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TOM TAT

Dleu khién backstepping la mgt phwong phap diéu khién dge ap dung réng rai voi nhimg uu
diém noi bat la kha nang triét tiéu nhiéu loan va su bién doi ciia tham sé, thiét ké hé thong giam
bdc va cdu tric diéu khlen don gian. Tuy nhién, néu bdc ciia doi twong lom hon 3 thi van de tinh
toan dao ham bdc cao rdt phike tap. Bai bdo ndy trinh bay mot phwong phdp tong hop mot lop hé
théng phi tuyen bdc cao trén co so sw dung phiong phdp backstepping nham ndng cao chdt
heong diéu khién cua thiét bi bay (TBB). Két qua md phong bang MATLAB/SIMULINK véi md
hinh (TBB) gia dinh ching minh khi si dung bg diéu khién thich nghi Backstepping sé gilp TBB
hoat dong mét cach on dinh bam theo qui dao bay trong triong hop 6 tdc déng cia nhiéu.

Tir khéa: Didu khién thich nghi; Thiét bj bay; Pan hdi khi dong.
1. MO DAU

Phuong phap Backstepping dwoc quan tim nghién ctru va phat trién cho hé phi tuyén [4, 6].
Phuong phap nay véi muc dich tao nén mot hé kin ddm bao hé théng on dinh toan cuc dua trén
cach tinh toan dé qui, tir d6 xac dinh duoc tin hiéu diéu khién. Phat trién ¥ tudng cua phuong
phap Backstepping, nhiéu nghién ctru da két hop cac ky thuét backstepping véi 1y thuyét diéu
khién bén vimng cho 16p hé thong vira ¢ tham sb bat dinh vira c6 tinh phi tuyén [4]. Tuy nhién,
phuo’ng phép backstepping trong céc nghlen ctru trude dang dung lai de khao sat cac ddi tuong
don gian thuong 1a béc 3 [8- 10]. Vi viéc tinh toan cac hé so béc cao rat phuec tap. Trong bai bao
ndy tic gia da dé xuat hudng nghién ctru d6i tuong phi tuyén phrc tap, d6i tuong 5 blen khi
khao sat chuyén dong ctia TBB c6 tinh dén dan hoi khi dong ctia canh [6, 7]. Trong thyc té khi
chuyén dong dén mot van tdc du 16n, canh cua TBB duge xem nhu 13 tAim phéng, khi bi tac dong
cua cac lyc khi dong sé xuét hién dao dong x0én va udn 1a nguyén nhan tao ra hién tugng dao
dong tu kich gay mét on dinh cuc bd goi la flutter. Van d& dé tranh hién tugng flutter phai dap
dugc dao dong xodn hodc udn dé tranh dao dong cong huong flutter [6]. Trong bai bao nghién
ctru thudt toan diéu khién dé dap dao dong xodn cia canh. Trong cac nghién ciru, cac thanh
phan dao dong nay thuong duogc bo qua khi xdy dung mo hinh toan hoc béi tinh phirc tap cua
no [4, 5]. Trong thyc té hién tugng nay ludn ton tai va 14 yéu td nguy hiém c6 thé dan dén mat an
toan bay, pha hity két ciu ciia TBB. Noi dung bai bao trinh bay phuwong phéap diéu khién thich
nghi Backstepping cho d6i hé phuong trinh 5 bién khi tinh dén dao dong xodn cua canh dbi
xtng. B diéu khién dugc ap dung trong bai toan téng hop hé¢ thdng tu 14i kénh gat may bay, cac
dai lugng diéu khién yéu cdu bam theo céc gia tri mong mudn cho trudc.

2. MO TA VA TONG HQP BO PIEU KHIEN CHO HE THONG
2.1. M6 ta h¢ théng
Ddi twong xem xét 1a TBB ¢6 canh thing kich thuéc hitu han va doi xang. M6 hinh khao sét
canh dan hoi cé bién dang xoan duoc biéu dién trén hinh 1. bay 1a m6 hinh dugc khao st trong
nghién ctru dan hoi khi dong [3]. Trong d6, tdm ap, tAm dan hoi, trong luc canh dugc ky hiéu
tuong wng vai voi cac ky hieu T. A, TP va T.T.
Trén hinh 2 ta c6 c4c hé toa do: Xe0Yo, Xa0ya; X0y 1a cac hé toa d6 mit dat, hé toa do van tdc
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va hé toa do lién két [1]. Mb hinh toan hoc chuyén dong cung khi chua tinh dén yéu t6 dan hoi
cua canh co6 dang sau [3, 5]:

é:_gcosg_{_w;
v, mv, 1)
d=w,;d,0,=M ;o =9-0.

