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TONG HQP HE THONG PIEU KHIEN CHO QUADROTOR

Phiing Dinh Kién®
Email: kiensuong9614@gmail.com

Ngay toa soan nhan dugc bai bao: 07/05/2024
Ngay phan bién danh gia: 14/11/2024
Ngay bai bao dugc duyét dang: 28/11/2024

DOLI: 10.59266/houjs.2024.485

Tém tit: Quadrotor diege trng dung nhiéu trong gidm sat nii liva, chdy rimg, kiém tra
duwong ddy dién, tim kiém nguweoi that lac, cieu ho thién tai,.... Quadrotor dwge trang bi bon
dong co voi 4 canh quat voi muc dich diéu khién va én dinh chuyén dong cua quadrotor, diéu
nay lam cho mé hinh dong luc hoc cua quadrotor phurc tap va co sy phi tuyén manh. Bai bdo
tap trung phdt trién mé hinh todn quadrotor, thiét ké b diéu khién PID va LOR, tién hanh mé
hinh héa va mé phong cdc b diéu khién trén Matlab/Simulink. Cdc két qua mé phéng dwoc
dwa ra dé chirng minh tinh hiéu qua ciua cac bo diéu khién.

Tir khéa: Tong hop hé thong diéu khién, Quadrotor, UAV, LOR, PID.

I. Dit van dé

Hién nay, trén thé gidi, thiét bi bay
khong nguoi 14i (hay con goi la - UAV) ngay
cang phat trién va duoc tng dung rong rii
trong ca linh vuc quan sy va dan su. Trong
do, loai Quadrotor dang duoc sir dung phd
thong hon nho vao cau trac don gian, tinh
ddi xtg, dé dang thiét ké, diéu khién va c6
thé hoat dong linh hoat trong khu virc nho.
Tuy nhién, viéc xdy dung mot hé thong
UAV hoan chinh khong don gian va ton tai
rat nhiéu rii ro nhu sai sd vé thiét ké cac chi
tiét phan ctmg, thuat toan hoat dong khong
6n dinh, trong qua trinh hoat dong c6 thé giy
ra nhiing tai nan ngoai y mudn v.v. Viéc thiét
ké mot bo diéu khién cho thiét bi la mot van
dé quan trong hang dau.

Trong thuc té ¢6 rat nhiéu nghién ctu
vé& bd didu khién cho quadrotor cia nhiéu tac
gia dua ra. Trong bai bao nay tac gia di sau
tong hop 2 bo didu khién 1a: b diéu khién

* Khoa V6 tuyén dién tr, Truong Si quan Khong quan

PID va bd diéu khién tdi uu toan phuong
tuyén tinh LQR. Két qua diroc md phong
trén phan mém Matlab/Simulink v6i céc
thong s ctia quadrotor bét ky, qua do rat ra
wu nhuoc diém cua ting bo diéu khién.

IL. Co sé 1y thuyét

2.1. Bién déi mé hinh todn cia
quadrotor
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Hinh 1. Hé toa do déi véi Quadrotor
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Mb hinh toan ctia quadrotor dang phi tuyén:[2][6]

F = Y.q.Jyy_ oz | Ty
JXX JXX
q= Y.F.JZZJ’ Tax JTY
yy yy
vy = Lz
L (1)

x = (cosF sinq.cosY + sinF sinY )r:l—(- FL)

y = (cosF singsinY - sinF.cosY)l—.(— FL)
m

z= g+ cosF.cosq.rL—.(- FL)

Nhiém vu ctia bo diéu khién 1a diéu X, = X,
chinh toa do vi tri (x,,y,,2,) va trang Joo -] U 3
thai (®,,0,,%,)ban diu cia quadrotor Xy=Yq 2=+ ] : ®)

vé toa do vi tri (X4,Y4-2y) va trang thai
(®,,0,,¥,) mong mudn. Nhu vay, viéc
on dinh quy dao cua quadrotor s€ dugc
thuc hién théng qua 6 kénh diéu khién do

XX

Dbi véi kénh diéu khién goc chic

ngoc 0, ta cling c6 hé phuong trinh dong
hoc twong tng:

XX

la: kénh x doc truc ox, kénh y doc truc oy, a=4q
kénh do cao z doc truc oz, kénh @, kénh J..-17 Ty (&)
0 va kénh \P. q= YF. ZZJ XX+J

Yy yy

Goi vecto trang théi ctia quadrotor
la X, Xchira 12 thanh phén dong hoc
cua quadrotor theo thit ty nhu sau:
X =X(D,d,6,6,¥,¥,2,2,x,X,y,Y)

Pé thyc hién diéu khién, ta phan
chia trang thai cua quadrotor theo tung
kénh diéu khién twong ing. Cin cit vao hé
phuong trinh (1) va vecto trang thai Xta
thanh 1ap cac phuong trinh dong hoc tuong
{mg voi timg kénh diéu khién nhu sau.

bat X, =0va X, =0,dodo X, =6
va X, =0. Dat T, U Tur d6 suy ra mo
hinh dang truyén ngnroc chat theo kénh 6 la:

X5 = Xy

X4= YF. 1z JXX+;J3 )
Yy Yy
Pbi véi kénh diéu khién goc chic
hudéng W, ta cling c6 hé phuong trinh dong
hoc tuong tng:

Déi vai kénh diéu khién goc nghiéng Y=Y
®, ta c6 hé phuong trinh dong hoc tuong T 6
! vo T (6)
ung nhu sau: J

7z

F=F Pit X,=¥va X,=¥, do do
Jv-1J T ) X, ‘I’vaX ‘PDatT UTu:do
. Yy 77
F=Yq ] + ] . suy ra mo hmh dang truyén nguoc chit
xx M _ theo kénh V:
- bat X, =® va X,=0, do do Xs= Xg
X, =0 va X,=0.bat T =U, Tu do U
suy ra mo hinh dang truyén nguoc chat X = —4 (7)
theo kénh @ la: 22
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Dbi véi kénh z, ta c6 hé phuong
trinh dong hoc:
z=7z

z= g+ cosF .cosq.i.(— F) (®)

Pit X, =z va X, =2,dodé X, =z

va X, =7. Dit F, =U,. Tir d6 suy ra md

hinh dang truyén nguoc chit theo kénh z 1a:
X7 = X3

9
Xg = g+ cosF .cosq.i,(. U)) )
m

Déi véi kénh x, ta ¢ hé phuong trinh
dong hoc:

X=X

x = (cosF singcosY + sinF .sinY).i_(_ F) (10)

X11= X2

. . . 1 13
X = (cosF ysingysinY 4 - sinF 4.cosYy).—.(- Uy) (13)
m
J.,—1J J -1 J -] L
Dita =22 a,="2_"% 5 =X W,blziabzz_,m:L_
XX Jyy 7z JXX Jyy JZZ
U, =cos(X,)cos(X,). U, =cos(X,)sin(X;)cos(X;)+sin (X, )sin(X5)
U, = cos(X,)sin(X;)sin (Xy) - sin (X, )cos(X;)
Khi d6, phuong trinh trang thai phi tuyén c6 dang:
_ X, B}
[£,(X,U) | X Xga;+b,U,
f,(X,U) X,
f,(X,U) X, X2, +b,U;
f,(X,U) X
f.(X,U) X,X,a; +bU,
. f,(X,U) Xy
X =f(X,U) = .
ECU | g (o, (14)
f,(X,U) m
£,(X.U) X
LU | | u
m
fll(X9U) X12
_f12 (X7U)_ 1
uy(_)Ul
L m A

bat X,=x va X,,=x, do do
X, =7z va X,, = . Tir d6 suy ra mo hinh
dang truyén nguoc chat theo kénh x la:
Xy = Xig

. L 1 11
Xj = (cosF 4 sing.cosY 4 + sinF g sinY 4 ).—.(- Uy) (b
m

Trong do @,,0,,"Y, lacac goc Euler
mong muon.

Pbi véi kénh y, ta co hé phuong
trinh dong hoc:

y=y

y = (cosF singsinY- sinF .cosY),l,(. F) (12)
m

. Dét Xll:y va Xu:}", dO dé

X, =y va X, =y.Tudo suy ramo hinh
dang truyén nguoc chat theo kénh y la:
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Ap dung phuong phap tuyén tinh héa, theo [7], sau khi thyc hién tuyén tinh hoa, ta nhan
dugc mo hinh khong gian trang thai tuyén tinh nhu sau:

X1 Tro 10000000
X110 00000000
Xl looot100000
X 10 0000000O0O
X[ 10 00001000
X, |0 00000000
X,/ |0 000000T10
X,| [0 00000000
X, | |0 00000000
x| |0 g0000000
X 0 0000O0GOO0O
Ml ]l-2 00000000
_XIZ_
Y,] 1 00000000
Y, {00 1000000
Y, 1000010000
Y, 000000100

Nhu vay, bién d6i m6 hinh toan hoc
ctia quadrotor thanh cac hé truyén nguoc
chat theo sau kénh diéu khién (x,y.2,9, 0,%)
va tuyén tinh hoa, ta s& dwa vé mo hinh
khong gian trang thai. Day la co so trong
viéc tong hop bo diéu khién PID va LQR.

Ung v6i mdi loai Quadrotor khac
nhau s& c6 thong s hé théng khac nhau,
do d6 mo6 hinh khong gian trang thai cling
duoc xac dinh boi cac ma tran dac trung
riéng. Véi viéc lap trinh trén GUI cua

" 4 EhuzngTenh

O OO0 = O O O O o O o O

oS O O O

[ R = = = i R — =l = ]

(=Rl

SO = O O O O O O o o o O

oS o O O

x1 [0 000
[0 b0
x| |0 000
x| [0 0b o0
IR
Xlilo 0 0 of
% 1 Ys (15)
X | [ 0 0 ol
X000 0 0 o0
Xol 1o 0 0 o
Xillo 0 0 0
Xello 0 0 of
X

XZ

X3

X4

X, | o 0 0o o]y,
X |0 000U,
X, ["lo 0o 0 oy, (16)
X, | [0 00 ofu,
X9

XIU

Xll

_Xlz_

MatLab, dau vao la nhap céc thong sb hé
thong ctia Quadrotor gom: J_ (Moment
quan tinh theo truc x), J, (Moment quén
tinh theo truc y), J (Moment quan tinh
theo truc z), J. (Moment quéan tinh rotor),
M (khéi luong quadrotor), L (Khoang
cach tir trong tAm quadrotor dén truc dong
c0), b (luc ddy), d (luc kéo). Chuong trinh
s€ tu dong tinh toan va xac dinh phuong
trinh khong gian trang théi dac trung cho
mo hinh Quadrotor (hinh 2).

—

TONG HOP HE THONG BIEU KHIEN CHO QUADROTOR

NHAP THONG SO HE THONG

dx= EEITER (kgm*2)

y= EXEd (kom"2)
Jz= m (kg.m*2)
Jr= IR kam*2)
| 065 OO
= N
- m (M.s2)

CERN 7.5¢-07

M=

(Nm.s"2)

XAC DINH PHUONG TRINH KGTT

CHQN BO DIEU KHIEN THIET KE

Hinh 2. Giao dién GUI chwong trinh Tong hop hé thong diéu khién cho Quadrotor
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2.2. Xdy dung bé diéu khién PID
cho quadrotor

Trong phan nay, tac gia tong hop bd
diéu khién PID véi muc dich khao sat va
danh gia chat lugng diéu khién trong ché do
6n dinh quy dao cho quadrotor. Téng hop bd
diéu khién thuc hién theo kénh do cao.

Xét ché do 6n dinh d6 cao, trong do
tin hiéu ddu vao kénh z 1 z 4 €0 dang ham
bac thang don vi, con tin hi¢u dau vao
kénh x vay tuong ung la x, =0 vay, =
0 nham giam bdt hién tugng xen kénh do
cac kénh diéu khién anh huong 13n nhau.

Luat diéu khién cho kénh d6 cao c6

dang nhu sau:

Ih:Kp@d—@+KJ&d—@m+KddQ 2)

(17)

So d6 diéu khién theo kénh do cao
dugc mo ta trong hinh 3.

Za + PID > Quadrotor Zy

Céam bién

Hinh 3. So d6 diéu khién kénh do cao

2.3. Xdy dung b diéu khién toi
wu toan phwong tuyén tinh (LOR)
cho quadrotor

Ly thuyét diéu khien diéu khién
LQR la mét phuong phap diéu khién
manh dé diél{ khién h¢ thong tuyén tinh
dugc mo ta bang phuong tr‘inh trang thai.
Ky ‘Ehueflt LQR tao ra bg diéu khiér} vong
kin on dinh voi nang lugng cung cap cho
hé thong 1a nho nhat.

Hinh 4 1a md hinh d€ diéu khién vi tri
cua quadrotor theo kénh d¢ cao dugc xay
dung béng cach chon ma tran trang thai A
va B tir dang khong gian trang thai cia mo
hinh vi tri Z; va ma tran d0 loi K duoc tinh
ttr cac ma tran trong Iuong Q va R.

I/s

(-
]

4
K

Hinh 4. M6 hinh diéu khién vi tri ciia
quadrotor theo kénh do cao

Thong thuong, d6i voi h¢ thong su
dung bd diéu khién LQR s& ton tai sai s6
xac lap, do vay ta can thiét ké thém khau
bu, khau bu thuc chit 1a dua thém luong
diéu khién tich phan du ra dé dua sai sb
xéc 1ap vé khong. Khau bu N duge xéac
dinh bdi hé s Kbu.
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A
[
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. .
|
-
K
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K

Hinh 5. M6 hinh diéu khién vi tri ciia
quadrotor theo kénh do cao khi dwa them
khau bu
I11. Phwong phap nghién ciru

Qua trinh nghién ctru dugc tac gia tién
hanh theo phuong phap nghién ciru co s6 Iy
thuyet gan v6i md phong danh gia cac bo
diéu khién trén phan mém matlab/simulink.

3.1. Nghién ciru ly thuyét

- Nghién curu ly th}lyétv mo hinh toan
ctia quadrotor va cach bién doi dwa vé dang
mo hinh khong gian trang thai tuyén tinh.

- Nghién ctu vl}’/ thuyét cach xay
dung cac bo dieéu khién PID, LQR.

- U:ng dung 1y thuyét xdy dung bod
diéu khién PID va LQR cho quadrotor
theo kénh d6 cao.

3.2. Nghién ciru thwc nghiém

- I§iém chung két qua xay dung bo
diéu khi‘én PID va LQR cho quadrotor trén
phan mém matlab/simulink. Tt d6, rat ra



wu, nhuge diém cua tung bo diéu khién va
so sanh két qua cua 2 bd diéu khién khi
dicu khién quadrotor theo kénh do cao.

IV. Két qua md phéng, danh gia

Vi viée xdy dung cac b diéu khién
cho quadrotor trong muc 2.2 va 2.3 ciabai bao
nay, trong myc nay tac gia ticn hanh tinh toan
va mo phong, danh gia chat lugng cia cac b
diéu khién d6 trén phan mém matlab/simulink.

4.1. Tinh todn mé phong by diéu
khién PID

- Bai toan mé phong voi dau vao dat
1a ham béc thang don vi Z .

- Chon d qua diéu chinh nhé hon 10%,
thoi gian ting nhé hon 0,2 gidy, thoi gian qua
do nhd hon 0,4 gidy, sai s6 xac 1ap nho hon 2%.

Pé dap tmg céc chi tiéu thiét ké ddtra can
thay d6i bd hé so (Kp, Ki, Kd) cho phu hop.

Qud trinh khdo sat danh gia:

CHUONG TRINH THIET KE BO DIEU KHIEN PID

CHI TIEU THIET HE BAP UNG QUA DY THED KENH 89 CAD

1. 84 qua didu chinh: < m »
2. Thex glan qua 6g: -rm s
3. Thed glan tang: = mn

4, Sai 50 X 1P < n "

DREL CHINK HE 86
ann W= n K.:n“
HET QUA
1. 86 qué diéy chinh *
2. Thid glan qua oy EEED s

% Thod gisntang:  [AEH =
asaisduseisp:  [EE % | THIET KE

Hinh 6. Pap vmg qud do ciia b diéu khién
PID kénh do cao khi Kp =1, Ki =1, Kd =1

T
CHUONG TRINH THIET KE BO BIEU KHIEN PID
CHI TIEU THIET K& BAP UNG QUA BQ THED KENH B0 CAD
1. D% qué Eby chinh: (m“ﬁ
2. Thir gian qud 06: «'ms
3. Thid ghan tang e 0.2 £

4. Bai ud e lgp: -.-n.:;

BIEU CHINH HE BO

o-E - Kl -l

KET QUA
1.8 qud aidu chinn: (A
2. Thirl gian qué do: i
3Tt gaanang:  (REE &
4. 50l 5 wie p %

Hinh 7. Pdp vng quad do ciia bo diéu
khién PID kénh do cao khi Kp =40,
Ki=1,Kd =1
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Qua qua trinh khao sat, ta thay
rang: Kp cang 16n thi téc do dap tng cang
nhanh, sai s x4c lap cang nho. Kp cang
16n thi cac cuc ctia hé théng c6 xu hudng
di chuyén ra xa truc thuc. Hé thong cang
dao dong va do vot 16 cang cao.

CHUONG TRINH THIET KE BQ DIEU KHIEN PID

CHI TIEU THIET K& AP UWG Quk D9 THED KENH B0 CAD

1. ©4p sk dbu Shinh: = m

- T -
HET QuA

1, B qua aia chinh: T %
THIRT K

Hinh 8. Pdp trng qud dé ciia bé diéu
khién PID kénh do cao khi Kp =40, Ki
=1, Kd =20

Khi tang Kd, ta thdy rang: Kd cang
16m thi dap tmg qua do cang nhanh, d¢ vot
10 cang nho.

- " = 6
CHUONG TRINH THIET KE BO BIEU KHIEN PID
CHi TIEL THIET KE BAP UUNG QUA B THED KENH B0 CAD
1, 8¢ qua aiéu chinn: < [0 %
2. Thes gian qui 43 <[] =
3, Thir gian tang: < &

4. 8al s xc 1gp: < n

DIEU CHINH HE 88

Kp:u Ki= u kn:ﬂ

KETQUA
1. D9 qud diéw chinh: EET %
2 Thirigian qua do:  [FE s
3. Thixi gian téng: 5
A Sai sb whe 1gp: l0.079 8 THIET KE

Hinh 9. Dép tmg qud dp ciia bg diéu
khién PID kénh d cao khi Kp =40, Ki
=2, Kd =20

Khi ting Ki, ta thiy rang: Ki cang
16n thi dép ung qua do cang cham, sai sO
xac lap cang nhd. Ki cang 16n thi do vot 16
cang cao.

Nhan xét:

- Khau P, I, D khong thé st dung doc
13p ma phai dung két hop v6i nhau dé tang
tinh 6n dinh cta h¢ thong.

- Khau ty I¢ 1am gidm thoi gian tdng
Tr va sai sO ¢ trang thai xac 1ap.

- Khau tich phan khir duoc sai sb
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0 trang thai xac 1ap, nhung lam cho dang
dudng cong dap ung dau ra xau di.

- Khau vi phén ting tinh 6n dinh cta
hé théng, giam qua diéu chinh va cai tién
dang duong cong dap ung.

- Dé dat duoc tidu chuén thiét ké dé
ra, can lua chon (Kp, Ki, Kd) cho phu hop.
Bang thuc nghiém, Kp c6 gia tri khoang
(0,1 = 250), Ki co6 gia tri khoang (0,1 +
30), Kd co gia tri > 32.

100000 O
010000 0
001000 O
000100 0
000010 0
j0oo0oo0o0o01 o0
Q_OOOOOOHSQ
000000 O
000000 O
000000 O
000000 O
000000 0

Qua trinh khdo sat danh gia:

Bing thuc nghiém thay dbi cac hé
$6 HsQ, HsR va Kbu, ta nhan duogc cac
dac tinh qua do cua hé théng theo kénh
do cao.

CHUONG TRINH THIET KE BO DIEU KHIEN LQR
CHi TIEU THIET KE BAR TNG QUA PO THED KENH B9 CAD
1. B qui b cl
2. Thed glan qua
3 Thed gian ting:

4. 80l 56 xéc p:

EHEL CHinH HE 88
a- - Kl -
HET QUi
420788
s
jo.133 48

1.86 qui ditu chinh:
2. Thirl glan qué dé:
3. Tho glan tang:

[ THIET KE

4, 30l 56 xac hp:

Hinh 10. Pdp iing qud do cia b diéu
khién LOR kénh dg cao khi HsQ =107,
HsR =1, Kbu = 316,26

S O O O = O O O o o o <o

S O O ) O O O O O o o <

S O R, O O O O O o o o <

_4.2. Tinh todn mo phing bj diéu

khién LOR

- Chon dau vao la ham bac thang
donviZ,.

- Chon d6 qua diéu chinh nh6 hon 10%.

- Thoi gian tang nho hon 0,2 giay.

- Thoi gian qua d¢ nhé hon 0,4 giay.

- Sai 56 xac 1ap nho hon 2%.

Tin hiéu diéu khién kénh do cao Z 1a U,

nén ta chon ma tran Q va R ¢6 dang nhu sau:
0 0]

0 0

00

00

0 0 HsR 0 0 O
0 0[.g_| 0 10O
0 0 0O 01 0
0 0 0 0 01
0 0

00

1 0

0 1

CHUONG TRINH THIET KE BQ DIEU KHIEN LQR
CHI TIEU THIET KE DAP NG GUA DG THED KENH DG CAD

BIEU CHING HE 8O

P s 18 o [0 o0

KET QU
1. 06 qud didy chinh S
2 Thirl gian
3, Théri géan

4. Sai wh xéc Wp: THIET KE

Hinh 11. Pép g quad do ciia bo diéu
khién LOR kénh do cao khi R giam

CHU'ONG TRINH THIET KE BO DIEU KHIEN LQR

CHl TIEU THIET K8 DAR NG QUA BG THED KENH B €.

1. 89 qué didu chinh: < m L3

e cus ag: < (Y
<[

DU CHINM HE SO
o=EY-- Kl o - IR
KET QUk
1. B4 qua @bu ahinh:  TEER] %
y [T =

0.230 Y
%

| THIET KE

Hinh 12. Bdp iing qud do ciia b diéu
khién LOR kénh dg cao khi O giam



Nhdn xét:

Sau qué trinh khéo sat, rat ra mot so
nhan xét sau:

- Tuy theo do 16n tuong dbi gitra
trong s6 Q va R (cu thé 1a 2 hé s6 HsQ
va HsR) ma hé thong co dap tmg qua do
va tiéu t6n nang lugng khac nhau. Mudn
trang thai dap ung nhanh thi tdng thanh
phan Q, twong tng mudn giam ning luong
thi ting R.

- Can diéu chinh hai hoa cac hé sb
HsQ, HsR va Kbu dé dat duoc céac chi tiéu
thiét ké.

V. Két luén

Bai b4do nay tip trung nghién clu
co so ly thuyét v& moé hinh toan cua
quadrotor, tién hanh bién doi, tuyén tinh
hoa va dua vé mo hinh khong gian trang
thai. Nghién ciru sau d6 da tién hanh xay
dung bo diéu khién PID, LQR diéu khién
kénh d6 cao va tién hanh mo phong, danh
gid két qua cia cac bo diéu khién trén
phan mén Matlab/Simulink. Céac két qua
mo phong cho thay, bo diéu khién thong
thuong PID va bd diéu khién t6i vu LQR
diéu khién quadrotor déu dat duoc céc chi
tiéu chat lugng thiét ké, trong d6 bo diéu
khién LQR cho thay kha ning wu viét hon.
Noi dung bai bao ¢ thé 1am tai liéu tham
khao, dua trén cach tiép can nay dé xay
dung cac bo didu khién cho quadrotor v&i
cac kénh khac nhau. Pong thoi, bai bao
con 1a co sd quan trong cho viée thiét ké
ché tao bo diéu khién cho quadrotor dap
ung mot s6 nhiém vu co ban trong thuc té.
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SYNTHESIS OF CONTROL SYSTEM FOR QUADROTOR

Phung Dinh Kien’

Abstract: Quadrotor is widely used in monitoring volcanoes forest fires, checking
power lines, searching for lost people, disaster rescue, etc. The quadrotor is equipped with
four motors and four propellers to control and stabilize the quadrotor s motion, which makes
the kinematics model of the quadrotor complex strongly nonlinear. The article focuses on
developing a mathematical model of the quadrotor, designing PID and LOR controllers, and
modeling and simulation controllers on Matlab/Simulink. The simulation results are given to
demonstrate the effectiveness of the controllers.

Keywords: Synthesis of the control system, Quadrotor, UAV, LOR, PID.
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