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TOM TAT
Bai bao gidi thiéu phuwong phdp mé hinh va tong hop bé diéu khién thich nghi Backstepping
cho doi tirong thiét bi bay (TBB) phi tuyén dé diéu khién on dinh géc tan trong diéu kién cé nhiéu
dgng gid. Két qua khdo sat trén may tinh véi mé hinh TBB gia dinh cho thdy rang, khi sir dung
bg diéu khién nay sé lam giam déang ké dén goc tan ciia TBB (nang cao an toan bay cia TBB) va
mé réng dwoc kha néng sir dung TBB trong diéu kién c6 nhiéu dong gio.

Tir khoa: Nhidu dong gio; Méy bay khong ngudi 1ai; Diéu khién thich nghi; Téc d6 gradient thuat toan.
1. PAT VAN PE

Khi c6 nhidu dong gio, dic biét 1a nhidu dong gié tac dong tir dudi 1én trong mit phing dung
c¢6 thé dan dén TBB bay voi goc tin 16n vuot qua gia tri cho phép. Piéu d6 lam cho TBB mat
diéu khién va bi roi. Pong thoi khi ¢6 nhidu dong gioé dung thé 1am cho hé sb qua tai ting vuot
qué gidi han cho phép dan téi TBB bi pha huy két cau. Yéu cau dat ra 1a duy tri goc tin trong
giéi han cho phép. Trong bai béo [2, 3] cac tac gia da xdy dung cac phuong phap diéu khién nhu
thuat todn tu dong duy tri d6 cao, phuong phap diéu khién mo, diéu khién thich nghi theo toc do
gradient véi mé hinh tham chiéu twong minh,... cac phuong phap nay déu doi hoi dua vé dang
mo hinh toan hoc tuyén tinh bang cac diéu kién 1y twong nhu xét trong ché do bay bang. Diéu
nay s& han ché viéc khao sat va dua ra cac danh gia khoa hoc vé cac dbi tugng ny trong thyc té.
Bai doi voi cac loai TBB md hinh ¢& nho mang tinh chét phi tuyén manh, dic biét 1a cac thanh
phan lyc va mé men theo goc tan. Hién nay, cac cong trinh nghién ciru diéu khién phi tuyén dang
hudng dén phu0’ng phap Backstepplng [3, 5], phuong phép truot,... Cac phuong phap nay cho
hiéu qua diéu khién cao, d& thuc hién. Bai béo s& xay du’ng mo hinh toan hoc dang phi tuyén cua
TBB khi ¢6 nhiéu gi6, trinh bay tin hiéu diéu khién dugc tong hop theo phwong phap thich nghi
Backsteppmg dé giam goc tan khi c6 nhiéu dong gio tac dong voi cac quy md nhiéu dong khac
nhau. Két qua dugc ap dung trong bai toan tong hop dleu khién ty 14i kénh gat ciia TBB cac dai
luong diéu khién yéu cau bam theo cac gia tri mong mudn cho trude.

2. MO HINH PONG LU'C HQC CUA THIET BI BAY
CO TINH PEN NHIEU PONG GIO

Trén hinh 1 md phong dong luc hoc chuyén dong cua thiét bi bay (TBB) trong mat phing
ding, ta c6 cac hé toa do: xo0yo, X.0Ya; XkOyk - 1a cac hé¢ toa do mat dat, h¢ toa do van toc va hé
toa d6 quy dao [1].

Trong d6: T 1a luc ddy cua dong co; 9, 0, o - GOc chuc ngoc, goc nghiéng quy dao, goc tan
cua TBB; @, =9 - Van tbc goc theo truc z; M, - MOmen theo truc z; J, - MOmen quan tinh
theo truc z.Y, =Sqc, («)- Luc nang; q =pV,2/2 - Khéi luong riéng khong khi; S - Dién tich
dac trung ciia TBB; p - Mét do khong khi; ¢, () - H¢ s6 luc nang.

