 3
-|=—-=|C-|=—-=|C +=D, +B, +B},
%, 2 Z(fq 219 2 q
Dit
2[k1-1], 2k, 1= |
2 kfa
Z, =min (23)
k_] ) [_]
2qu kfa qu
2, = D% + B, + B (24)
2 2 A a0 qo

ky, ks, ks, ke va kg, thiét ké sao cho z, > 0. Tl phuong trinh
(24) va cac budc thiét ké bd diéu khién trén ta thiy z,> 0 va
bi giGi han. Thé (23) va (24) vao (22) dugc:

V <-zV +z (25)

Theo phuang trinh (25), c6 thé thay sai s6 bam hoi tu tdi
vung lan can goc véi ban kinh 1a /2z, /z, . Khi sai léch mo
hinh va nhiéu loan bén ngoai nhd, bd diéu khién danh
nghia c6 thé dam bao su 6n dinh bay. Khi sai léch mé hinh
va nhiéu loan bén ngoai I6n, sai s6 bam tin hiéu dat goc
dudng bay sé tang lén. Dac biét trong qua trinh bién ddi
hinh dang, sai s6 mé hinh va nhiéu déng chua biét xuat
hién sé anh hudng I6n hon dén su 6n dinh bay. Dudi day
tién hanh thiét k& bd hiéu chinh, d& bu cho bd diéu khién
danh dinh, nhdm dam bdo su 6n dinh bay trong qua trinh
bién d8i hinh dang.

4. HIEU CHiNH RHO

Phuong phép Jacobian dugc st dung dé tuyén tinh hoa
phuong trinh (7):
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Ax = AAx +B(6_ +6, -6,)+b

0 26
y = CAX (26)

Trong dd, x la lugng tang clia vecto trang thai day du x

déi véi gia tri tham chiéu x,, x, =|0 a, 0 I |;a,vad,

la gbc tan va goc chic ngéc tuang ung; &, la dau ra bo
diéu khién backstepping; 8., la dau ra ctia bd hiéu chinh; &,
la gbc léch cla cénh Iai nang ha; b, la sai léch mo6 hinh va
nhiéu bén ngoai; C =[1 0 0 0], A va B thay d6i theo su thay
déi hinh dang cta canh.

Dang khéng gian trang thai ctia bd loc chi thi (10) nhu
sau:

).(r = ArXr + Bredo (27)
yr = CTXY
Trong do:
8, 28 w1
X =|. A — )
T 10, ' -w. 0
B,=[0 ] = o

D6 lgi bo hiéu chinh dugc tinh theo thai gian thuc trong
mét khodng thai gian hitu han dua trén cac céng thic (26)
va (27) sao cho céc chi s6 sau dugc gidm thiéu:

t
o )
min J, =3 tf [Qp (v, -y) +Qy? +R8? ]dt (28)

Trong dé, t va t, la giGi han trén va dudi ctia mién thagi gian
hitu han, Q, va Q la cac gia tri trong s6 clia sai s6 bam va tich
phan sai s6 bam, R la gia tri trong s6 cta lugng hiéu chinh, y, la
sai 56 tich phan va c6 thé thu dugc tir cong thic sau:

{)-(I =yr - y
Yi=X

Két hgp phuong trinh trang thai tuyén tinh cla may bay
vGi phuong trinh trang thai cia bé loc va phuong trinh sai s6
tich phan, nhan dugc phuong trinh trang thai mé rong la:

X, A 0 0Ojfx, | |0

AX|=|0 A 0||Ax|+B
x| |c,-colx | |o

(29)

=2

er

(30)
BredO 0
+|B(5,,,-0.,)|+|b,
0 0
Phuang trinh (30) viét lai nhu sau:
%, =AX, +B35, +b +b (31)
Phuong trinh (28) c6 thé dugc viét lai:
(32)

t
rrgin Jq —%L{(X;QRXY +R6§r>dt
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Trong do:
QPCrT r - QPCrTC 0
Q, =[-QC'C QCC 0
0 0 Q

Cac tham s6 bién K, k; thu dugc bang cach giai phuong
trinh vi phan Riccati thé hién trong céng thuic sau:

K, = KA, - ATK. +R'KB,BIK. - Q, (33)
k, = Kb, - ATk, +R'K B.B'K (34)

R"R™R R

Vi Kq, kg cO thé dugc 8n dinh véi bat ky gia tri nao tai

bién gigi cia khoang thoi gian hitu han [t,, t], gid s K;, ks

tai bién thai gian t; la 0. Trong moét thai gian hiu han, ldy

tich phan cda (33) va (34) dugc Kq(t,) va kglt,). D6 Igi bd hiéu
chinh dugc tinh toan bang cach st dung céng thic sau:

[Fo ] = RTB Ky (ty)  Ky(ty) ]
Trong d6, Fy =[F, F, Fl, F, F, va F, la d0 lgi cac bé hiéu
chinh cla trang thai sai sé tich phan, trang thai may bay va

trang thai bd loc chi thi. Qua (36) tinh dugc lugng hiéu
chinh:

69r =Fx, +f

(35)

(36)

Phuong phap RHO khéng chi c6 nhing uu diém cda
phuong phéap toan phuong tuyén tinh, ma con c6 thé du
doén céc dac tinh dap iing mong muén cda déi tugng, dé
chinh xac ctia moé hinh khdng doi héi cao, do Igi cac bd hiéu
chinh diéu chinh thai gian thuc cho tri sai léch gilra tin hiéu
chi thi va géc dudng bay, dé han ché tac dong cta nhiéu
bén ngoai va sai léech mé hinh. Cau tric bd hiéu chinh thé
hién trong hinh 2.

