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THIET KE BO DIEU KHIEN TRUQT BACKSTEPPING
CHO UAV KIEU QUADROTOR CO TINH DEN SU BAT DINH

CUA MO HiNH

DESIGN OF BACKSTEPPING SLIDING MODE CONTROLLER
FOR QUADROTOR-TYPE UAV CONSIDERING MODEL UNCERTAINTY
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TOM TAT

Bai bdo trinh bay két qua tong hop mé hinh cla UAV Quadrotor, c6 tinh
dén céc rang budc phi tuyén, bat dinh md hinh va nhiéu loan khi dong hoc. T
d6 st dung bo diéu khién trugt backstepping thich nghi d€ dam béo tinh 6n
dinh, bén viing. Két qua nghién ctu dugc danh gia thong qua md phdng trén
phan mém Matlab-Simulink cho thay b diéu khién da dat duoc cac yéu cau
chdt lugng diéu khién.

Tir khéa: Diéu khién cudn chiéu, phuong tién bay khdng ngudi Idi, thich
nghi, bén vimg.

ABSTRACT

The paper presents the results of synthesizing the model of the Quadrotor
UAV, taking into account nonlinear constraints, model uncertainties and
aerodynamic disturbances. From there, an adaptive backstepping sliding
controller is used to ensure stability and sustainability. The results are
evaluated through simulation on Matlab-Simulink software, showing that the
controller has achieved the control quality requirements.

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

Unmanned Aerial Vehicle (UAV) la phuong tién bay
dugc diéu khién tur xa, tu bay theo 16 trinh dinh sdn hoac
theo diéu khién ctia cac hé théng may tinh. Thai gian qua,
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UAV khéng ngling dugc nang cap, phat trién va dugc ting
dung vao nhiéu linh vuc ctia doi s6ng xa hoi. Trong quan
su, vai trd cila UAV dang ngay cang khang dinh tam quan
trong trén chién trudng. D€ diéu khién quy dao bay cla
UAV quadrotor can cé cac bd diéu khién cac géc trang
thai nhu: ¢ géc pitch; 6 géc roll; Y goc yaw [1, 2]. Véi diéu
kién bay phtic tap, c6 nhiéu dong gié két hgp mé hinh bat
dinh ctia UAV thi can xay dung bé diéu khién bén vimng,
ch6ng rung tét, tac ddong nhanh. Qua khao sat cho thay,
bo diéu khién truot backstepping thich nghi cho két qua
diéu khién tét ngay ca khi c6 nhiéu loan tac dong [3, 41.

2. MO HINH TOAN
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Hinh 1. UAV kiéu Quadrotor

Xét hé quy chiéu quan tinh c6 géc tai A(O,X,Y,Z) va
hé toa dé c6 gbc tai trong tam Quadrotor B(o,x,y,z) nhu
hinh 1.
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Tu cac gia dinh: cau truc Quadrotor la ciing va déi
xung; luc day va luc can ty 1é thuan véi binh phuong
cla téc do cla canh quat. S dung coéng thiic cua
Newton-Euler, cac phuang trinh déng luc hoc dugc viét
dudi dang sau:
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Trong d6, m la khéiluong, JeR*® lamatran quantinh
hang sé xac dinh duong déi xiing ctia Quadrotor.
Il 0 0
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Ty Ty, T2 lan lugt la moment xodn theo cac truc x, y, z;
FL1a téng lyc nang do 4 déng cotao ra F, =F +F, +F, +F,;
g la gia toc trong trudng; ¢ la goc pitch; B 1a géc roll; P la
goc yaw.

