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XAY DUNG BO DIEU KHIEN BACKSTEPPING
GN DINH GOC CHUC NGOC CHO UAV CANH BANG

DESIGN BACKSTEPPING CONTROLLER STABILIZED PITCH ANGLE FOR FLAT-WING UAV
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TOM TAT

On dinh g6c chiic ngdc cd vai trd rét quan trong trong 6n dinh dudng bay, do
cao bay ctia UAV canh béng. Bai bdo nay trinh bay két qué xy dung bd diéu khién
Backstepping 6n dinh g6c chic ngéc ciia UAV. Cac két qua ki€m nghiém bang md
phéng trén phan mém Matlab-Simulink cho thdy b diéu khién nay dam bao dugc
do chinh xdc, gitip 6n dinh dugc kénh d6 cao ngay ca khi c6 nhiéu manh.

Tir khéa: Diéu khién cudn chiéu, phuong tién bay khéng ngudi Idi, géc chiic
ngdc.

ABSTRACT

Pitch angle stability plays a very important role in stabilizing the flight path
and flight altitude of flat-wing UAVs. The article presents the results of building a
Backstepping controller to stabilize the pitching angle of a UAV. Simulation test
results on Matlab-Simulink software show that this controller ensures accuracy;
Helps stabilize the height channel even when there is strong interference.

Keywords: Backstepping control, Unmanned Aerial Vehicle (UAV), pitch.
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1. GIGI THIEU

Hinh 1. UAV canh béng cia khong quén
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Pang Tién Trung'”

UAV la phuang tién bay dugc diéu khién tu xa, tu bay
theo 16 trinh dinh sdn hodc theo diéu khién clia cac hé théng
may tinh. Thoi gian qua, UAV khéng ngung dugc nang cap,
phat trién va c6 nhiéu bién thé. Trong quan su, vai trd cla
UAV dang ngay cang khdng dinh tdm quan trong trén chién
trudng. DE diéu khién quy dao bay clia UAV canh bang can
c6 cac bo diéu khién cac goc trang thai nhu: goc chic goc,
cac goc nghiéng quy dao [1, 2]. Vdi diéu kién bay phtc tap,
c6 nhiéu déng gid, can xay dung bo diéu khién bén viing,
chéng rung t6t, tac ddong nhanh. Qua khao sat cho thay bo
diéu khién Backstepping cho két qua diéu khién tét ngay ca
khi c6 nhiéu loan tac dong [3-5].

2. MO HINH TOAN UAV CANH BANG
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Hinh 2. M@ hinh UAV gan véi cac truc toa do

Dong luc hoc UAV gan vai hé truc toa d6 Oxyz (hinh 2),
Ox la truc doc theo than may bay, Oy la truc bén vuéng géc
vGi than, Oz la truc hudng xudng duéi. Goi u, v va w la cac
hinh chiéu van t6c doc theo truc khung UAV, ta c6 phuong
trinh chuyén déng ctia UAV nhu sau:

u:rv—qw+p—“SCX —gsin6+l,
m M

S
\'/:pw—ru+pLCY—gcosesinq>, (1)
m
w =qw—pv+p—dSCZ —gcosBcosy,
m

Trong d6: 1, p, q la hinh chiéu cltia vector téc d6 goc
pVv*

w trén cac truc, dp sudt dong cta UAV p,= véi
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V=+U’+v’ +w? ; Tlalucddy UAV; @, 6, Y 1an lugt la goc lac
doc, go6c chiic ngdc, goc lac ngang; S la dién tich canh; g la
gia toc trong trudng; m khéi lugng cta UAV; G, C, C, la hé
s6 khi ddng luc hoc theo céac truc X,Y,Z.Theo [3] ta c6 biéu
thuc khi déng hoc G, C, C; la:

C, =C sina—C;cosa
b
C, =C, +C, 6+V(c +c) 2)

C, =—C,sina—C, cosa

Trong dé: a, B 1a goc tan va goc trugt bén; &, 1a do léch
canh 1ai; b la sai canh; C,, Cp Ié hé s6 luc nang va luc can.