Khi khong c6 gi6 vecto khong tbe V. tring vai vecto dia tde Vi, TBB bay véi goc tan o, .
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Khi c6 nhiéu dong gi6 V. 1éch so v&i Vi« mot goc a,, (hinh 2).

A

Hinh 1. Chuyén déng TBB Hinh 2. Anh hwéng ciia gié
trong mdt phiang dimg. trong mdt phing dimg dén goc tan.

Trong trudong hop chung vecto gio W co hudng va cudong do tuy y theo thoi gian va trong
khong gian, tuy nhién thanh phan gio6 thoi thang ding tur dudi 1én c6 anh huong 16n nhat dén d6
an toan bay ctia TBB, trong pham vi bai bdo nay chi xét gié thoi thang ding tir dudi 1€n trong
mit phang dimg (6, =90°). Trong trudng hop c6 nhiéu dong gié tic dong. Khi do, goc tan clia
TBB tang I1én 1 goc «,, va dugc xac dinh nhu sau:

a, =a, +a,, Vi a, =arctg(W,, )V, ) = W, V, Q)

Khi @6, khong tdc s& thay doi mot luong 1a Vr2 =Vk2 +Wy2 , dai luong nay lién quan dén luc
nang, luc can va mo6 men khi dong. Theo khao sat thuc té, anh huodng cia khong tde khéng dang
ké so v6i anh hudng cua cac goc tan. Nén dé don gian bai toan c6 thé cho V, =V, . Phuong trinh
dong hoc phi tuyén ctia TBB [1] ¢6 thé viét lai thanh:

G Psina+chy(a,)_gcose;
mv, V,
Psi S
6, = D oosp— PN SA () |y gy, %)
v, mv,
. Mz (ar) MZ(, 5
w, =—= + —w, +—=05,,
JZ JZ JZ

Trong d6: M, , M, , M, 1a cac thanh phan md men dao ham theo goc tn, van toc goc truc
o B

2y, ! 5

z va canh lai @6 cao.
||\N (t)” =, < 5(5 € R:) . Cac hé s6 lyc nang, mo6 men co dang [2]:

¢, ()= Cpo+Cpa + cy2a2 + cy3a3; -

m, (@) =m,, + My +m,a” +ma’.

Gia thuyét rang, & ché d¢ bay bang goc tan khong vugt qua 14° - 16°, ¢6 thé xép xi sina ~ a [1, 4]
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. Pa, +Sqc, (o, ) _gcosa’
mv, v,
P S
a, =9 coso-—2* qcy(a,)+wz +W (t); ()
V, mV,
Sgb M, .
a')z = q amz (af)+ v, , + 58 53
JZ JZ JZ

"Tir (3), (4) ¢6 thé bién doi md hinh toén hoc phi tuyén kénh chuyén dong doc cia TBB dugc
viet dudi dang:

. Sc P+c,qS
6=-9 cosg+ 00, 1 a, +0;
P mv, mv,
C P+c,qS
a, =9 cosg -0~ Al a, +o,+6,; (5)
V, mV, mvV,
MZ MZ
= M,,4Sb, a4 +—20,+—=5, + P +6,,
JZ JZ JZ A
Trong do6:
c,,a’ +¢ 0 )qS C 0o’ +C 0 )QS m o +m, .o’ )qSh,
91:( y2 y3 )q ;92:_( y2 y3 )q +W(t),93:( 2 3 )q )
mV, mvV, J,

3. XAY DUNG THUAT TOAN PIEU KHIEN THICH NGHI CHO THIET BI BAY

Dé 4p dung thuét toan Backstepping ta dua hé (5) vé dang tam giac dudi (Lower Triangular)
[5] str dung cac bien doi:

g ascy, | P+c,aS
f :__COS + y :—1 ;
l(Xl) V Xl “IVk gl I Vk
g asc,, P+c,aS _
f , X, ) =—2CO0S —_ _ 1 X, :11 6
(X, %;) v, X v, v, 2 O (6)
M MZ m qu MZ‘
f(X, Xg) = ——5 X, + ——5 Xy + —22 gy =—2,
3( 2 3) \] 2 J 3 J 3 J

