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THIET KE BO DIEU KHIEN TRUOT

CHO UAV KIEU QUADROTOR

DESIGN OF SLIDING MODE CONTROLLER FOR UAV STYLE QUADROTOR

DOI: http://doi.org/10.57001/huih5804.2024.261

TOM TAT

Bai bdo trinh bay két qua téng hop mé hinh cia UAV Quadrotor, c6 tinh
dén cac rang budc phi tuyén hinh hoc, cling nhu cac hién tugng vt Iy anh
hudng dén dong hoc ctia thiét bi bay. Tt d6 st dung b diéu khién truot dé
dam béo tinh &n dinh, bén viing véi nhiéu. K&t qua cla bai bao dugc danh gia
théng qua md phdng trén phan mém Matlab-Simulink cho théy bé diéu khién
da dat dugc cac yéu cau chat lugng bay.

Tirkhéa: Thiét bj bay; diéu khién trugt; phi tuyén; bt dinh.

ABSTRACT

The article presents the results of synthesizing the model of the Quadrotor,
taking into account geometric nonlinear constraints, as well as physical
phenomena affecting the kinematics of the flying device. From there, use the
sliding mode controller to ensure stability and sustainability against noise. The
results of the article are evaluated through simulation on Matlab-Simulink
software, showing that the controller has achieved flight quality requirements.

Keywords: Unmanned Aerial Vehicle; sliding mode control; nonlinear;
uncertain.
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1.DAT VAN BE

Duéi tac déng clia cudc cach mang khoa hoc va céng
nghé, dac biét la cudc Cach mang céng nghiép lan thi tu,
may bay khéng ngudi lai (UAV) ngay cang dugc cai tién,
cho phép via tién hanh cac hoat déng quan su véi hiéu
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qua cao haon, vita gidm thiéu thuong vong cho ngudi diéu
khién. Thuc tién cac cudc xung dot quan su gan day dang
chiing t6 sé c6 mét cudc cach mang vé nghé thuat tac
chién cua loai phuong tién bay nay va kéo theo do6 la
nhling tac dong rat I6n tdi chién lugc quan su cta nhiéu
qudc gia trong tuong lai gan. Viéc diéu khién UAV
Quadrotor phai tinh dén cac anh huéng cua trong luc va
luc khi ddng hoc [1].Da cé nhiéu phuong phéap diéu khién
khac nhau dugc cong bd nhu: luat diéu khién dua trén
viéc lya chon mét ham Lyapunov ddm bao 6n dinh cac
quy dao mong mudn doc theo truc (X, Z) va goc nghiéng
[2], phat trién mot bé diéu khién PID dé 6n dinh dé cao
[3], b6 diéu khién trugt va trugt bac cao két hgp bd quan
sat [4] va [5] dé€ udc lugng bién trang théi chua do dugc
va cac tdc déng ctia nhiéu loan bén ngoai nhu gié va tiéng
on. Trong bai bao nay, @& mo hinh héa UAV Quadrotor cé
tinh dén cac théng s6 anh hudng dén déng luc hoc cua
thiét bi bay nhu ma sét do mé men khi dong, luc can doc
theo truc (X, Y, Z) va cac hiéu ung con quay hoi chuyén,
cac rang budc phi tuyén bac cao tir d6 téng hop bo diéu
khién truot én dinh quy dao bay.

2. MO HINH TOAN

Quadrotor ¢6 bén canh quat xép chéo, hai cap canh
quat (1, 3) va (2, 4) nhu mo ta trong hinh 2, quay theo
huéng ngugc nhau. Bang cach thay déi téc dé canh
quat, c6 thé thay déi luc nang va tao ra chuyén dong. Do
do, viéc tang hodc giam téc d6 clia bon canh quat cung
nhau tao ra chuyén déng thang dung. Nguoc lai, viéc
thay d6i t6c do cta canh quat tha 2 va tha 4 tao ra
chuyén déng quay tron két hop véi chuyén dong ngang.
Piéu chinh t8c dé clia canh quat tha 1 va tha 3 cho
chuyén dong nguac lai.
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Hinh 1. UAV kiéu Quadrotor

Xét hé quy chiéu quan tinh c6 géc tai A0, X, Y, Z) va
hé toa d6 c6 goc tai trong tam Quadrotor B(o, X, y, z) nhu
hinh 1.