¢ =C, +C a+C, 6+ (Ca+Cq)

C el 3)
G, =G, +C 6+C 6+—"-

m.e.AR

O la dd léch cdnh nang, ¢ gia tri trung binh khi déng hoc.
Cac phuong trinh hinh chiéu ctia cac mé men doc theo
truc hé quy chiéu Oxyz la:

) Sb L, =1,
—r—zr=p‘; - 0|Ir+I pa,
ST - |
:pd CCm_x Zpr—i(pz—r2)+iQer, (4)
Iy Iy IY Iy
L. pSb_ L=l |
foep=P2c Y pg legrleq g,

Iy, ly, I, 1an lugt la mémen quan tinh theo truc dog; I, la
mémen quén tinh theo mit phéng; l. 1a mémen quan tinh
dong co canh quat; Q. la téc dé quay clia canh quat; C, Cy,
C, 12 hé s6 khi ddng hoc dugc tinh theo biéu thuc:

G =C,B+C, 8, +C 6+b(Cp+Cr)
Cp=Cp +Cpa+C,, 8, +N(Cmud+cmqq), (5)

C,=C,B+C, 3, +%(Cnpp+Cnrr).

3. THIET KE BO DIEU KHIEN BACKSTEPPING ON DINH
GOC CHUC NGOC

Sai léch theo géc chuc ngéc ctia UAV ¢6 dang:
e, =0-0, (6)
Tu (6) co: &, =0 Vvéi O=y+acosg+Psing >
é:qCOS(p—rsin(p

Theo d6 cé:

€5 = Mo +[q+%jcos¢ (7)

VGi e la hang sé duong; cosg # 0. Muc dich diéu
khién |a dé e; — 0 khi d6 &, = —,e, nghia la:
_ —Hg&g +rsiN@
cos®

(8)
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Dé& chiling minh hé 6n dinh, chon ham Lyapunov nhu sau:

Vy(es) =%e§ ©)

Dao ham hai vé (9) cé:
Vy (€9 )=€4€y =—Hges <0,(V)pg > 0.

Nhu vay hé (7) 6n dinh va hoi tu vé 0. Bién sai s tha 2
dugc chon:

(10)

€,=0—J, v6i §=(-H,e, +rsing)/coso.
Hé phuong trinh trang thai theo sai sé la:
{éa =—Hg€, +€,CosQP

¢, =4-4
Thay (4) vao (11) c6
. Sc | -1 I -
é, =¥Cm _%pr—r—z(p2 -r*)-q; do (I, < 1,) (12)
y y y

Thay Cn & cong thuc (5) vao (12) cé

. p,Sc [
Pl e L oarc 6,+-(C. a+C. q)
q , m, mgy ms, e vV Mg mg
|- 13)
_ X Zpr xz(pZ_rz)_a
ly ly

Vi a<0nén co thé bd

=(6—-y—PBsing)/cos¢ co:

qua,

. Sc
6, =P 4, OT¥Psne, o 8,
l, ° ° cos®p
Sc ¢ | -1 I a4
Pg42C C — 2 2 =
+—< ——C — X _Zppr_X _r’)-
l, 2V m 9 l, P l, (p ) .

DE e, ti€n vé 0, chon ham Lyapunov sau:
1 1
Vq(ee,eq):2 +2e

Pao ham hai vé (15), sau bién d6i cé:
Vq (ee,eq) =ey8, +e,8, =€ (—ueee +e, coscp) +eé,
=—le€; +€, (ee cos@+¢, ) (16)
=o€ —H €5 +e, (ee cosQ+p e, + éq)
VGi g 1a hang s6 duong. Vi
Y (ee, ) <0can:

2 2 A 2
—Hg€5 —H.e; <0 nén dé

eq(ee CosP+H,e, +éq)=0
Hay
p(:Sc |:Cm iC 6—\(—Bsm(pC
’ ° cos
y ? (18)

| -1
+e, COSQ+ U e, — XI Zpr—ﬁ(pz—rz)—
y y
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Két qua goc léch canh nang co gia tri sau:

| _
5, =— (61 PS5 L6, (19)
pySCcCm,, \ I

y

Véi
5, =-e,cosp—p.e,
0-y-Bsing <
6,=C, +C, ——+—C_q (20)
° ° cos@ PATAS

- | -
& == Zpr+|*—z(p2—r2)+q

y y

Viéc thiét ké bd diéu khién cho cac goc nghiéng quy dao
dugc thuc hién tuong tu. Chat lugng ctia bo diéu khién duoc
thé hién trong mé phong bang phan mém Matlab-Simulink.
4. MO PHONG VA DANH GIA KET QUA
4.1. Tham sé mé phéng

UAV c6 kich thudc nhé: sai canh b = 1,5m, dién tich bé
mat canh S = 0,52m?, day cung khi déng hoc trung binh
€=0,8m va khoi lugng m = 3,9kg; V = 17m/s; a = 1,24%
B = 0,25% H = 1000m; 6. = 9,1.10%rad; 6, = 1,04.10rad;
8, =-5,67.107rad; &r = 0,045.

4.2. Két qua mé phéng

+ Trudng hgp 1: D6 cao UAV ha d6 cao (AH = 100m),

khong c6 nhiéu.
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Hinh 4. Gdc chic ng6c ciia UAV thay ddi trudng hop khdng c6 nhiéu
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Hinh 5. Géc nghiéng quy dao cla UAV thay ddi trutng hgp khdng c6 nhiéu

Trong trudng hgp khéng cé nhiéu, khi dé cao bay thay
déi, géc chic ngéc va goc nghiéng quy dao dap ing nhanh
va 6n dinh, khong dao dong.

+ Trudng hgp 2: D6 cao bay thay déi (AH = 100m), ¢
nhiéu dong gio.

Trudng hgp c6 nhiéu dong gié trén cao, bd diéu khién
nhanh chéng én dinh d6 cao, goc chic ngéc va géc nghiéng
quy dao cé dao dong, nhung véi bién do nhé, ddm bao dugc
quaé trinh diéu khién.
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Hinh 6. D9 cao clia UAV thay dai truting hgp cd nhiéu
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Hinh 7. Géc chic ngéc ctia UAV thay d6i trudng hap c6 nhiéu
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Hinh 8. Goc nghiéng quy dao cia UAV thay ddi trudng hop c6 nhiéu
4.3. Nhan xét két qua

Qua két qud mé phdéng ta thdy, bd diéu khién
Backstepping cho géc chuc géc, géc nghiéng quy dao cé
hiéu qua t6t trong vong diéu khién UAV. Qua trinh qua doé
cta kénh dé cao khi st dung bo diéu khién dé xuat d6 qua
chinh rat nhd, thdi gian qua d6 ngan, qua trinh diéu khién
ém ai, chdng rung tot. Cac géc chiic ngodc, géc nghiéng quy
dao 6n dinh, gidm dugc dao ddng khi c6 nhiéu khi dong hoc.
5. KET LUAN

Bai bao da trinh bay két qua xay dung bo diéu khién
Backstepping cho kénh diéu khién géc chic ngdc va goc
nghiéng quy dao ctia UAV canh bang ¢4 nho. Noi dung bai
bdo da xay dung mé hinh toan, téng hop b diéu khién, mé
phdng bang phan mém Matlab-Simulink. Cac két qua kiém
nghiém cho thay:

- Thar nhét, viéc st dung bé diéu khién Backstepping lam
tdng tinh 6n dinh ctia hé théng, ddm bao d6 chinh xac trong
diéu khién.

- Tha hai, phuong phap nay da giup giam téi da sai s6 va
hién tugng dao dong, trong diéu kién hé théng chiu anh
hudng cla céc yéu t6 phi tuyén, nhiéu loan khi déng hoc
trong qua trinh bay.
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