hé phuong trinh trén c6 dang sau:
X =f(x)+09% +6;
% = £,(6, %) + 9,% + 6,; (M
X3 = f5(%, %) + QU+ ;.
Ttr hé phuong trinh dang (7), st dung phuong phap tong hop Backstepping, ta thuc hién céac
budc sau:
Buéc 1: Dt z, =X —X,,, trong d6, X, 1a tin hiéu mong muén x, .
Vi phan, nhan dugc:
=% — X, = £,00) + 0% + 6, — X, (8)
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Chon ham Lyapunov dang:
V=421 0 =0-6,y,>0. (9)

Tinh toan (9) nhan dugc:

. . 1 ~2 . 1 ~2
V122121"'_9191:21“1()(1)4‘91)(2+91_X1m]+_9191- (10)
e 7
Tt (10) xem x, la diéu khién 4o, X, 1a tin hiéu mong mudn x, va ditz, = X, — X, , xac dinh
lut diéu khién ao 6n dinh x,, :
Xom =0 [ 62— f,(0) =6, + X, |, ¢, >0.
Nhén duoc:
V, = —¢z2 +9,2,2, + 91(21 + yl’lél). (11)
Chon thuat toan thich nghi dang
91 = _él =), (12)
Nhian duoc:
vl = _Clzlz +0,4,7,. (13)
Tu (11), (12):
V, =—¢z} +9,2,2,, z, #0. (14)
Buéc 2: Viphan z,
2y =% = Xon = T, +9,% + 6, = Xy,. (15)
Chon ham Lyapunov dang:
V, =V, +0.52,> +0.5y,°02, 8, =0, -0,,y, > 0.
Tinh dao ham
vz = _C1212 +2, [9121 + f2 +0,X%; + 02 - XZm]+ 72_192672' (16)
XZm = aXZm Xl + ame le + 6X2Am §l+ le
X, Xy, 006,
Xét (16), xem x, la diéu khién a0 va x,, 1a tin hiéu mong mudn x,, dat z, =x, —x, , luat
diéu khién a0 6n dinh x,,:
Xam = 92_1 [_9121 -c,z,— f, - éz +Xon, J' 17)
= g Fom gy Fem g g
%, o6, ~ 0%,
Nhan duogc:
vz :_C1212_szzz+922223+9~2(Zz+7;l‘9;2)- (18)

Theo (18) chon thuat toan thich nghi
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0, =-6,=1,y, (19)
T (18), (19) bién doi, ta dugc:
V, =—¢22 —C, 22 +9,2,Z,. (20)
Buéc 3: Viphan z,
Zy =X — X, = T3+ 05X, + 6, — X, (21)

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

=—Zcz +2, gzzz+gsx4+03—xsm]+y;1§3§3. (22)

Theo (22) dé cho V3 <0, chon tin hiéu diéu khién dang

U=0;" 0,2, — ¢z~ f3(%,, %) — O, + %, | (23)
Xaye = Ko X, + Ko X, + aXZ”)K éz + o X
ox, X, 00, X,

Thay u vao (22), nhan duogc:

+ X

23K

2 ~ ~
=—Zcizf+¢9{z3+i03} (24)
i-1 73
Theo (24) chon thuat toan thich nghi dang:
és = _és =12373- (25)

Tir (22), (23), (25) cudi cung nhan duoc

V, = ZCZ <0,(z,#0,2,#0,2,#0) (26)

Tt (26) ta nhén dugc hé 6n dinh tiém can theo phuong phéap thir hai cta Lyapunov. Theo
phuong phap tong hop Backstepping trén ta nhan dugc thuét toan thich nghi c¢6 luét diéu khién
dang (23), cac thuat toan thich nghi dang (12), (19), (25).

