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MO PHONG HE DIEU KHIEN QUADROTOR SU DUNG DONG €O
CHAP HANH MOT CHIEU VO1 BO DIEU KHIEN THICH NGHI

SIMULATION OF QUADROTOR CONTROL SYSTEM USING ENGINE ONE WAY WITH ADAPTIVE CONTROLLER
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TOM TAT

Bai bao nay trinh bay viéc xay dung mot md hinh ddng luc hoc ddy dt cla
quadrotor khi ké dén ca cdu chap hanh la dong co dién mét chiéu véi bo diéu
khién thich nghi. Céc bd diéu khién vi tri, téc d6 ctia quadrotor sé duoc thiét ké
theo phuong phép t6i tu modul, tuyén tinh héa phan héi va két qua dugc kiém
chiing bang phan mém Matlab-Simulink.

Tir khéa: M hinh quadrotor, mé hinh déng hoc, diéu khién.

ABSTRACT

This article presents the construction of a full dynamic model of a
quadrotor considering that the actuator is a DC electric motor with an adaptive
controller. The position and speed controllers of the quadrotor will be
designed according to the modular optimization method, feedback
linearization and the results will be verified using Matlab-Simulink software.
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CHU VIET TAT

UAV Unmanned Aerial Vehicle

(May bay khéng ngudi lai)

PID Proportional Integral Derivative
(Vi tich phan ty I&)
1.DAT VAN BE

UAV quadrotor la mét loai may bay khong cé ngudi lai
gom bén déng co lai bén canh quat dugc gan 1én mot
khung hinh chit thap [7]. Cach thic diéu khién UAV
quadrotor nhu sau:
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Hoang Van Huy'”

* Piéu khién dé cao

Diéu khién dé cao quadrotor bang viéc cing gidm hodc
clung tang mot lugng AA t6c d6 clia bén canh quat. Bau
vao diéu khién 1a U; (hinh 1).

* Piéu khién géc roll

Diéu khién géc roll quadrotor thuc hién bang viéc diéu
chinh giam (hoac tang) t6c d6é canh quat “trai” va tang
(hodc giam) toc d6 canh quat “phai”. Téc d6 cap canh
quat "truéc” va "sau" diéu chinh khéng déi. Bau vao diéu
khién la U, (hinh 2).

T 5 Twbe L 0 True
Qu+A, Quthn Q444 ‘ 0y
3

5: Phii S Prai
Hinh 2. Diéu khién gdc roll

Hinh 1. Diéu khién dd cao quadrotor

* Piéu khién gdc pitch

Diéu khién géc pitch quadrotor thuc hién bang viéc
diéu chinh gidam (hoac tang) t6c dé canh quat “sau” va
tang (hodc giam) téc d6 canh quat “trudc”. Téc dod cap
canh quat "trai" va "phai" diéu chinh khéng déi. Dau vao
diéu khién la U (hinh 3).

* Piéu khién goc yaw

Diéu khién géc yaw quadrotor thuc hién bang viéc diéu
chinh gidm (hodc tang) to6c d6 cap canh quat “trai - phai”
va tang (hoac giam) t6c dé cap canh quat “trudc - sau”. Dau
vao diéu khién 1a U, (hinh 4).

- D
S P Sau
Qutay Qy Qy-Ag

Hinh 3. Diéu khién gdc pitch

Trwee
Q H™ A ]

Hinh 4. Diéu khién g6c yaw
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2. MO HINH PONG HOC CUA QUADROTOR

Mé hinh cau tric don gian va cac hé truc toa d6 gan voi
quadrotor dugc biéu dién trong hinh 5. Trong d6, OpXpYEZg
la hé truc toa dé quan tinh, Ogxgygzg la hé truc toa do gan
VvGi vat (Quadrotor). G&c hé truc toa do Ogxgygzg dat trung
vGi tam clia quadrotor. F; la cac luc, M; la cdc mé men, Q; toc
d6 ctia bén canh quat [3, 6-8].

FAaMwQA

Trai

F.M.,.Q FLM0,
2 1
Sau W yaw 1 Phai
S e
ZE ,//
yﬂ"\\[y"xg
OE

Hinh 5. M@ hinh don gidn cla quadrotor

T'E 13 vi tri cGla quadrotor dugc tao thanh bai géc Oz va
g6c Ok clia hé truc toa dé Ogxgygzg Va hé truc toa do
OeXgYeZg [7].

It =[XYZ] M

G day: X, Y va Z 1a vi tri ctia quadrotor.

ZE 13 vi tri goc quadrotor dugc tao bdi huéng cta hé
truc toa d6 Og so vGi hé truc toa d6 quan tinh O¢.

EF = [¢ 6 ] )

Trong d6: ¢, 6, Y lan lugt la cac gbc quay quanh cac
truc toa do xs, ys, zs Va c6 gidi han la:

—90° < ¢p <90%; —90° <0 <90°;

—-180° < ¢ < 90° (3)
1 0 0
Rot(x,p) = [0 cd —sq)l;
0 s coh
c0 0 s6
Rot(y,0) = [ 0 1 Ol,
—sf 0 cH
cy —sy O
Rot(z, §) = [sw cy Ol (4)
0 0 1

Huéng quadrotor dugc xac dinh bdi ma tran quay
R,: 0 = Og vacacgoc o, 6, ¢

cOcy cPsOsp —sPcd sOcPcd + sPsod
= |sPcd cPch + sPsOsp sPsOch — ctllscl)l (5)
—s0 s¢pcO cpch

Trong d6: ¢, = cosn, s, =sinn
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Luc cla cdc canh quat:F = Y, F; (6)
Khi dong hoc sinh ra m6 men can:
8; = 0,5pACpr20? = dQ? 7)

Trong dé: F; = 0,5pACr2Q2 = bQZ; A la thiét dién
canh quat; r ban kinh canh quat; p mat d6 ctia khong khi;
Cp, Crla hé s6 luc can va luc day cta khi déng hoc

Hiéu hai cap luc (Fs - F1) va (F4 - F) sinh ra mé men cla
cac goc 8 (goc pitch) va goc ¢ (goc roll); téng hai cap luc
doi nhau (F1 - F,) va (F; — F4) sinh ra mé men cda goc |
(gocyaw).

MLIJ = C(F1 - F2+F3 - F4_) (10)

Trong d6: | 1a khodng céch gilta tam quadrotor va
déng co; c la hang s6 duong.

M6 men hoi chuyén: Hai mé men héi chuyén sinh ra
do chuyén déng va cdu trdc cla bén canh quat
quadrotor la:

M, = X, 58 A [0,0,],(-1) 10y (1)

My = 2EAIRE (12)

Trong dé: ZF 13 vector téc d6 goc; Iy, Iy,I; 1a cdc mo
men quan tinh; I = diag[lyx, Iy, Iz] la ma tran quan tinh;
Jp[N m s%] m6 men quan tinh cta rotor déng co.

Cac tin hiéu diéu khién U, U,, U; va U, dugc xac dinh
theo (13).

Uy F b 0f
M _ 2
Uz _[Me]_] O lbO \Q (13)

Us| [Mg| |-Ib ©
U, My, d —d d Q2
Trong dé:d > 0 1a hé s6 ctia luc can; b > 0 1a hé s6 luc day
tac déng lén quadrotor; Q4,Q,, Q3 vaQ, latéc do bén canh
quat.
T (13), ta thdy Us 1a téng céac luc day clia quadrotor;
U, Us va Usla m6 men tao ra cdc goc ¢, 6 va .

Ap dung phuong trinh Newton - Euler ta dugc phuang
trinh dong luc hoc quadrotor [7, 8]:
mIE = Fy, —Fq — Fy
{1§E=M—Mp—Mb—MC

G day: Fy, = Rz(¢,6,9)[0,0 T, F]" t6ng Iuc ddy
clia cac canh quat; Fq = diag(hy, h,, h3)I'T luc cdn khéng
khi; Fg = [0,0, mg]T Iyic hap dan; M = [Mg, Mg, M| mé
men téng cla cac goc Euler; M, My, cac mé men héi

chuyén; M. = diag(hy, hs, he)[$?, 62, {2 ]T mo men ma

(14)
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sat ctia khi dong hoc; hy, h,, ..., hg la cdc hé sé clia luc can
khéng khi.
Thay phuong trinh (1), cac luc va moé men [3, 7] vao
phuong trinh (14), ta dugc:
- Phuong trinh chuyén déng tinh tién:
X = (cosdsinBcosy + sinPsing)U; /m — KxX
Y = (cosdsin®siny — sinBcosP)U; /m — KyY  (15)
7 = (coscos®)U; /m — g — K, Z
Trong dé: g la gia téc trong trudng; m la téng khéi
lugng quadrotor Ky = h;/m,Ky = h,/m,K; = h;/m la
cac hang s6.
- Phuong trinh chuyén déng quay:

(‘I‘)zélijw_eﬁ_d)zh‘l'k
b=z plols_ gohs  Us (16)
Iy Iy Iy Iy
l]}zeq')(lx—ly)_quk_l_k
Iz I I

Céac dau vao diéu khién quadrotor:
U; = b(Q% + Q3 + Q3 + Q2)
U, = 1b(—03 + Q3)
U; = 1b(—0% + Q3)
U, =d(Q+0Q3-02-03)
Qs =0, +Q3—-Q, —Q,
Phuong trinh khéng gian trang théi véi cac bién
XT=XY,Z b0, 6,yXY272)T

(17)

. COSXCOSX,4SINXg
X, = , ; U;/m — Kyx
1 ( +sinxgsinx, 1/ XM
) C0SX4SinxsSsinx
X2= _ 4 5 6 Ul/m_KYXZ
COSXgSinx,
X3 = —g + (cosx,cosx5)U; /m — Kzx5
X4_ = X7
XS = Xg
X6 = Xg
. _ XgXo(ly=Iz) JpXsQs
3 X7 = - (18)
Ix Ix

—(ha/1)x% + Uy /Iy

X7x9(Iz-Ix)  JpX7Qs

Xo =
8 Iy Iy

—(hs/Iy)x§ + Uz /ly
Xo = X7%g(Ix — Iy)/Iz — (he/17)x5 + Uy/17

X10 = X1
X11 = X2
X12 = X3

3. TONG HQP CAC BO DIEU KHIEN

Sg d6 cau tric hé diéu khién quadrotor véi 3 vong
chuyén déng (hinh 6). Vong ngoai ciing la vong diéu khién
vi tri X, Y, Z cGa quadrotor; vong thi 2 la vong diéu khién
t6c do; vong trong la vong diéu khién cac goc Euler [9, 10].
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Hinh 6. So d6 khéi cac vong DK quadrotor

Trong dé: C, 1a b diéu khién va én dinh cac goc Euler;
C, la bo diéu khién téc do; C; la bo diéu khién vi tri; W, la
ham truyén cla tin hiéu phan hoi.
3.1. Téng hop bé diéu khién dong co dién mét chiéu
Phuang trinh can bang dién ap:
U = Ri + L(3i/ 8t) + Kgwy
Phuong trinh dong luc hoc:
Jp(dw/dt = My — M, (20)
G day: ], la téng mé men quén tinh quy déi; ifA] dong
dién ctia dong co; Ke [V s rad'] hang s6 dong cg; M, lamo
men cla déng co; M la m6 men can; wy [rad/s] toc do
géc. Vi tai la quat gié, m6é men can bao ci déng gém ba
thanh phan c6 dang nhu (21).
M, = M, + BQ + dQ?/nN (1)
Trong dé: My mé men can khéng déi; BQ ma sat nhét;
dQ?/mN mo men can cla canh quat.

£ l
Kig ® 1Rz
Typ+1 Tp+l

Tk le
K

(19)

(e
Hinh 7. Sa d6 khéi hé diéu khién dong co dién mot chiéu
a) Téng hgp bo diéu khién dong dién
Bo diéu khién dong dién dugc téng hgp theo tiéu
chuan t6i uu modul ¢6 dang ty & tich phan:

ded = K1 + 1/T1p (22)
Trong do: T1 = ZTudede/RuZ;
Ky =T,/T) = RuETu/ZTudede
Ham truyén dat cGa vong kin:
Wi = 1/Kq(2Tqp + 1) (23)

b) Téng hap bd diéu khién thich nghi t6c d6 bang
phuong phap gradient
Ham truyén ctia d6i tugng [1] la:
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Y(p) Cy 1
Glo) = P _ oy Su L
) U “opKu
(24)
1 c, 1 b

" Kg@Tuap+ DppKea  p(p+2)
Trong dé:b = C,/2KqKkq)p Tua; U(p)/Y(p) dau vao/ra

B6 diéu khién dugc téng hgp theo mé hinh tham
chiéu, va dugc lya chon la khau bac 2, ¢ ham truyén:

Gm(P) = Ym(p)/Uc(p) = 1/(p*> +05P +1) (25
Trong d6: Yy, (p) dau ramong muén; U, (p) dau vao hé
thong.

Gia su: T,,q la hdng s6 khong ddi, do do:
a=1/2T,a=1/2=0,5

Ham truyén cla d6i tugng:

G(p) = Y(p)/U(p) =b/p(P +a) = b/p(p + 0,5)(26)

, 1
TR Cocduhieuchinh [«
! Quétrnh mong mugn

U u

LA EE— N b -
i u = k(u, — ¥ Gip)= —
: > @, =) ® =557 [T
¥ 8.0 khién Qua trinh

Hinh 8. Sa d6 tdng quat ctia hé théng véi bo diéu khién thich nghi
Bién dai (26) vai luat diéu khién: u = k(u. — y)

= y = bku./p? + 0,5p + bk (27)
Sai s6 clia hé thong vong kin:
bk
e=y—Vm= muc
1 (28)

T pZ+05p+1e
Tu phuong trinh (28), ta c6 d6 nhay cua sai s6 theo k
[1]1 nhu sau:

de dy b(p®+0,5p+bk) —b’k

Ok 0k (p+05p+bkZ  c 09)
de b(p? + 0,5p)

= — = U
ok _ (p2 + 0,5p + bk)?

Theo MIT, luat cap nhat hé s6 theo k cé dang:
dk _ de
at~ ok’ °® 50
) b(p? + 0,5p)

==Yy = ¥m)

(P2 + 0,5p + bk)2 ©

Dé cap nhat truc tiép hé s6 k, ta phai sir dung thém
phép xap xi dé loai bd hé s6 chua biét.

TU phuaong trinh (25) ta co:
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(p* +0,5p + )Y (p) = Uc(p)

< (p2+0,5p + Dy = u,

Syn=u./(p>+0,5p+1

Khi ham truyén dat (27) dat t&i ham truyén dat mong
muén (31).

(p? + 0,5p + bk)y = bku,
= (p?+0,5p+ Dy, = uc (33)
Hay: bk = 1. Do d6 phuang trinh (30) c6 thé xap xi:

dk de

dt - e& (34)
o, b(p? + ap)
- y (y Ym) (pz + ap + 1)2 uC
Hon nia, daty = y'b nén (34) duoc xap xi [1].
dk (p? + ap)
= — . — 35
dt Y(y Ym) (pz + ap + 1)2 uC ( )

3.2. Tong hop bé diéu khién C1

Dé tdng haop bo diéu khién C;, trong bai bao st dung
phuong phap tuyén tinh hoa phan héi (TTHPH) [9, 10].
Noi dung clia phuong phéap nay bién déi mét hé truyén
déng phi tuyén thanh hodc xap xi mot hé tuyén tinh.

Hé con S; bao gébm cac phuong trinh vi phan mo6 ta
dong luc hoc trang thai cac gc Euler véi cac bién diéu khién
U,,Us, U,

( % = XgXo(ly—Iz)  JpXslls
;=

Ix Ix

—(hs/1)x5 + Uy /Iy
{ X = X7X9(Iz—Ix)  JpX7Qs
8~ Iy Iy

—(hs/Iy)xg + Us/ly
Xo = X7Xg(Ix — Iy) /17 — (h/17)x5 + U,/17
S dung phuong phap tuyén tinh hoa phan héi, cac
bién dau vao diéu khién U,, U;, U, dugc bién déi thanh
cac bién diéu khién mai U,, U3, U,

(36)

fﬁ _ U, — xgXo(ly — I7) _ Jpxglly _ (E) 2
? Ix Ix Ix/ "7
~ X7%9(Iz — Ix) Jpx7 Qs (hs)
{U;=U; — - — (=) %3
3 3 Iy Iy Iy Xg
- U, —x-xg(Ix — 1 h
U, = 4 718(X Y)_<I_6)X'§
VA yA
U, = gz + B,
= U3 = U3 + 83 (37)
Uy =U, + By

Nhu vay, véi bién diéu khién méi U,, U; va U,. Dé hé la
tuyén tinh can phai thda man diéu kién:
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XgXo(ly—Iz)  JpXgQs

12X7 = ; "
X X
—(ha/1)x7 + B2/Ix
¥ Aaxg = X7X9(IIYZ—IX) _ ]p):(ﬂ): (38)

—(hs/Iy)x3 + 1bBs/ly
\yxg = x7%g(Ix — Iy) /17 — (he/1z)x5 + dBa/Iz
Trong d6: A,,A3, A4 la cac hang s6 chua biét can xac
dinh. Ta rat f,, B3, B4 trong phuong trinh (37), st dung
phuang trinh (38) va thay vao phuaong trinh (36), ta dugc:
X7 = ApX7 + Uy /lIx
Xg = A3xg + 1bU3 /Iy
Xg = AgXo + dU,/I;
Dé xac dinh A,, 25,2, ta st dung ham Lyapunov c6
dang nhu sau:
V =0,5(x3 +x% +x3)
Lay dao ham V ta co:
V = (X,%; + XgXg + XoXg) = X2 + A3x3 + A,x3
V <0 néu Ay, 23,4, <0, khi d6 hé tuyén tinh hoa
phan héi 6n dinh tiém can.
Tu phuong trinh (39), ta c6 ¢ = x,. Ta c6 ham truyén
dat diéu khién géc ¢ khi tinh dé€n ham truyén phan hoi:
Wy =x4/Uy = Wpng/T2S(Tips + 1) (41)
Trong d6: Tyg = —1/A2 To = —A2lxx

(39

(40)

St dung tiéu chuan t6i uu modul [5], ta téng hop dugc
bo diéu khién cac goc ¢, 6 va | c6 dang ty |é tich phan PI:

Wakg = 0,585Wpnelxx = (0,503 Wynelxx) /P (42)
Wake = 0,503Wpnelyy — (0,503 Wphelyy)/p (43)
Waig = 0,503 Wpnylzz = (0,503 Wpnylzz)/p (44)

3.3.Téng hop bd diéu khién C;

Véi gia thiét, vong diéu khién C; phan ting nhanh hon
so v&i vong diéu khién C; [9]. Khi dy, gia tri mong mudn
clia cac goc Euler x44, X54, Xgq Xac lap va gui téi hé con S,.
Khi d6 phuong trinh chuyén dong tinh tién ctia quadrotor
c6 dang nhu sau:

. C0SX44SiNX53COSXgq .
1= ( +sinx,4si Up/m = KyX
4dSINXgq
. COSX,44SinXc4Sinx -
X, = 4-.d 5d 6d Ul/m _ KYY (45)
—Ssinx,qC0SXgq

%3 = (cosx4qc08xsq)U;/m — g — Kz Z
G day: X4, Xsq, Xeq Va Uy 12 cac bién diéu khién. Ta gia
thiét c6 ba bién BK mai U,, U,, Us ton tai doc 1ap, khi d6
phuong trinh (45) c6 dang nhu sau:
X1 = Y1(Xad X5d, X6d, U1) = ﬁ1
X, = Y2(Xad, X5 X6a, U1) = Uy
X3 = Y3(X4a, X5, U1) = ﬁs

(46)
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V6i cac bién U,,U,,U;, dé don gidn cho viéc diéu
khién, ta Iua chon bo diéu khién cé dang ty lé:

Uy = ky(x1q —%1) = Xgq = X);

U, = kp(X2a — %) = (Yd -Y)

ﬁ3 = k3(X3q —X3) = (Zd - Z)

Trong d9, kq, k,, k3 1a tham s6 bo diéu khién. TU cac
bién U,,U,, Us, viéc xac dinh cac bién x,4, X4 va U, dugc
thuc hién bang cach gidi phuong trinh (45) véi
Xeq = Uq = 0 va bd qua thanh phan K¢X; KyY; K;Z,
[9, 10]. Ta dugc:

U; = cosxyqsinxsqU; /m

U, = sinx4qU;/m (47)
U; = —g + cosxyqcosxsqU; /m
Ta thu dugc cac nghiém nhu sau:
Uy = m |(02/(-T;m)?) + 03 (48)

X4q = Ppq = arcsin (U,m/U;) — 90° < by < 90° (49)
Xsq = Bq
= arcsin (1/+/(U; + g/U;)% + 1)
-90% < 084 <90°

Xed =Yg =0
3.4. Tong hop bé diéu khién C;

Ta st dung phuong phéap nhan dang [2] dé téng hop
b6 diéu khién Cs. Ta c6, ham truyén b diéu khién vi tri co
dang ty Ié vi tich phan PID.
4T x + Tox

8T{xKx
+(1/8T{xKx)p + (TixTx)p/2Tix Ky
4Ty + Toy

8T Ky
+(1/8T{yKy)p + Ty Toyp/2 T Ky
4T 7 + T,y

8T7Kz

+(1/8T{zKz)p + (TizT27)p/2Ti7 K7

4. MO PHONG HE THONG

D& méd phong hé théng diéu khién quadrotor st dung
cac thong so vat ly clia quadrotor va ctia dong co dién
mot chiéu nhu thé hién trong bang 1.

(50)
(51)

Wakx =
(52)
Waky =
(53)
Wakz =

(54)

Bang 1. Thong 50 clia quadrotor va dong co

Théng sé Ky hiéu Gid tri Don vi
Loai dong co RS-555PH véi dién | Uy, 1, 24:0,21 VA
ap, dong dién
Dién tr, dién cdm phan ting Ru L 0,6; 15.10°3 Q,H
Hang 56 thoi gian cdia bd bién doi Tha 0,01 s
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Hé s6 lucnang b 54,2.10° N¢?

Hé s luc luc kéo d 1,1.10° N ¢

M0 men quén tinh N 0,089 Nms?

Khéi lugng quadrotor m 1,0 kg

Momen quan tinh trucX, Y, Z Iy, Iy, Iz 0,008; 0,008; Nms?
0,010

Gia toc trong trudng g 9,81 m/s?

Khodng cach gilla tUr tam

quadrotor dén tam cla dong co ! 05 m

Hé s luc kéo hi,hy, hs 0,3729

Hé s6 ma st khi dong hoc hy, hs, he 5,56 10

Két qua mé phéng: Diéu khién quadrotor di chuyén
tinh tién doc theo truc Z véi dé cao thay déi, két hgp di
chuyén tinh tién theo phuong X va Y vai gia tri dat:
Xa=15[m]; Ya=10[m]; Z¢=[10 154025 5] [m]:

Vi tri quadrotor
Truc X (m)

T T T
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/ = = Gia tri mong muon
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Hinh 9. Két qud md phong
5.KET LUAN

Bai bao da xay dung dugc mét mé hinh déng luc hoc
phi tuyén day da ctia quadrotor khi c6 ca cau chap hanh
(Bong co dién mét chiéu) va cac dai lugng vat ly nhu cac
luc, khi déng hoc bang phuong phap Newton - Euler. Bo
diéu khién téc d6 déng ca dugc téng hop theo phuang
phap thich nghi, b6 diéu khién va én dinh cac géc Euler
dugc téng hgp theo phuang phap tuyén tinh hda phéan
hoi, bo diéu khién téc dé va vi tri quadrotor dugc téng
hgp theo phuong phép t6i uu modul. St dung céng cu
Matlab - Simulink d€ mé phong hé théng. Két qua thu
dugc cho thdy quadrotor da di chuyén chinh xac dén
dung céc vi tri dat mong mudn, cac goc Euler thay déi rat
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nhd, chiing t6 quadrotor di chuyén ém trong qua trinh
cat canh va di chuyén. Diéu nay cho thdy cac bé diéu
khién da dugc téng hgp dap Ung tét véi cac dau vao
mong muodn.
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