Trong d6: P 1a luc déy cua dong co; 3, 0, a - Goc chic ngoc, goc nghiéng quy dao, goc tAn
cong cua TBB; o, = 9 - Van téc goc theo truc z; M, - MOmen theo truc z; J, - MGmen quéan
tinh theo truc z. Y, =Sqc, («)- Luc nang; q=pV,’>/2 - Khéi luong riéng khong khi; S - Dién
tich dac trung cua TBB; p - Mat d¢ khong khi; c, (a) - Hé s6 lyc nang.

y b y ya’yk

Hinh 1. So do biéu dién Hinh 2. Chuyén déng TTB
bién dang dan hoi cdnh. trong mdt phdng dimg.
M0 hinh toan hoc ctia bién dang canh dan hoi c6 thé duoc biéu dién dudi dang sau [3, 5]:
J i, =M A=w, } .
Jo, =M, =M ;M =K,A; J +J =1,

Trong dé: A - GOc xodn khi ¢ bién dang dan hoi canh; M, - Momen dan hoi; K, - Hé s6
cimg dan hoi xoan; Joidy - M® men quan tinh twong rng ctia canh va than ctia TBB; a - Khoang
cach tir dau canh dén tdm dan hoi; b - Nira d¢ dai canh.

Dit cac bién trang thai: x, =a; X, =& X, =m,; X, =A; X, =, va biéu dién cac hé s6 luc
nang va hé sb cimg dan hdi canh dudi dang phi tuyén [4, 5]:

3

— . _ 2
c,(a)=c,a+R,; R, =c+c o +ca

ki (A) =Ky +Ry iR, =k, A+k, A% +Kk, A*+Kk, A*

. g P+c,qS _
=——COSX, +— X, + R ;
X1 Vk Xl ka 2 a
. g P+c,aS )
Nhan dugc X, ZWCOS X - mv, X+ % =R, 3
3 kAO(X4) RA .\ ; RA .
X, = ), X4+IX4’X4:X5+'[~TCX4’
)'(5=J;1[Mzax1+Mzmx2—kA0x4—RAx4+M58u}
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Trong d6, M, , M, , M, Ia céc thanh phan mo6 men dao ham theo cac goc tan, theo vén tdc
a 5

1
Z{,)Z

goc theo truc z va theo canh lai do cao. DPé xay dung thuat toan backstepping, bién d6i (3) vé
dang tam giac dudi [4], ta dat

fl(x1)=—gcosxl;gl=—P+C”qS:6’1=R !

V, mv, “
fz(xl,xz) :gcosxl_wxz;gz :1;92 =—R :
V, mv, “

f3(X0, %, %) =0;95 = ‘]tzlkAO;GS = ‘]tzlx4;
f, (%, %,) =00, =16, =J‘JC’1RAx4; fs(Xyse ey Xs) =\]C’1[qux2 -M, X —kAOxJ;
10, =3 'R, X,.

g5 = ngM 25
Cubi cung dang tam giac dudi cua (3) co dang:
X = (X)) + 0% +6;% =f,(X,X,)+0,% +6,;
Xg = T (X[, Xy, X5) + 93X, +O05: %, = T,(X,..., X))+ 9, % +0,; 4)
Xs = T (X,,..., %)+ gsu + 6,
2.2. Thiét ké b diéu khién cho hé théng
Pua vao biéu thirc 4,,...0, 1a u6c luong cia 6,,...6, [4] va 6 =6 —6 1a tham sb sai léch
uoc lugng cua budc thir i. Thuc hién phuong phap backstepping cho (3) dudi dang (4), thuc hién
cac budc nhu sau [4].

Buée 1. Dat
2, =% = Xy, (%)
vi phan (5) nhéan duogc:
L =% =%, =f+0%+6 -X,.
Chon ham Lyapunov dang:
\A =Z_12+0_12’é1 291_491171 >0.
2 2y

Tinh toan va thay thé vao phuong trinh (5):
. . 1 ~=2
Vlzzl[f1+glxz+91_X1m]+79191' (6)
1
Xét (6) x, la dicu khién o, x,, 1a tin hiéu mong mudn x, va ditz, = x, —x,,, , ta xac dinh

luat di€u khién 4o 6n dinh X, :

X2m:gl_1|:_c1.21_fl_él+).(lmj|’cl>o' (7)
XZm = 5sz Xl + aXZm X:Lm + axz'm §l+ le
X MKy, o6,

Nhéan duoc:
V, = —¢z7 + 9,22, + 671(21 + 7/1’191). (8)

Chon thuat toan thich nghi dang:
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él = _él =), ©)
T (7), (9) c6 dang:
V, =—¢2% +0,2,2,. (10)
Buéc 2. Viphan z,
2, =% =X =T, +0,% + 6, =%, (11)

Chon ham Lyapunov dang:
V, =V, +0.52,> + 05,02, 6, =6, —0,,y, > 0.
Tinh toan dao ham
V, =27 +2,[0,2, + T, +0,% + 0, — %o, |+ 75"0,0;. (12)
Xét (12), x, 1a diéu khién 40 va x,, 1a tin hiéu mong muén x,, dit z, = x, — X, , ta xac dinh
lut diéu khién ao 6n dinh x,,:
Xay = 92—1 I:_glzl —Cyz, — f2 _éz + XZm:|' (13)
OX OX OX

OX -
Xy = —20 X +— X, +—0 X, +—20 0, + X
3m 8)(1 Xl GXZ 2 6X2m 2m a 92 2 2m

Nhén duoc:
vz =—clzf—czz§+g22223+92(22+;/2‘1§2). (14)

Theo (14) chon thuat toan thich nghi

0,=-0,=1,, (15)
Tir (13), (15) bién d6i va nhan dugc:
vz = _C1212 _szg +0,2,Z;.
Budéc 3. Vi phan z,

Zy=X — X = Fo+ 05X, + 60, — X, (16)

Chon ham Lyapunov dang:
V, =V, +0.52,2 +0.5y;'02, 6, =6, -6,, y,>0.

Tinh dao ham:

. 2 . = P
V, = _zciziz +1Z5 [gzzz + 05X, + 6, — X3m] + 7319393- (17)
i1

Xét (17) x, 1a diéu khién 4o va x, 14 tin hiéu mong mudn x,, dat z, =x, —x

4m >

ta xac dinh
luat di€u khién 4o 6n dinh Xx,,, :

-1 ~ .
Xim = U3 [_gzzz -Gz, _93 + X3m],C3 >0.

g, = Fam gy Hany | Pamy | Kam g g (18)
X C ok ° ok, " 00,
. 3 ~ ~
Nhan duoc: V, ==362% + 0,22, + 6, (23 Ly, ) (19)
i=1
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Theo (19), chon thuat toan thich nghi dang:

és = _és = 2373, (20)
Tu (19), (20) ta c6 dang:
. 3
V==Y ¢z7 + 0,22, (21)
i=1
Buéc 4. Viphan z,
2, =Xy =Xy = X5+ 0, =Xy (22)

Chon ham Lyapunov dang:
V, =V, +0.52,2+05y;'6%, 6,=6,-6,,7, >0.
Tinh toan dao ham:

. 3 . 1= po
V,==> 022 +2,[0:25 + % + 0, — Xy | + 76,0, (23)
i=1

Xét (23) x, la diéu khién a0 va x;, 1a tin hiéu mong mudn x,, dat z, = x; — X, , ta xac dinh
luat diéu khién 4o 6n dinh x,,,:

Xsm =|:—9323 -Gz, _0:1 + )'(4m],C4 >0

g = Fomy  Komy  Fony Fong oz (24)
OXq OX, 4m 694
Nhian duoc:
. 4 - 2
V, = —Z:cizi2 +8,2,25 + 0, (24 +7,'0, ) (25)
i=1
Theo (26), chon thuat toan thich nghi
é4 = _é4 =2,74 (26)
vi vay, (25), (26) c6 dang
. 4
Vv, = _Zciziz + 842475 (27)
i=1
Buéc 5. Viphan z,
Z‘5:).(5_).(5m:fs"‘Qsl'H"gs_).(Sm- (28)

Chon ham Lyapunov dang
V, =V, +0.52.2 +0.5y;'62,6, =6, — 6,,, > 0.

Tinh toan dao ham

V, = —icizi2 +25[0,2, + fs + QU+ 6, — %, |+ y10.6.. (29)
=
Theo (29) dé cho, chon tin hiéu diéu khién dang:
U=05"[~0,2, — sz — fi— Os + gy |05 >0 (30)
Thay u vao (29), nhan duoc:
v, =—ZS:cizi2 +6, (25 +ygl§5). (31)
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Theo (31) chon thuat toan thich nghi dang:

O, =1y, (32)
Tir (29), (30), (32) cudi ciing nhan dugc:
. 5 —_—
V,=->.c2 <0,(z #0,i=15), (33)
i=1

Tir (33), ta nhan dwoc hé 6n dinh tiém can theo phuong phép thir hai cua Lyapunov. Theo
phuong phap téng hop backstepping trén ta nhan dugc thuat toan thich nghi c6 luat diéu khién
dang (30), cac thuat toan thich nghi dang (9), (15), (20), (26), (32). Hinh 3 biéu dién tom tit cac
budc cua thudt toan backstepping.

u=4dg

—H Xy =W 2, xn=A A, B=w, A n=a i xlzﬁ'—gp
. Budc 1 J
l Bubc2 |
l Bml.'rcS J
l BL‘I‘&C*‘ ]
Bl.ll‘[flcs

Hinh 3. So do khéi biéu dién cdc bude cia thudt todn backstepping.
3. MQT SO KET QUA MO PHONG

. Khao sat mot loai TBB ¢6 cac tham sO sau day [6]: Trong do cac hé s6 luc nang va hé sé dan
hoi dugc [6] duoc xay dur}g dértao ra cac tan so6 khao sat fi= 1.25 Hz; f,= 1.6 Hz; f ;.= 2.1 Hz.
khi cho TBB dat cac van toc nhat dinh V4, = 20 m/s, V,=30 m/s, V3= 40 m/s.

b=0.135m,m=70KG,M, = 16.7015, M, =16160,M, =2547,m, =8KG
¢, (@) =-0.07 +15.901c ++0.006¢ - 0.0120%;
k, (A)=6.861422(1+1.14379A + 96.6696A° —9.5133A° — 727.6641A* ),

Bai todn mo phong trén phan mém Simulink s& danh gia kha nang lam viéc cua b dicu khién
tuyen tinh va b diéu khién thich nghi phi tuyén (30) khi cho van toc cua TBB va tan s6 cua dao
dong dan hoi canh V; =20 m/s, f;= 1.25 Hz; V,=30 m/s, f,= 1.6 Hz; V3=40 m/s, f ;= 2.1 Hz.

8, dd a o, 44 b &, dé

5
05

Hinh 4. Ddp iing cdc gbc ciia TBB khi sir dung bj diéu khién tuyén tinh modal twong iing khi
thay doi van toc Vi,V,V3: a. GOC nghiéng quy dao 6; b. GOc tan a; ¢. GOc chiic ngéc 9.
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Két qua md phong cua bai bao duge thé hién trén hinh 4 va 5 khi so sanh bo diéu khién tuyén
tinh. Hinh 4, 5 1a qua trinh qué d¢ cua cac goc 0, a, 9 ciia TBB khi sir dung bd diéu khién tuyén
tinh va bo diéu khién thich nghi, cho van tdc ciia TBB tang tir van tdc 20-40 m/s, tan sb dao dong
tang tr 1,25-2.1 Hz.

Trong d6: a 1a goc léch quy dao, b-GGc tan, c-Goc chic ngdc va d-Goc xodn, 1- Tin hiéu md
hinh miu, V1- Khi van téc TBB 1a 40 m/s, V2 - Khi van tbc TBB bang 30 m/s, V3 - Khi van téc
TBB bang 20 m/s.

8, dg a o, dé s} 8, 86

02 025 03

(=
=
b
ey
i
—

=

Hinh 5. Bdp itng cdc goc ciia TBB khi sir dung bé diéu khién thich nghi tiwong g khi thay doi
vdn toc V1,VoVs: a. GOc nghiéng quy dao 6; b. Goc tdn a; ¢. GOC chiic ngéc 9.

4. KET LUAN

Tir céc két qua mo phong khao sat ta thiy, khi van toc cia TBB bang 20 m/s va 30 m/s thi bo
diéu khién tuyén tinh 1am viéc binh thudng, nhung khi van téc TBB ting 1én 40 m/s, liic nay xuét
hién dao dong dan hdi voi tan sb dao dong 16n, bo diéu khién tuyén tinh khong lam viéc, hé
théng mat bam. Trong trudng hop nay, bo diéu khién thich nghi lam viéc 6n dinh, hé théng bam
theo tin hi€u mong muén khi TBB thay ddi van tdc va khi xut hién dao dong vaoi tan sd cao.

Két qua khao sat nhan duoc khi ting van téc cia TBB (V = 20+40), bd diéu khién tuyén tinh
mat kha ning lam viéc. Khi sir dung thuat toan thich nghi van dam bao kha ning lam viéc khi c6
dao dong dan hoi. bic trung qué do ctua hé kin cho théy, hé 6n dinh tiém cén toan cuc sau mot
thoi gian xac dinh. Két qua moé phong phu hop véi cac két qua 1y thuyét.
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ABSTRACT

Synthesis of high-order adaptive non-linear control system
with uncertain parameters using the backstepping method

Backstepping control is a widely used control method that offers significant
advantages, such as robustness against disturbances and parameter variations, reduced
system order, and a simple control structure. However, if the system order is greater than
three, the problem of calculating high-order derivatives becomes very complex. This
article presents a method for synthesizing a class of high-order nonlinear systems based
on using the backstepping method to simplify calculations and leverage its benefits.
Matlab/Simulink simulations using an assumed aircraft model demonstrate that using the
Backstepping adaptive control system significantly reduces the impact of noise and
enhances aircraft flight safety.

Keywords: Aerial Vehicle; Controller major function; Aeroelasticity.
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