4. MO PHONG VA PANH GIA KET QUA
Khao sét TBB v6i mot s6 thdng sb nhur sau chiéu dai: 2707 mm; khdi lugng: 56.5 Kg; dién

tich canh: 1.05 m?; sai canh: 3000 mm; day cung khi dng trung binh: 350 mm; téc do bay hanh
trinh: 40 m/s va cac hé s6 khi dong:

¢,,=0.0704, ¢, =5.9134, ¢, =0.0057, ¢, =-0.0115, m,=0.017, m,=-1.4515,
m,,=-0.001, m,,= 0.003.

Kich ban md phéng: Khi chwa c6 nhidu dong gi6, TBB thuong bay bang on dinh véi goc té:ln
a,= 5°, khi ¢6 tac dong ctia nhidu gi6 véi cac bién d6 va quy md nhiéu gié khac nhau (dugc biéu
dién trén hinh 3) [2, 4], thi hé théng diéu khién 6n dinh bao dam an toan cho TBB va dam bao
qua tai khi goc tan nam trong giéi han cho phép «, <15°. Xét 2 md hinh gi6 nhu sau:

M0 hinh gié béc thang. M6 hinh bac thang cua truong gid thing dung c6 thé duoc biéu dién
nhu sau [4]:
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(27)

Y Ulw,  khi x, =X

0  khi x,<x
yo
Vé6i X, la toa do diém bat dau c6 gio, W,, = const 1a mot gia tri khao sat nao d6 cua truong
gi6 dimg. Tac gia s€ sir dung m6 hinh gi6 bac thang (1) dé danh gia d6 tin cdy ctia chuong trinh
md phong dong hoc vong di€u khién kin.
Mb hinh gi6 hinh sin. M6 hinh nhidu déng gi6 hinh sin mé ta twong ddi diy du cac thanh

phan cua gi6 [4]:
27X, — X,
W, = \%[1— CoS ¥} (28)

Yo 4 TI'Ol'lg do:

Wo (XO - x:) — Quang duong bay duoc cia TBB
> > Wy — Bién d6 gid, m/s;
Xu L *o A : X A
L - Quy mo nhicu dong, m
Hinh 3. M6 hinh gié hinh sin.
Trén hinh 4 m6 ta cac Cac mo hinh nhiéu gi6 theo cac mo hinh nhiéu gi6 (27), (28) duoc mo

phong trén phan mém MATLAB/SIMULINK, a - M hinh béc thang ciia truong gi6 thing dimg
vé6i bién d§ gi6 Wyo=5 m/s. b,c,d - M6 hinh nhiéu gi6 dang hinh sin véi bién d gié Wy, = 7.62

m/s va c6 cac quy mo gié twong tmg L = 100 m, 50 m, 30 m. t =x; ~6.3s - Thoi diém tac dong

cua nhicu gio.
161“" df) . Oy, dé

N

6

o ) t(s)

Oy, 40 O 46

F:,\" 512.\’(:

\J t() \ Pt t(s)

0 5 10 15 2 25 0 5 10 15 20 25
¢ d
Hinh 4. Cac md hinh nhiéu gio, a - M6 hinh bdc thang ciia truong gio thang dig véi bién dé gio
Wyo=5m/s. b,c,d - M6 hinh nhiéu gié dang hinh sin véi bién d¢ gio Wy = 7.62 m/s va €0 cac
quy mo gi6 twong izng L =100 m, 50 m, 30 m. t = x; ~6.3s - Thoi diém tic dong ciia nhiéu gio.

Nhén xét: Tir cac két qua khao sat nhan thiy rang, khi cho tac dong cuia nhidu gi6 dung, trong
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truong hop quy mé nhiéu gié L = 50 m, 30 m, tin hi¢u thuc 6 bam theo tin hiéu tac dong 6,
(hinh 5a,b,c,d) Hé thng lam viéc on dinh theo ca chiéu thay ddi ting va giam tin hiéu 6,. Hé
théng hoat dong dam bao on dinh tiém can tai gid tri @, =const.

0, d6 0, do

5 5

T

S
—
]

(=
w

2 2
1 1
1(s) 1(s)
0 0 : .
0 5 10 15 20 25 0 5 10 15 20 25
0. do a 0, do b

£

-

—
wn

—_

ro—_| |

-

w
w

[*]
[N

t€s) t(s)

0 3 10 15 « % 5 10 15 2 2
¢ d
Hinh 5. Ddp uimg cua goc 0: 1- Tin hiéu mau; 2- Pdp img thiee ciia géc 6 ; a) Khi co tac dong ciia
nhiéu gio dang bdc thang voi bién do gio Wyy= 5 m/s; b, ¢, d) Khi cé tdc dong ciia nhieu gié dang
hinh sin voi bién do gio Wy = 7.62 m/s va co cdac quy mé gio twong ing L = 100 m, 50 m, 30 m.

o, do o, do
8 8
78 78
76
76
74
7.4
72
7.2 ;
t(s) t(s)
7 68
5 10 15 20 % s 10 15 20 %
a b
oy, dO O, dﬁ
8.5 10
8 9
8
75
7
7
6
t(s)
65 | , t(s)
5 10 15 20 25 5
c 5 10 15 d 20 25

Hinh 6. Ddp img ciia goc &, a) Khi co tac dong ciia nhiéu gié dang béc thang véi bién do gié

W,o=5m/s; b, c, d) Khi c6 tic dong ciia nhiéu gié dang hinh sin véi bién do gié Wyo=7.62 m/s
Va co cdc quy mé gio twong wng L =100 m, 50 m, 30 m.
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Dap tmg ctia TBB trén hinh 6a) cho thiy rang, tai thoi diém c6 gio bac thang bién d6 Wy, =5
m/s goc tan chi tang 1én khoang 3°, hinh 6b, c, d) khi sir dung bo diéu khién thich nghi da giam
dang ké anh huong cua nhiéu dong gi6 lén TBB goc tan chi ting 1én khoang 4° khi quy mé nhiéu
dong L = 30 m, van dam bao goc tan nam trong gidi han cho phép 15°. Két qua nay ciing cho
thiy, sir dung cac bd diéu khién thich nghi c6 thé mé rong kha ning sir dung TBB ¢& nho khi c6
nhidu dong gi6. Nhu véy, qua két qua mo phong cho thay, chuong trinh diéu khién dugc on dinh
khi c6 tdc dong tir bén ngoai.

5. KET LUAN

Qua két qua khao st cho thay rang, thuat toan diéu khién thich nghi ¢am bao 6n dinh dbi véi
TBB ¢ nho khi c6 nhiéu dong gi6. Hé 6n dinh tiém can toan cyc sau mot thoi gian xac dinh. Két
qua md phong phu hop voi cac két qua ly thuyet Hé thdng diéu khién thich nghi s& dam bao
nang cao dang ké an toan bay cho TBB trong diéu kién c6 nhiéu dong gio (giam goc tan tir do
giam hé sd qua tai vi goc tan ty 1€ thuan voi qua tai ding). Ngoai ra, do hé s6 qua tai giam, tudi
tho ctia TBB (d6 bén moi cuia két cau than canh) sé tang 1én kha nhiéu.

Trong cac ndi dung nghién ciru tiép theo, tac gia sé xdy dung cdc mo hinh phi tuyén phirc tap
dam bao mo ta day du ddi twong nhu xét trong diéu kién két cdu TBB dan hdi, thay doi cac ché do
bay, anh hudng clia dong co,... qua d6 s& nghién ciru, tong hop cac thuat toan thong minh khac dé
nang cao do an toan bay cia TBB trong diéu kién nhiéu dong gié bang mé hinh gi6 ngau nhién.
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ABSTRACT

A research of an adaptive control system for longitudinal motion
of an small-sized UAV in turbulence conditions

This paper introduces a pattern and algorithm which synthesizes an adaptable
controller by the backstepping technique to control the UAV flying in turbulence
conditions. Investigation results on the computer with a nonlinear UAV model show that
the application of adaptive control algorithm is very effective, the angle of attack and g-
load factor was much reduced (enhance flight safety for UAV) and can widen the
application ability of UAV in turbulence conditions.

Keywords: Wind turbulence; UAV; Adaptive control; Speep-gradient algorithm.
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