Tu cac gia dinh: cau tric Quadrotor la ciing va déi
xung; luc day va luc can ty lé thuan véi binh phuong clia
téc dé clia canh quat. S dung cong thic ciia Newton-
Euler, cac phuong trinh déng luc hoc dugc viét dudi
dang sau:

E=v

mé& =F, +F, +F,

R=RS(Q)
JQ=-QAJQ+T -T,-T,

Trong d0, € la vi tri cia khéi tdam Quadrotor so véi hé
quy chiéu quan tinh, m 1a khéi lugng, JeR* la ma tran
quan tinh hang sé xac dinh duong déi xing cua
Quadrotor.

Q 1a van téc goc ctia Quadrotor so véi diém B:

10  —sin® )¢
Q=0 cosg¢ cosOsing || 6 (3)
0 -—sing cosgcosO ) ¥

R 1a phép bién d6i ma tran déng nhat:

S(Q) la ma tran déi xing léch; d6i véi mot vecto cho
trudc Q=[Q; Q, Qs]dugc dinh nghia nhu sau:

0 -0, Q
S(Q)=| @, 0 -Q (5)
Q, Q 0

F¢ la luc nang tao ra bgi bon rotor
+singsiny y

F, =| cosgsinBsing —singcosy | D F ©6)
cos¢cosd =

Vé6i F = prf ; Ko la hé s6 nang va wi la téc do goc clia

réto. Ft 1a téng hop cua luc can doc theo truc (X, Y, Z).

K, O O
F=| 0 K, O 7)
0o o0 K

ftz

Ks, Ky, Kitz 18 h@ s6 can chuyén dich theo 3 truc x, y, z.

Felaluchdpdan, F,=[0 0 —mg]T; I, lamé mendo
Quadrotor sinh ra dugc biéu thi nhu sau:

d(F,-F)
I, = d(F, -F,) (8)
Kd(w12 —wl +w] —wi)

Trong d6, d la khodng cach gilra tam khoi lugng clia

Quadrotor va truc quay cla canh quat va Kq la hé sé can.

[, la mé men xodn do ma sat khi dong hoc:

Ko O 0
I_‘a = 0 Kfay 0 (9)
0 0 K

faz

VGi Keax, Kray, Kraz [ hé s6 khi ddng hoc ma sat theo 3
trucx,y, z.

T, la két qua cla mé men xoan do hiéu ting con quay
hoi chuyén.
. 0
r,=>Qnal)| 0
i=1 (__I)m w,

Véi J; la mémen quan tinh clla Quadrotor.

cosB.cosP cosPsinBsing —sinPcosg cosPsinBcosg -+ sinysing

R=| cosB.siny
—sin®

sinsinBsing + cosPcosg sinPsinBcosg—cosyPsing (4)

singcosO cos¢cosO
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Suy ra mdé hinh déng luc hoc hoan chinh cla
Quadrotor nhu sau:
;}5_ 001, —1,) K¢, 4* —1.06+dU, |

Hh(1, -1,) K, 6 +1 Qg +dU, |

<

I -

D

[

| =
—_—— —— ,-N—\

<:
Il

04(1, -1, ) Ko * +K U, |

N

(1)

X = l{(cos¢sm6cosq)+5|n¢5|nL|))U Kftxx}
m

y= l{(cosgbsmesmq) singcosy)U, Kftyy}
m
l{cos¢cosGU Kz} -9
m

U dén U, la cac dau vao diéu khién cho bén déng co
nhu sau:

U, Ko Ko K p || W
U —K 0 K 0 || w?
2| _ P P i (12)
U, 0 K, 0 K, w3
U, Kp _Kp Kp _Kp wi

VaQd=w,-w, +w; —w,

Dong co DC truyén ddng cho canh quat théng qua bo
giam toc, phuong trinh trang thaéi ctia déng co:

V=ri +Lﬂ+ k.w
dw “ 13)
ki=J —+C, +kw’
dt

Trong d4, V la dién ap dau vao dong ca ; ke, km la hdng
s6 momen dién va co; k. la hang sé mémen tai; r la dién
tré trong clla déng co; Jr Ia mOmen quan tinh; C la
momen ma sat.

Rt ra, moé hinh dong co:

d)i = bVi _Bo _B1wi _[32()‘)i2 e [1’4] (14)
C k.k k k
Vd‘ =_51 == ! :_rlb:_m
I BO J B'I rJ BZ J I’J

r r r r

3. BO PIEU KHIEN TRUGT CHO QUADROTOR
DPua phuong trinh (11) vé dang khéng gian trang thai:
X=f(X)+g(X,U)+5 (15)
V6i X=[2,9,8,0,0.9,x,%y,5.2.2]

Tu (11) va (15) ta thu dugc biéu dién trang thai sau:
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X, =X,

X, =a,X, X, +a,x3 +a,Qx, +b,U,
X; =X,

X, = a,X,X, +a.x2 +a,Qx, +b,U,
X5 = X

VIR 2
X =a,X,X, +aX; +b,U,

X; = Xg
U, (16)
Xg =agXg +U, —
m
Xg =Xy
U
1
X10 = @10Xqg +Uy_
m
X571 =Xy,
Cx,Cx
. =23
Xpp =a X, + U1 -
m
Trong dé:
l, =1, —K -J
a :( a — fax ,33 — r,
IX
|, - K, J
? Ia6 :I_rl
y
I, — K K —K
) i X
faz ,ag fix ,aw — y ,a” fIZ,
m m m
d d 1
b = =—, = —

1_2 3
I, I |

U, = cosx, sinx, cosx, +sinx, sinx,,
U, =cosXx, sinX, sinX, —sinx, CosX
St dung phuong phéap Backstepping nhu moét thuat
toan dé quy cho téng hop luat diéu khién, dat bién sai s6:
Xq—X /1€{1,3,5,7,9,11}
z,= . .
X, =X na ~ O Zy) /1€12,4,6,8,10,12]

Véi a; > 0. Chon ham Lyapunov nhu sau:

(17)

lz? /i€{1,3,5,7,9,11}
V= 2

%(VH +2)/i€{2,4,6,8,10,12}

Mat trugt cho cac bién nhu sau:

Sp =12, =X, =Xy — 0,2,
Se =2, =X, — X34 — 032,
Sw =Z¢=Xg —Xgq — OsZs (19)
Sy =2y =Xy —X;4—0Q,2Z,
S =25 = X;p ~ Xgq — UgZg
S =Z =Xy X”d—GHZ”

HaUl Journal of Science and Technology | 39



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

Dé hé én dinh theo tiéu chuan Lyapunov thi diéu kién
truot can thiét 5.5<0 do d6, luat diéu khién dugc téng
hop nhu sau:

Y =l;{ﬂsign(5¢) kS, —axx, 332X+ +a(d x|
Us :k;lz{_quign(Se) _kzse —XXs _asxi _asg(z +éd +03(éd % )}
1 . .
U, = {—qusin(S, ) k.S, ~ape -+, + (i, —
, bs{ﬂgs'gn( ) K8, —a oy )| o0

1) 23 {—asign(s,) k.S, —ax; +%, +a,(%,—%, )} /U 20

Uy =3{—qssigl"(5y) _kSSy —9%g +yd +09(yd _ym)} /U1 #0

U Z%{_%Sign(sz) kS, —aX, + +G11(id _X12) +9}

Véi (q,.k, ) e R?
Chiing minh:
TU (17) va (18) cé:
1 1
V,=—2} +—2
2 2 (21)
Z, =X, =Xy — 47,
Theo (19) c6:
S, =2, =X, =Xy — 2, (22)
Thay (22) vao (21) c6:

1.

V. _521

) +%S§ (23)

Pao ham hai vé (23) cé:
V,=22+S,S,

(24)

5 _
. a,X, X, +a,X; +a,x,Q
:>V222121+S{ 1*4%6 27%2 374 }

+b1U2 _3_01 (a —X, )
Pao ham mat trugt (22) co:
S¢ = —q1sign(5¢ ) -k,S,

=X, — Xy —Q,2, (25)

B , = " .
=a,X, X, +a,X; +a;Qx, +bU, — ¢ —a1(¢d —xz)

TU (24) va (25) d€ hé 6n dinh theo Lyapunov, luat diéu
khién U, dugc chon la:
T {—q1sign(5 )—k,S —ax,Xq }

U,=—

26
b (26)

. =
—a,X; —a,QX, +4+a,(3—X, )

Cach tim khac trong (20) tuong tu nhu trén.
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4. KET QUA MO PHONG

Trong phan trén, bai bao da xay dung bé diéu khién
SMC cho UAV Quadrotor. M6 hinh m6 phong dugc thuc
hién trén Matlab/Simulink. Tham sé mé phdng nhu sau:

Ko = 2,34.10°N.m/rad/s; Kq = 3,134.10°N.m/rad/s;
m = 523g; d = 25cm; J = 3,82.103Nm/rad/s?; K = K =
diag(5,56; 5,56; 6,24).10*Nm/rad/s; o = 189,65; 31 = 5,6 ;
. =0,64.

Véi luat diéu khién dugc xay dung trong (20), tin hiéu
diéu khién cho 4 motor khi mé phdng c6 dang nhu hinh 2.

Tin hiéu diéu khién déng co 1

0 2 4 6 8 10 12 14 16 18 20
Thoi gian [s]

Tin hiéu diéu khién déng co 2

L L L L . . L '
) 2 4 6 8 10 12 14 16 18 20
Thai gian [s]

Tin hiéu diéu khién déng co 3

) U

2

o 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20

Théi gian [s]
12 -
10 '\ w
0 U . U | |
2 4 6 8

(o]

Tin hiéu diédu khién dong co 4

®

[}

IS

N

. |
10 12 14 16 18 20
Thoi gian [s]

Hinh 2. Tin hiéu diéu khién cho 4 motor

Khi d6 dap ung goéc nghiéng ¢, géc chic ngéc 6 va
g6c huéng P dugc thé hién trén hinh 3.
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Pap wng géc Phi ciaa Qruadrotor

Pap ong
Gia tri dat

Lo} 5 10 15 20
Theri gian [s]

Pap wrng goc Psi cua Qruadrotor

o [ T Y——

BPap drng
Gia tri dat

5 10 15 20
Th<i gian [s]

Pap wwng goc Theta cua Qruadrotor

Bap rng
Gia tri dat

Wi tri Qruadrotor theo truc =z

TEEN /_\
ar [ e
= .
~ O F
e
= | )|
i AN i
==k "\ / Pap crng
‘> yd Gia tri dat
-6
o s 10 15 20

Thei gian [s]

Hinh 4. Vi tri cia UAV Quadrotor theo hé truc toa do OXYZ

Nhén xét: TU cac két qua mé phdng thay rang bé SMC
da cho két qua t6t, quy dao UAV Quadrotor bam sat tin
hiéu dat (hinh 4) véi sai s6 xac lap 1a 0,01; d6 qua chinh
12%; dap Ung dau ctia UAV cho thay kha nang loai bé anh
huéng nhiéu va yéu té bat dinh cla bo diéu khién.
5. KET LUAN

Bai bao da trinh bay két qua téng hgp mé hinh UAV
Quadrotor va téng hagp luat diéu khién SMC, chiing minh
tinh én dinh ctia hé theo tiéu chuan Lyapunov. Két qua
thu dugc cho thay bo diéu khién dam bao dugc yéu cau
chat lugng bay ctia UAV, c6 thé (ing dung trong viéc thiét
ké bod diéu khién cho UAV bén canh quat phuc vu muc
dich dan su va quéc phong.

o 5 10 15 20
Thei gian [s]

Hinh 3. Dap tng géc ctia UAV Quadrotor

Khi d6 vi tri cia Quadrotor theo 3 truc dugc thé hién
trén hinh 4.

Wi tri Qruadrotor theo truc x

10
8 I B
=W \
- ,I".., -
6 \_\.. \; )
el \ .\
_— -l b
o F .‘.\ o
-2 .".‘\ 5 =
o Bap orng
-6
(o] S 10 15 20
Thei gian [s]
o Vi tri Qruadrotor theo truc y
Py
> S
2 N,

e
7
=N \_

-4 |
-6
-8 —f Bap trng
Gia tri &t
10
o 5 10 15 20

Thei gian [s]
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