Néu tinh dén cac thanh phan bat dinh f trong m6 hinh
co:
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3. THIET KE BO PIEU KHIEN TRUOT BACKSTEPPING
THICH NGHI

Trong phan nay, sé di thiét ké luat diéu khién cho kénh
z, cac kénh diéu khién khac dugc suy ra tuong tu. Dua trén
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hé phuong trinh (1), phuong trinh dong cla kénh z
nhu sau:

i:lcos¢cose(—ﬁ)+g (3)
m

bat: X,=zX, =z; U, =-F .Dua (3) vé hé:
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Cosailéch e, =X, -z,

é =X, —z,=X, -2, (5)
Chon ham Lyapunov sau:
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Pao ham 2 vé (6) cb:
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Dt Xaq la tin hiéu diéu khién 3o, ddm bao tiéu chuan
én dinh Lyapunov:
X

=—Ce,+2, C,>0 (8)

2d =
bat e, =X, - X,, cé:
e, = Xz _de
1 . )
=—cos¢pcosOU, +g+Ce, -2,
m

Chon ham Lyapunov V, c6 dang:
1
V,(e,e,)=V, +Ee§

Dao ham 2 vé (10) ¢
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TUtiéu chudn én dinh Lyapunov dé dam bao hé théng
én dinh tiém can, toan cuc, luat diéu khién c6 dang:
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Chon mat truot:
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Pé dadm béo hé 8n dinh va héi tu can thda man diéu
kién s.5 < 0theo d6 rut ra luat diéu khién sau:
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Vi cach lam tuong tu sé tim dugc luat diéu khién cho
cackénhx,y, ¢,6,u:
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Dé danh gia cac dai lugng bat dinh trong mé hinh cia
quadrotor ta si dung gia tri udc lugng, véi kénh diéu
khién ¢ dugc tinh nhu sau:
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Trong do: f,f,f, 1a gia tri udc lugng; f,ﬁ,fz la sai s6
udc lugng.
Tu (2) phuong trinh sai so:
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TU (17), (18) rat ra luat diéu khién thich nghi cho kénh
o:
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Cac kénh con lai dugc tim tuong tu.
4. MO PHONG VA PANH GIA KET QUA
4.1. Tham sé mé phéng
UAV c6 khéi lugng m = 1,3kg; g =9,81m/s%; L =0,18m;

Ik = ly = 5,3.10%kg.m?; I, = 3,1.10%kg.m?, C; = 50; y; = 10;
ki=0,5;7\= 1;fi= 1.
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(15)

psi

4.2. K&t qua mé phong

Tién hanh mo6 phong UAV quadrotor co dong trong ca
3 mat phdng xyz, kiém tra dap Ung cac géc ¢,6,0, dap
Ung vi tri clla quadrotor so véi gia tri dat. K&t qua mo
phdng dugc thé hién trén hinh 2 + 9,
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Hinh 5. Vi tri quadrotor theo truc x
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Hinh 9. Vi tri quadrotor tai thoi diém 30s
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Nhén xét: Qua két qua mé phong ta thdy, bo diéu
khién trugt backstepping cho cac kénh diéu khién cé hiéu
qua tét trong diéu khién UAV. Thai gian d€ UAV bam theo
dung quy dao dat 1a 7s, sai s6 xac lap gan nhu bang 0, 6n
dinh, chéng nhiéu t6t.
5.KET LUAN

Bai bao da trinh bay két qua xay dung bo diéu khién
truot backstepping thich nghi cho cac kénh diéu khién
ctia UAV quadrotor. Phan trinh bay dugc bat dau tu viéc
xay dung mé hinh toéan, téng hop bd diéu khién, md
phong bang phan mém Matlab-Simulink. Cac két qua
kiém nghiém cho thay:

- Thd nhat, viéc s dung bd diéu khién truot
backstepping thich nghi lam tang tinh 6n dinh cta hé
théng, ddm bao d6 chinh xac trong diéu khién.

- Thi hai, phuong phap nay da giup giam t6i da sai s6
va hién tugng dao dong, trong diéu kién hé thong chiu
anh hudng clia cac yéu to phi tuyén, bat dinh cia mo hinh
va nhiéu loan khi déng hoc trong qua trinh bay.
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