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PIEU KHIEN LOGIC MO QUADROTOR

FUZZY LOGIC CONTROL OF QUADROTOR
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TOM TAT

Quadrotor dugc ting dung nhiéu trong giam st ndi I&ra, chdy rimg, kiém tra
dutng day dién, tim kiém nqudi that lac, cu hd thién tai,. . . Quadrotor dugc trang
bi bon ddng co véi 4 canh quat véi muc dich diéu khién va 6n dinh chuyén dong
clia quadrotor, diéu nay lam cho md hinh dong luc hoc ctia quadrotor phiic tap va
€6 su phi tuyén manh. D& ndng cao chdt lugng diéu khién quadrotor, trong bai bdo
nay, bo diéu khién thong minh da dugc thiét k& dé diéu khién trang thai hoat dong
clia quadrotor (UAV). Bai bdo trinh bay viéc md phdng chi tiét md hinh Quadrotor
véi b diéu khién logic ma duoc thiét ké dé diéu khién bon chuyén dong co ban
clia quadrotor: roll, pitch, yaw and su di chuyén cla quadrotor. Bd diéu khién dugc
m0 phdng bang phan mém Simulink va qua két md phong duoc dua ra dé ching
minh tinh hiéu qua cta bd diéu khién.

Tir khéa: Diéu khién, mé hinh déng hoc, diéu khién Logic mo, mé hinh
quadrotor.

ABSTRACT

Quadrotor is widely used in monitoring volcanoes, forest fires, checking
power lines, searching for lost people, disaster rescue, etc. Quadrotor is equipped
with four motors with 4 propellers to control and stable the quadrotor's motion,
that makes the kinematics model of the quadrotor to become complex and
strongly nonlinear. In this paper, to improve the quadrotor control quality, an
intelligent controller has been designed to control the operating state of the
quadrotor (UAV). This paper presents a simulation of the Quadrotor model with a
fuzzy logic controller designed to control the four fundamental motions of the
quadrotor: roll, pitch, yaw, and quadrotor movement. The controller is simulated
by using Simulink software and simulation results are givento prove the
effectiveness of the proposed controller.

Keywords: Control, dynamic model, Fuzzy control, model quadrotor.
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CHU VIET TAT

UAV  Unmanned Aerial Vehicle (Mdy bay khong

nguoai lai)
FLC  Fuzzy Logic Control (B6 diéu khién logic md)
DOF  Degree Of Freedom (Bac ty do)
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1.GIGI THIEU

Quadrotor UAV la thiét bi bay khéng ngudi ldi cé tric don
gian gobm bén déng co gan trong mét cau trac hinh chit thap
vGi 04 canh quat: Canh quat “trudc - sau” quay ngugc chiéu
kim dong ho; canh quat “phai - trai” quay cung chiéu kim
déng hé. Diéu nay la can thiét dé tao su lam viéc 6n dinh cho
quadrotor [2, 5, 10].

*Thay d6i doé cao (U:[N])

Diéu khién thay d6i dé cao clia quadrotor thuc hién bang
cach tang hodc giam téc d6 cla tat ca cac canh quat cung
mot lugng AA. Qua trinh nay dugc diéu khién bai dai lugng
Ui. Hinh 1 biéu dién sy diéu khién thay déi do cao cua
quadrotor.

Twe
Q H T _\.p‘

Hinh 1. Thay d6i d6 cao cila quadrotor

*Thay déi géc roll (U;[Nm])

Diéu khién thay déi goc roll ctia quadrotor dugc thuc
hién bang cach tang (hodc giam) téc d6 canh quat “trai”
déng thaoi gidm (hodc tang) téc dé canh quat “phai”. Téc do
canh quat "trudc" va "sau" gilr khéng déi. Qua trinh nay dugc
diéu khién bai dai lugng U,. Hinh 2 biéu dién su thay d6i clia
gocroll.

Hinh 2. Thay ddi géc roll
*Thay d6i géc pitch (Us[Nm])

Diéu khién thay déi goc pitch clia quadrotor dugc thuc
hién bang cach tang (hoadc gidam) t6c dé canh quat “sau”

Website: https://jst-haui.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

déng thaoi giam (hodc tang) téc dd canh quat “trudc”. Téc do
canh quat "trai" va "phai" giir khéng d6i. Qua trinh nay dugc
diéu khién bai dai lugng Us. Hinh 3 biéu dién su thay d6i goc
pitch.

Hinh 3. Thay dai goc pitch

*Thay d6i géc yaw (U,JNm])

Diéu khién thay dgi géc yaw clia quadrotor dugc thuc hién
bdng cach tang (hodc gidam) téc d6 cla cap canh quat “trai” va
“phai” déng thai giam (hoac tang) téc dé cta cap canh quat
trudc va sau, qua nay dudc diéu khién bdi dai lugng U,. Hinh
4 biéu dién sy thay déi goc yaw.

Trai

Quth,

San
Qy-Ag

Hinh 4. Thay d6i g6c yaw
2. MO HINH DPONG HOC CUA QUADROTOR

C4u truc ctia quadrotor véi cac hé toa do sir dung trong
viéc xay dung mo hinh déng luc hoc cia quadrotor nhu hinh
5[57,111

Hinh 5. M hinh cdu tric cla quadrotor

Trong d6, hé quy chiéu gan vai trai dat la hé toa do Oexeyeze
va hé quy chiéu gan vdéi quadrotor la toa dé Ogxsyszs, goc toa
do dugc chon trung véi trong tam clia quadrotor. Fi, M;, Qi la cac
luc, m6 men va t6c dé tuong Ung dugc tao ra tir cac canh quat

(5,71
Quadrotor UAV la mét may bay 6 DOF, do d6 c6 6 bién

(X,Y,Z, ¢,0va ) dugc st dung dé mé ta vi tri va huéng ctia

Website: https://jst-haui.vn

quadrotor trong khéng gian. ¢, 8 va  con dugc goi la géc

Euler. Cu thé:

e X va Y la bién biéu dién vj tri ctia Quadrotor trong
khéng gian;

e Z la bién biéu dién d6 cao clia quadrotor;

e ¢ la gocroll quay quanh truc xg;

e 0 la gbc pitch quay quanh truc ys;

o ) la géc yaw quay quanh truc zg;

Céac gbc nay dugc gidi han nhu sau:

—90° <$p<90°; -90°<0<90°; —180° <Pp<180° (1)

Trong bai bdo nay, st dung phuong phap Newton - Euler
dé xay dung mé hinh déng luc hoc cho quadrotor, véi cac
gia thiét:

e M6 hinh quadrotor la mét vat ran déng nhat va déi xing;

e Mo hinh toan xdy dung trén quadrotor hinh chi thap;

e Tam clia quadrotor chinh la tam cua trong luc;

e Bb qua dan héi, coi hé truyén dong la ciing tuyét doi.

- Phuong trinh chuyén déng tinh tién ctia quadrotor:

X = (cos¢sinB@cosy +sing@siny)U,

Y =(cosdsinysin® —cosPsing)u, (2)
Z=cos$cosU, —g

Phuong trinh chuyén déng quay cda quadrotor:

0=(F, —F )/l =IU, /1,

y=(F, —F)I/1,, =1U, /1, 3)
$=C(F, —F, +F,—F,)/1,, =CU, /1,

Trong d6: Ixx, vy va Izz 1a mé men quén tinh clia quadrotor
quanh truc X, truc Y va truc Z; m la téng khéi lugng cla
quadrotor; g la gia téc trong trudng; | 1a khoang cach ti khoi
tam clla quadrotor dén tdm ctia déng co (canh quat); Ché sé
ty 1& gitta luc va mé men; U, la téng luc ddy tac dong lén
khung quadrotor doc theo truc Z; U,, U; va Uy la céc hgp luc
tuong tng dugc tao ra ti bén canh quat, dé thay déi goc roll,
goc pitch va géc yaw.

U =(F+F+F+F)/m
F,—F)

F,-F)
F—F, +F -F,)

2

U, =(
U, =(
U, =(

4
F,.F,.F, F, la luc ddy duoc tao ra tir bén canh quat

o Chién lugc diéu khién cac chuyén déng clia quadrotor.

- Cac gobc Euler dugc diéu doc lap tir hé théng chuyén
déng tinh tién vai 3 bo diéu khién logic ma.

- Chuyén déng theo hudng X va Y sé dugc diéu khién
théng qua cac goc 8 va | véi hai bo diéu khién logic ma.

- Chuyén dong theo hudng Z sé dugc diéu khién bang
mot bé diéu khién logic ma.
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Uy — X
X
v i
v ¥
g — == Z
U, 8 [y z
{["3 => ¢ Céc chuy&n ddngtinh tién
U, g5
Céc gbéc Euler
Z
F, 1 Tl:ing hec déy
0 N .
> X
Yy

Hinh 6. Chién lugc diéu khién cic chuyén dong ctia quadrotor
3. XAY DUNG BO PIEU KHIEN LOGIC MO

Quadrotor la hé thong dong luc hoc phi tuyén vén khong
6n dinh va kho diéu khién. V&i cac thuat toan diéu khién
thong thudng st dung ly thuyét tuyén tinh chi phu hgp cho
hé théng da tuyén tinh hoa. Vi vay can phai c6 mot hé thong
diéu khién phu hgp. Trong bai bao nay da trinh bay viéc thiét
ké bo diéu khién logic md dé diéu khién su di chuyén va cac
goc Euler cia quadrotor (roll, yaw, pitch) [1, 4, 6].

Co 56 nhan
biét my Quadrotor
u(t) 0, @T 0 b0
Gidimy [T >
, Q

Quy thc diéu
Khién (Logic) ——

Quan sit

(cam bién)

Hinh 7. So d6 khdi cta bé diéu khién FLC iing dung cho quadrotor
Cac tham s6 cta quadrotor nhu trong bang 1.
Bang 1. Cac tham s6 md phong clia quadrotor [5]

Théng s6 Ky hiéu | Giatri |Donvi
Khoang cach tir khdi tdm clia quadrotor dén | 0.2 m
tam cla dong ca (canh quat)

M6 men quan tinh clia truc X Ixx 0,0145 | kg.m?
M6 men quan tinh clia truc Y Iy 0,0145 | kg.m?
M6 men quan tinh cla truc Z Iz 6,9.10° | kg.m?
Gia toc trong trudng g 9,81 m.s?
Khdi lugng quadrotor m 0,56 kg
Hé 56 ty 18 gifa lyc va md men C 13
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Dé quadrotor cat canh, can phai ddm bao diéu kién sau

[6, 81:

4F . cosBcosp >mg

Ta chon: Frax=10,5N

Gidi han cla tin hiéu diéu khién

0<U, <75

~724,13<U, <724,13

~724,13<U, <724,13

—3956,52 <U, <3956,52

Bo diéu khién FLC dugc xay dung nhu sau [9, 10]:
- Luat hop thanh MAX-MIN;

- Gidi m& theo phucong phép diém trong tam;
- Hai dau vao mét dau ra;

- 9 luat diéu khién;

- Ham lién thudc hinh tam giac.

Bang 2. Ludt mo

E
de P Z N
P P P A
/4 P z N
N Z N N

P - Positive: Duang; N - Negative: Am; Z - Zero: Khdng
* Bo diéu khién X va'Y

M Fd F

0.2 i ) 2

Hinh 8. Ham lién thudc cta sai so e

M z P

=

0.2 ] 02

Hinh 9. Ham lién thudc cta de/dt sai so

N z B
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theta, psi

Hinh 10. Ham lién thudc ddura 6, P
* Bo diéu khién 6, Y

M Fd P
i
15
a 2
-1 0.8 0.6 -0.4 0.2 0 02 04 06 08 1

Hinh 15. Ham lién thudc clia de/dt sai s6

N Z P

1
N Z P
1
05
05
0 5}
-B000 G000 4000 -2000 ] 2000 4000 G000 BOOD
Hinh 16. Ham lién thudc dau ra U,
0
-1 0.8 0.8 0.4 0.2 a 02 04 08 08 1 N i =]
Hinh 11. Ham lién thudc cda sai so e .
N Z P
1
05
05
0 n n n n Bt n n n n
-1 0.8 0.6 0.4 0.2 a 0z 04 06 08 1
I Hinh 17. Ham lién thudc cda sai s e
-1 0.8 0.6 0.4 0.2 a 0z 04 06 08 1
Hinh 12. Ham lién thudc cla de/dt sai s0 N z P
1
N Z P
1
05
05
a ; : L5 : :
7 3 2 1 0 1 2 3
500 -1000 500 0 50 1000 1500 Hinh 18. Ham lién thudc cta de/dt sai s
Hinh 13. Ham lién thudc dau ra Uy, Us = N J
* Bo diéu khién ¢,Z !
N z P
1
05
05
] =]
-100 B0 -0 =40 =20 ] 20 40 &0 80 100
; v Hinh 19. Ham lién thudc dau ra U,
4 48 06 04 02 0 02 04 08 08 1 Thuc hién mé phéng hé théng diéu khién quadrotor véi

Hinh 14. Ham lién thudc cta sai so e
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b6 diéu khién Logic md bang cdng cu Matlab-Simulink [3].
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- Cacgoc Euler ¢,6,y

Goc phi

x10°

L

Hinh 20. M6 hinh md phong hé théng diéu khién quadrotor véi bd diéu khién s w w . w w — w \
LOgiC mG 0 2 4 6 8 10 12 14 16 18 2

Thdi gian t(s)
GOc Theta

* Két qua mé phéng

Trong trudng hgp nay, dau vao mong muén la ham buéc
don vi va dau ra mong muén la ham buéc don vi. Két qua
mo6 phéng déi véi dau vao mong muén dugc hién thi trong
cac hinh 21 -23.

- Vi tri chuyén déng dai clia quadrotor theo X, Y va Z

Vitri X
1.2 T
1
. | 00 . . . . . ‘ . . .
0 2 4 & 8 10 12 14 1 18 2
06 e
Thai gian t(s)
04 ; .
@6c Psi
0.2 7 04 T T T T
# ~
o . . : - - - Y
0 2 4 6 8 10 12 14 16 18 20 03 _" \
ve s %
Thdi gian t(s) I \
i 02 ,
VitriY \
Al
1.2 T T T T T T [ [y
04 .
- LY
1 e T T T T T T e e e e e s e e ey S,
P 0 N e e eemsmmsmEss==———————
08 _,’
r
| ) _Dnl Il Il Il 1 1 1 Il Il Il
Lt . 0 2 4 6 8 0 12 14 16 1B N
[
04y Y 1 Thai gian t(s)
o2f 1 Hinh 22. Cac géc Euler
’
bt : ; : : : : : ; -Téc dd chuyén dong thdng clia quadrotor theo cac truc
0 2 4 6 8 10 12 14 16 18 20 ~
toado X,V,Z
Thai gian t(s) v an
9 ) Tdc do quadrotor theo truc X
Vl triZ 0.25
1.2 T T T T T T
.................................. oo
P T
08 & 0.156
0.6 ::". R 0.1
04 0.05
0.2+
-: o
0 o 1 1 I 1 I 1 1 I 1
0 2 4 (i} 8 10 12 14 16 18
0.05
o 2 4 6 8 10 12 14 16 18 20

Thdi gian t(s)

Hinh 21. Vi tri chuyén dong dai cia quadrotor That gian t(s)
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Toc dd quadrotor theo trucY

Thai gian t(s)
Toc do quadrotor theo truc Z

Thai gian t(s)
Hinh 23. Tc d6 chuyén dong théng ctia quadrotor theo cac truc toa do X, Y, Z

Nhén xét: TU két qua m6 phong cho thay quadrotor
chuyén déng bam theo dai lugng dat dau vao véi do qua
diéu chinh nho, thai gian quéa d6 trong khoang (6 - 8)s, cac
goc Euler (Phi, Theta, Psi) nhanh chéng xac lap vé gia tri
khong, diéu nay dam bao cho thay quadrotor khéng bi rung
l&c trong qua trinh di chuyén. K&t qua mé phéng toc d6 dai
cla quadrotor trén Hinh 23 cho thay dap ung dau ra tiém
can dén khong. Nhu vay qua trinh diéu khién da lam cho
quadrotor chuyén ddng ém. So sanh két qua vdi cac tai liéu
[7, 11] cho thdy, hé théng da diéu khién dugc cac chuyén
dong cla quadrotor dén vi tri va d6 cao mong muén , xong
cac goc Euler van bi dao dong, diéu d6 cho thay trong qua
trinh di chuyén quadrotor bi rung lac. Trong tai liéu [9], két
qua cho thay vi tri quadrotor bi diéu khién sai léch so vdi vi
tri mong muoén.
4.KET LUAN

Bai bdo nay tap trung nghién clu co sé ly thuyét vé hé
diéu khién Logic md trong hé truyén ddng phi tuyén véi cac
tham s6 bat dinh cia mé hinh dé tir d6 téng hgp cac bo diéu
khién quadrotor. Déng gép chinh cla bai bao nay la viéc
téng hop cac bd diéu khién goc Euler va cac chuyén dong
tinh tién ctia quadrotor riéng ré s&t dung phucng phap Logic
ma. VGi cach ti€p can nay dam bao rang trong qua trinh diéu
khién chuyén ddng quadrotor, cac goc Euler dugc diéu
khién dén gia tri bang khoéng.

DPé chiing minh tinh ding dan cda phuong phap tiép
can, nhom tac gid da mé phoéng hé diéu khién quadrotor véi
b6 diéu khién Logic m& bang cong cu Matlab - Simulink.
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Céc két qué thu dugc cho thay, bd diéu khién Logic mg
téng hgp duoc da dap ung tét viéc diéu khién mé hinh
truyén déng phi tuyén quadrotor. Cac goc Euler (Roll, Pitch,
Yaw) va cac chuyén dong tinh ti€n clia quadrotor gan giéng
dau vao mong muén.

TAI LIEU THAM KHAO

[1]. Nguyen Nhu Hien, Lai Khac Lai, 2007. He mo va noron trong ky thuat dieu
khien. Publishing House for Science and Technology, