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THIET KE BO DIEU KHIEN VI TRi THIET BI BAY
KHONG NGUO1 LAI QUADROTOR
BANG PHUONG PHAP TUYENTINH HOA PHAN HOI

DESIGN OF A QUADROTOR POSITION CONTROLLER USING FEEDBACK LINEARIZED METHOD
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TOMTAT

Bai bao trinh bay phuong phép thiét ké bo diéu khién thiét bi bay khong
nquai Ii (UAV) quadrotor phi tuyén, dua trén sy phan chia md hinh ddng luc
hoc clia quadrotor thanh céc hé con ¢6 cdu triic phu thudc nhau va st dung
tuyén tinh héa phan hoi. Trén co s& cac bd diéu khién tong hop dugc, tién hanh
mo phdng hé diéu khién vi tri quadrotor béng Matlab-Simulink. Cac két qua
md phdng chiing minh tinh diing dan cta thudt toan va cach tiép can khi tong
hap bo diéu khién phiic tap cda quadrotor.

Tir khéa: M6 hinh quadrotor, diéu khién, mé hinh déng hoc, tuyén tinh héa
phan hoi.

ABSTRACT

This article presents a method for designing a nonlinear quadrotor
Unmanned Aerial Vehicle (UAV) controller, based on dividing the quadrotor's
dynamic model into structurally dependent subsystems and using routes.
feedback calculation. Based on the synthesized controllers, simulate the
quadrotor position control system using Matlab-Simulink. The simulation
results demonstrate the correctness of the algorithm and approach when
synthesizing the complex controller of the quadrotor.

Keywords: Model quadrotor, control, dynamic model, feedback linearization.
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CHU VIET TAT

UAV Unmanned Aerial Vehicle

(May bay khéng ngudi lai)
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Hoang Van Huy'”

PID Proportional Integral Derivative
(Vi tich phan ty 1€)
LQR linear quadratic regulator
(Diéu khién t&i uu tuyén tinh bac hai)
1. GIGI THIEU

Trong nhiing ndm gan day, viéc nghién ctru cac thiét
bi bay khéng ngudi 1ai UAV dac biét dugc quan tam clia
nhiéu nha khoa hoc trong va ngoai nudc, do thiét bi nay
c6 thé thay thé con ngudi trong nhiing cong viéc nguy
hiém nhu do tham, khao sat dia hinh dia vat, chup anh,
giam sat hodc quan trac, giam sat nui lra, chay riing, kiém
tra dudng day dién, tim kiém ngudi that lac, ciu ho thién
tai,... Mot trong céc thiét bi c6 thé dap ung dugc cac
nhiém vu trén 1a quadrotor, bdi cac uu diém néi bat 1a cat
va ha canh thang diing dé dang, kich thudc nhé gon, két
cdu ca khi don gian [6, 7]. Tuy nhién, quadrotor véi mo
hinh dong luc hoc c6 tinh phi tuyén manh, tai trong nhé
va kha nang x( ly ctia cac thiét bi dién ti trén thiét bi nay
cling bi han ché. Vi vay, viéc diéu khién 6n dinh va chinh
xac vi tri quadrotor van la mét trong nhimng linh vuc
nghién ctu quan trong [8]. Cho dén nay, nhiéu nha
nghién ctu da phat trién mot s6 lugng dang ké cac
phuang phap diéu khién quadrotor, bao gém bé diéu
khién vi tich phan ty 1& (PID), bé diéu khién LQR [9], bo
diéu khién ché d6 trugt phi tuyén [10, 11], b6 diéu khién
logic m&, mang na ron [12, 13],... Tuy nhién, cac bo diéu
khién dugc dé xuat trong cac céng trinh nghién ctu doi
hoi muic do6 tinh toan I6n.

Vi vay, bai bao nay trinh bay phuong phép téng hgp
bo diéu khién vi tri quadrotor bang phuang phap phan

Tap 60 - S0 8 (8/2024)



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

SCIENCE - TECHNOLOGY

chia chuyén déng. Cu thé, phan chia ciu tric hé diéu
khién quadrotor thanh 3 vong. Vong trong la vong diéu
khién va én dinh trang thai cac goc Euler, vong thu 2 la
vong diéu khién téc do, vong ngoai cung la vong diéu
khién vi tri va st dung phuong phéap téng hgp hé théng
nhiéu vong véi cac vong diéu khién 1é thudc dé téng hap
hé théng. Bang cach phan chia chuyén déng nay, cho
phép viéc tdng hap bd diéu khién sé don gian di rat nhiéu.
2. MO HINH DONG HOC CUA QUADROTOR

Cau tric don gian cta quadrotor gém bén dong co
gan trong mét cau trdc hinh chir thap véi 04 canh quat:
Canh quat “truédc - sau” quay ngugc chiéu kim dong ho;
canh quat “phai - trdi” quay cung chiéu kim dong hé.
Diéu nay la can thiét dé tao su lam viéc én dinh cho
quadrotor [7].

* Thay déi d6 cao (U, [N])

Diéu khién thay déi do cao clia quadrotor thuc hién
bang cach tang hoac giam téc d6 clia tat ca cac canh quat
cung mét lugng AA. Qua trinh nay dugc diéu khién bai
dai lugng Us. Hinh 1 biéu dién su diéu khién thay déi do
cao clia quadrotor.

Trai Z Trwde
Qut+Ay Quta,
Sau

Hinh 1. Thay d6i d6 cao ctia quadrotor

LD
QutA, H
()
Sau Phai
Qy Qu-4g

Hinh 2. Thay d8i gdc roll
* Thay d6i goc roll (U, [Nm])

Diéu khién thay déi géc roll clia quadrotor dugc thuc
hién bang cach tang (hodc giam) téc d6 canh quat “trai”
dong thoi gidm (hodc tang) toc d6 canh quat “phai”. Téc
dé canh quat "trudc” va "sau” gittkhong déi. Qua trinh nay
dugc diéu khién béi dai lugng U,. Hinh 2 biéu dién su thay
déi ctia goc roll.

* Thay d6i goc pitch (Us [Nm])

Diéu khién thay déi goc pitch ctia quadrotor dugc
thuc hién bang cach tang (hodc giam) téc dé canh quat
“sau” déng thagi gidm (hodc tang) toc do canh quat

Phai
)'H +A A

b=
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“truc”. T8¢ dd canh quat "trai" va "phai" gitt khong déi.
Qua trinh nay dugc diéu khién béi dai luong Us. Hinh 3
bi€u dién su thay déi goc pitch.

Hinh 4. Thay d6i goc yaw

* Thay d6i goc yaw (Us [Nm])

Diéu khién thay déi géc yaw clia quadrotor dugc thuc
hién bang tang (hoac giam) téc dé ctia cap canh quat “trai”
va “phai” déng thai gidm (hodc tang) téc dé clia cap canh
quat trudc va sau, quéa nay dugc diéu khién béi dai lugng
Us. Hinh 4 biéu dién su thay déi géc yaw.

Cau truc cta quadrotor vai cac hé toa dd nhu hinh 5.
Trong d6, hé quy chiéu gan véi trai dat c6 hé toa do Oexeyeze
va hé quy chiéu gén vai vat (quadroto) cé toa dd Osxeyszs,
g0c toa d6 dugc chon trung vai trong tdm clia quadrotor. F,
M;, Qi la cac luc, mé men va t6c d6 tuong ting dugc tao ra tu
cac canh quat [5, 6, 71.

Vi tri chuyén déng cla khéi tdm quadrotor T [m]
dugc xac dinh bai vector toa do gilta goc clia hé toa do
Og va gbc clia hé toa d6 Ok [7] theo biéu thic (1).

' =[XYZ] (M

Trong d6: X[m], Y[m], Z[m] vi tri chuyén déng cla
khoi tam quadrotor doc theo cac truc xg, Y, ze cla hé quy
chiéu O.

/FE

z, ,,/
ys“\\[%ﬂ&
O,

Hinh 5. M6 hinh cdu tric ctia quadrotor
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Vi tri goc¢ cGa quadrotor ®F dugc xac dinh béi huéng
cla hé toa do Og so véi hé quy chiéu Oc. Diéu nay dugc
thuc hién bai ba phép quay lién tiép xung quanh cac truc
Xs, Y8, Z8.

F=[g0Y] 2)

Trong dé: ¢ la goc quay quanh truc xg (goc roll); 6 la
goc quay quanh truc ys (goc pitch); Y la géc quay quanh
truc zg (goc yaw).

Céc géc nay dugc gidi han nhu sau: —90° <¢<90°;
-90° <B6<90°; —180° <P <90°

Mo6i dong co B (i=1, 2, 3 va 4) clia quadrotor sé taora
mot luc F; ty 1& véi binh phuong téc dé canh quat Q va
ludn cé gia tri duong.

Hudng clia quadrotor dugc tao ra bdi ma tran quay
R,: O >0, phu thudc vao cac goéc Euler (4,6,) va
dugc xac dinh nhu sau:

CuCo  —SyCs €SS,  SyS4 +C,SeC,

) = —

Ro=[5uC  CyCy+5,55, —CuS, +5,5C, 3)
—Sg CoSP CoCy

Trong d6: ¢, = cosn, s, = sinn

Khi bay, quadrotor phai chiu cac luc tac dong tur bén
ngoai nhu: Luc hdp dan, ma sat nhét, luc can khéng khi va
céc luc khac (luc day, luc kéo).

Luc tao ra bdi cac canh quat iy, :

F =0.5pACr’ Q) =bQ)! @)

Trong d6: p la mat d6 khong khi; rva A la ban kinh va
thiét dién clia canh quat, Cr 1a hé sé luc day khi déng luc
hoc.

M men can cla khi dong hoc, gay ra béi luc can tai cac
canh quat:

8, =0.5pAC,r* QY =dQY (5)

Trong d6: Cp la hé s6 luc can cla khi dong hoc.

Mé men tao ra goc pitch ty [é thuan véi hiéu cta hai
luc (F5 - F1), m& men tao ra goc roll ty 1& thuan véi hiéu clia
hai luc (F4- F,) va goc yaw la téng clia cac cap luc d6i nhau
tao ra b&i bon canh quat. M6 men tao ra cac goc roll, pitch
va yaw dugc xac dinh nhu sau:

M, =I(F, —F,) (6)
M, =IF, —F,) (7)
M, =c(F, -F, +F, -F,) (8)
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Trong dé: c 1a mot hang sé khéng déi va | 1a khoang
cach tir khéi tam clia quadrotor dén tam cta dong co lai
canh quat.

Hai mé men dugc tao ra do su hoi chuyén la: Su
chuyén déng clia cac canh quat va hinh dang cuda
quadrotor.

4. . T

M, =2 6" A[0,0,),(-1"'Q, ] 9)

i=1

M, =©° AlGF (10)

Trong d6: ©F 13 vector téc d6 goc trong hé quy chiéu
Oeva I=diadll,y,l,y.l,,] ma trén quan tinh cdia quadrotor;
Iy /Jyy Va l,, m& men quan tinh clia quadrotor quanh truc
X, Yvaz J [INms’] mé men quén tinh cda rotor quay
quanh truc clia canh quat.

DPau vao diéu khién quadrotor dugc xac dinh nhu sau:

Ul [F][b b b bl
U | M| |0 b 0 Ib|c an
U | [Me| |-lb 0 b o0 |2
U | M| |d —d d -d]e

Trong dé: b > 0 vad > 0 la hai tham s6 phu thuéc vao
mat dé khong khi, hinh dang canh quat. Hé sé luc day, hé
s0 luc can clia canh quat dugc dua ra trong phuang trinh
4), (5). Q,,9Q,,Q,,Q, latdc dod cta bén canh quat.

Tu phuong trinh (11), ta thdy dau vao U la téng luc
day tac dong Ién khung quadrotor doc theo truc Z, dau
vao Uy, Us va Us Ia moé men clia gdc roll, géc pitch va goc
yaw.

St dung phuong phap Newton - Euler ta cé dugc cac
phuang trinh chuyén dong cta quadrotor [6, 7], nhu
phuang trinh (12).

L

{rrjl“ =F.-F,-F, 12

16F =M-M, —M, =M,

X T
J day: F, :R®(¢,G,L|))[0,0ZE} téng luc ddy cac canh

i=1
quat; F, =diag(n,,n,,n,)I"" luc cdn khong khi chéng lai su
chuyén dong cta quadrotor; F, =[0,0,mg]" luc hdp dan;

M=[M,,My,M, 1" téng mé men clia cac géc roll, pitch va

yaw; My, va M, cac md men héi chuyén;

.2 . T
M. :diag(n4,n5,n6)[¢ ,Gz,lj)z} mo men sinh ra tU ma sat

khi déng hoc; n,,n,,...n, cac hé so luc can va duong.
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Thay thé vector vi tri va cac thanh phan luc vao
phuong trinh 1 clia (12), ta cé dugc phuong trinh dong
luc hoc chuyén déng tinh tién cia quadrotor nhu sau:

X = (cosgcosysind + singsinp)U, /m
Y = (cosgsinysin® —cosysing)U, /m (13)
7 =(-g+cosgcosB)U, /m

Thay thé cac thanh phan mé men vao phuong trinh 2
ctia (12), ta dugc phuang trinh déng luc hoc chuyén déng
quay clia quadrotor nhu sau [6, 7]:

- . . 42
P=18(, —115) /Ly — 180 /1y +U, /1 1, 4 /1y
B=0hll,, —ly) /Ny o $Qs /1y +U, /1y, —08 /1, (14)

¢:¢e(lxx —Iy) /1y +U, /15, _néqu Iy

Dau vao la téc d6 canh quat dugc dua ra theo phuong
trinh (15):

U, =b(Q? + Q2 + Q% +Q7)
U, =Ib(Q} - Q3)

U, =Ib(Q2 - Q?)

U, =dQ? -Q2 +Q2-Q2)
0, =0,-0,+Q,-Q,

(15)

Mé hinh nay c6 thé viét dusi dang dang khéng gian
trang thai véi bién trang thai:

X" =(X,Y,Z,4,6,8,6,,{) c6dang nhu sau:

X, =(cosx, cosx, sinx, + sinx, sinx,)U, /m

X, =(cosx, sinx, sinx, —cosx, sinx,)U, /m

X; =(=g+cosx, cosx;)U, /m

X, =X,

% =X, (16)
Xg =Xg

X; =XgXo(lyy =lzz) /lxx =Xg Q5 /1y +U, /1

Xs =X;7X,g (lzz _|XX)/IYY _X7JPQZ /IYY +U3 /IYY

X9 :X7X8(IXX _IYY)/IZZ +U4 /Izz

Phuong trinh khéng gian trang thai nay c6 thé tach
thanh cac hé con [5, 6], bao gém:

- Hé con thi nhat (S:): M6 ta déng luc hoc trang théi cac
goc Euler véi cac bién dau vao U,, Us, U, dugc thé hién thong
qua hé phuong trinh vi phan (17).

X7 =XgXqlyy =l7) /Iy _XSJPQZ My +Uy /iy
Xg = X;Xg(l; =l ) /Iy =%, 0, Q5 /1y, +U, /1y, (17)

X9 :X7Xs(lxx _IYY)/IZZ +U, /Izz
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- Hé con thi 2 (S;) gbm cac phuong trinh vi phan mé
td dong luc hoc diéu khién chuyén déng tinh tién cla
quadrotor véi cac théng tin dau vao la cac goc Euler va
bién U;.

X, =(cosx, cosx, sinX, + sinx, sinx, U, /m
X, =(cosXx, sinx, sinx, —cosx, sinx, U, /m (18)
X; =(—g+cosx, cosx;)U, /m

Viéc phan chia chuyén déng sé gitp cho viéc téng hop
bo diéu khién sé don gian rat nhiéu.
3. THIET KE BO DIEU KHIEN

Dua trén viéc phan chia chuyén déng nhu da trinh bay
& phan trén, bai bao nay trinh bay viéc sir dung phuong
phap téng hop hé théng nhiéu vong diéu khién 1é thudc
dé téng hop hé théng diéu khién quadrotor. Hé théng
diéu khién quadrotor theo cdu tric phan chia chuyén déng
bao gém 3 vong. Vong trong la vong diéu khién va 6n dinh
trang thai cac goc Euler; vong thi 2 1a vong diéu khién téc
do; vong ngoai cung la vong diéu khién vi tri X, Y, Z cla
quadrotor. V&i cdu trac nay thi vong bén trong phai co
tinh tdc déng nhanh hon so véi vong ngoai. Cau trdc
phan chia chuyén dong dugc biéu dién trong hinh 6.

Hinh 6. So d6 khdi cac vong diéu khién quadrotor

a) Téng hop B diéu khién va én dinh cdc géc Euler C1
Dé téng hgp bd diéu khién va én dinh cac géc Euler,
trong bai bao sir dung phuang phép tuyén tinh héa phan
hoi [5, 6]. Néi dung clia phuong phap nay la chuyén déi
mot hé thong phi tuyén thanh hodc xap xi mét hé théng
tuyén tinh theo cac phép bién déi.
Hé con S; la cac phuang trinh vi phan mé ta déng luc
hoc trang thai cac géc Euler véi cac bién dau vao Uy, Us, Ua.
X; =XgXglyy —l72) /Iy —XgJpQy My U, £y
Xg =X Xo (g —ho) /1y =X, 1,Q5 /1y +U; /1y, (19)
o =X Xg (b =l ) /1, +U, /15,

S dung phuong phap tuyén tinh hoa phan héi, cac
bién dau vao diéu khién U,,U,,U, sé dugc bién déi thanh

cac bién dau vao diéu khién mai U,,U,,0, .
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L~J2 =Y, _szg(lvv _Izz)/lxx _XSJPQZ /Ixx

rz =U, Ay =Ny, =U, = A,

hay qU,=U,—A,, —A,;=U,—A, (20)
U, =U, =N, =\, =U, =],

Khi d6 phuong trinh (20) dugc viét lai nhu sau:
U,=0, +1,

U, =U, +A, 1)
U,=U, +A

Nhu vay, véi bién dau vao diéu khién msi U,,0,,0, .
Dé c6 dugc mét hé tuyén tinh can phai théa man diéu
kién sau:

Bzx7 :szg(lvv _Izz)/lxx _JPXst /Ixx +>\2 /Ixx
BsXg = XX, (I, =l ) /1y +1x,Q5 /1, +1bA, /1, (22)
BaXe =X, Xg (e —lyy) /1, +dA, /15,

Trong do: B,,B,,B, la cac hang s6 chua biét can xac
dinh. Ta rat A,,A; A, trong phuong trinh (22), s dung
phuong trinh (21) va thay vao phuong trinh (19), sau khi bién
d6i ta thu duoc:

X, =B,X, +Uz Iy
%5 =B,x, +1b0, /1,

X, =B,%, +dU, /1,

(23)

Dé xac dinh cac hé s6 B,,B,.B,, ta st dung ham
Lyapunov. Lua chon ham Lyapunov cé dang [4], nhu sau:
V=0,5(x; +X; +x;) (24)

Lay dao ham V ta thu dugc:

V = (X, X, +XgXg +XoXg) = B,X2 +B,X2 +B,X]

V<0 néu B,,B,,B, <0, khi d6 hé théng tuyén tinh
hoa phan héi 6n dinh tiém can.

Tu phuong trinh (23), ta c6 ¢ =x,. Do do, ta c6 dugc
ham truyén dat kénh diéu khién goc ¢ khi c6 tinh dén co
cau phan héi la:

W, =x, /0, =W, , / T,,s(T,s+1) (25)
Trong do: T, =—1/B,; T,; =B,

S dung tiéu chuan téi uu modul [3], ta téng hop duoc
bo diéu khién géc ¢ <6 dang Pl:
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Wi =0,5B2W,, Lo —0,5B3W, Ly /s (26)

Bang cach téng hagp tuong tu, ta cé dugc ham truyén
diéu khién cac géc 6 va P nhu phuong trinh (27), (28).

Weo = O'SB§the|YY _O’SngphelYY /s (27)

Wiioy = O,5[3§thq}|ZZ - 0,5[3‘31th¢|ZZ /s (28)

b) Téng hap Bo diéu khién téc dé ca quadrotor C2

Véi gia thiét, vong diéu khién va én dinh cac géc Euler
bén trong la 4 nhanh so vé&i vong diéu khién téc do dai
quadrotor bén ngoai [6]. Khi dy, gia tri mong muén cla
cac goc roll, pitch va yaw x,,,X.4,X,, Xac lap va gui tGi hé
con S,. Hé phuong trinh déng luc hoc clia quadrotor theo
3toadd X, Y, Z céd dang nhu sau:

X; = (SiNX,4 SiNXgy +COSX,4 SINX,y COSXgy U, /M
X, =(COSX,4 SiNXsy SiNX4y —SiNX, 4 COSXe )U, /M (29)
X; =—g+(COSX,4€05Xsy)U, /M

G day, cdc goc X,4, X4, X.,va U; 1a cac bién diéu
khién. VGi gia thiét tén tai ba bién dau vao mai U,,U,,U,
doc lap, khi dé phuong trinh (29) dugc viét dudi dang sau:

X, =Y, (Xgqr Xsq: Xgq,Up) = LAJ1

X, =V, (X, Xeq, Xeq,U,) =0, (30)

X3 =Y5(XyqsXsq,U;) = 03

Véi cac bién dau vao mai U,,U,,U, thi viec diéu khién
sé don gian hon rat nhiéu, c6 thé lya chon bo diéu khién
dudi dang ty lé.

U, =n,(x,,—x)=X,=X); U, =n,(x,y—x,)=(Y,-Y);

U, =n,(x,y —%;)=(Z, - 2)

Trong d6, n,,n,,n, la tham s6 bo diéu khién va dugc
chon sao cho vong trong nhanh hon vong ngoai. TU cac
bién dau vao U,,U,,0,, viéc xac dinh cac bién dau vao
thuc Xaq, Xsava U, dugc thuc hién bang cach gidi phuong
trinh (29) véi x,, =y, =0.

U, = cosx,, sinx, U, /m
U, =sinx, U, /m 31
03 =—g+C0SX,,C0sX,,U, /m
Ta thu dugc cac nghiém nhu sau:
U, =m((2 / (~0,my) + 02 (32)
X,q = =arcsin(U,m/V,); (33)
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~90° < ¢, <90° (34) Cac hang s6 cla bo diéu khién va én dinh cac goc
_ _ Euler B,,B,.B, dugc chon theo tiéu chuédn Lyapunov vdi
X5y =8, =arcsin(1/(U; +9/U,)" +1); cac gia tri B, =—65; B, =—80; B, =—95; ham truyén cla
—90° <6, <90° (35) o ciudo chon béng W, =1; Tham s6 ctia bo diéu khién
Xeg =Wy =0 (36) toc d6 dugc tinh toan va lua chon nhu sau:
¢) Téng hop BG diéu khién vi tri cia quadrotor C3 n,=14;n,=n,=0,6.Khi d6 b0 diéu khién t6c d6 dai clia
BO diéu khién vi tri C3 duoc t8ng hop theo phuong  quadrotor ¢6 dang U, =1,4(x,,—x,); U, =0,6(x,s —X,);
phap nhén dang [1]. Ham truyén b¢ diéu khién c6 dang (), =0,6(x,, —x,). Cac tham s& ctia bo diéu khién vi tri
ty 1é vi phan PD.
4. MO PHONG HE PIEU KHIEN QUADROTOR
Cac théng sé clia quadrotor dugc cho trong bang 1.

duogc tinh toan va lua chon véi cac gia tri K, =0,5;
K, =0,1.
* Két qua mo phong:

Bang 1. Thong s6 clia clia quadrotor va ctia bo diéu khién ! ) .
Truong hop 1: Khdo sat hé thong diéu khién

Théng s6 Kyhiéu | Giatri | Bonvi quadrotor trong trudng hop quadrotor cat canh theo
Hé s6 nang b 54,2.10° Ns? phuong thdng dung. Vi tri chuyén dong dai cula
Hé s kéo d 1,1.10° Ns? quadrotor theo phuang X, Y va Z dugc dat tai cac gia tri:
M6 men quén tinh J 0,089 Nms? Xa=0[m];Ya=0[m}; Zs = 37;([:)“]
Khoi lugng quadrotor m 1 kg
Momen quan tinh truc x Ixx 0,0081 Nms?
Momen quan tinh trucy lyy 0,0081 Nms? B
Mdmen quan tinh truc z Iz 0,0142 Nms? M
Gia toc trong trudng g 9.81 m/s? o
KC tlr tam quadrotor dén tam clia DC I 0.24 m H e e

Thdi gian (s)
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Hinh 7. Md hinh md phdng hé thdng diéu khién quadrotor
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Hinh 8. Vi tri va cac g6c Euler trong trudng hop quadrotor cat canh

théng ding

48 | Tap chiKhoa hoc va (6ng nghé Trugng Dai hoc (dng nghiép Ha Noi

Truéng hop 2: Khdo sat hé thédng diéu khién
quadrotor trong trudng hgp quadrotor thuc hién di
chuyén theo phuong X, Y (X4 = 3,5[m], Y4 =4 [m]), két hop

cat canh dén d6 cao Z¢ =15 [m].
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Goc psi (rad)

Thdi gian (s)

Hinh 9. Vi tri va cac gdc Euler trong truting hop quadrotor di chuyén
5. KET LUAN

Bai bao nay tap trung nghién clru xay dung va téng
hop bo diéu khién vi tri quadrotor véi mé hinh phi tuyén
bang phuong phap tuyén tinh héa phan héi. D€ chiing
minh tinh ding dan ctia phuong phap tiép can, tac gia da
mé phéng hé diéu khién vi tri cGla quadrotor bang cong
cu Matlab - Simulink véi hai trudng hgp: Trudng hgp 1,
quadrotor thuc hién cat canh thang ding va trudng hagp
2, quadrotor di chuyén két hgp cat canh. Két qua thu dugc
cho thay quadrotor da di chuyén dén dung cac vi tri dat
mong muén, cac goéc Euler déi rat it, diéu do ching td
quadrotor khéng bi dung lac trong qua trinh cat canh va
di chuyén. Piéu nay ching té bo diéu khién téng hop
dugc da dap ung tét vai cac dau vao mong mudn.
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