Yod N X,
BOLOC

BQ PIEU KHIEN
BACKSTEPPING

S,

en

A,
BO HIEU CHINH RHO
F.FE,f

A

Av,y,4,B

Hinh 2. Cau tric bd hiéu chinh

5.MO PHONG VA NHAN XET
70 -
— 60
Nel
=, os0 f
=
R
(&)
o, 30 -
i
o P
O
O 1wt
" _ _ _
0 5 10 15 20 25 30 35 40

Thoi gian [s]
Hinh 3. Dudng cong géc gap canh
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Tham s6 md phéng: Dién tich canh: S = 23m?% Trong
lugng: G = 7300kg; Momen quan tinh: J, = 630KgmS%
J, = 5250KgmS? ; Day cung khi déng trung binh: b, = 4m;
Kich thuéc khi dong: L = 7,15m; B6 cao bay H = 5000m,
M =0,5; T6c d6 V = 35m/s. Trong qua trinh bay, cac théng
s8 khi déng hoc thay déi khi diéu kién bay va géc xoé canh
thay d&i. Sai s6 mé hinh 20% dugc cdng thém vao thong s
khi déng hoc. Khi cho may bay thay déi géc gap canh tai
thai diém 14s, dudng cong bién déi cau hinh canh dugc thé
hién trong hinh 3.

Khi khéng c6 nhiéu khi déng hoc bd diéu khién
Backstepping dap ung tét cac goc diéu khién. D6 thi dap
(ng goc 6, 9, a thé hién trén hinh 4, 5, 6.

16 - - - - -

Gac dudrng bay [dd]

0 ;r 1L[.J 1 l5 2_0 ;5 3‘D 3-5; 4‘6 4‘5 5;0
Théi gian [s]
Hinh 4. Dap ting gdc nghiéng quj dao 6

4F

Goc chuc ngoc [dd)]

0 5 10 IIS 20 25 30 35 40 45 50
Thei gian [s]
Hinh 5. Ddp ting géc chiic ngéc 3

4

5

3k

25

Gae thn (48]

f 1 I I i " 1
0 5 10 15 20 25 30 35 40 45 50
Théi gian [s]

Hinh 6. Dap ting géc tan a
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Khi c6 nhiéu loan khi ddng hoc st dung tin hiéu nhiéu
d,(t) = 5sin(t) (°/s?). Pap ung gbéc dudng bay thé hién trén
hinh 7, 8, 9.

18

16

4r

ra
T

=]
T

Gée dusng bay [d8]

0 —— Backstepping |
—— Backstepping-RHO |
0 5 10 15 20 25 30 35 40 45 50
Thai gian [s]
Hinh 7. Dap ting géc 0 khi cd nhiéu

Goc chuc ngoc [dg]

2r —— Backstepping
—— Backstepping-RHO
1 1 1 1 1 1 I e

0 L 10 15 20 25 30 35 40 45 50
Thei gian [s]

Hinh 8. Dap ting g6c & khi ¢d nhiéu

4

35

25

Goc thn [ad]
N

05
0 | = Backstepping |
) — Buualuuuung-@A
0.5 4 4
i) 3 10 15 20 23 30 35 40 45 50
Thid gian [s]

Hinh 9. Dap ting gdc a khi cé nhiéu

Trong khodng thdi gian ti 14 ~ 27s, may bay thay déi
hinh dang canh dé chuyén sang co dong, géc dudng bay
bién d6i manh. Khi c6 tadc dong cda nhiéu, bd hiéu chinh
RHO gilp loai bo phan 16n tin hiéu nhiéu, géc dudng bay
dat dugc gia tri xac lap trong thai gian ngan, han ché anh
hudng bai qua trinh bién hinh cda canh.
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6. KET LUAN

B6 diéu khién Backstepping két hgp hiéu chinh RHO
cho hiéu qua cao khi 6n dinh dudng bay clla may bay bién
d8i cdu hinh canh, mot hé théng phi tuyén va cé nhiéu
tham s6 bat dinh. Trong qua trinh bién d&i hinh dang, cac
dac tinh dong ctia may bay sé thay ddi rat nhiéu, bé hiéu
chinh RHO két hgp gilta hiéu chinh phan héi va t6i uu hda
ting doan cho mé hinh, bu dau ra cta bd diéu khién
backstepping, ddm bao su 6n dinh dudng bay cila may bay
trong qua trinh thay déi hinh dang, nang cao tinh bén
viing, gidam anh huéng cua sai Iéch mé hinh va cac nhiéu
loan bén ngoai.
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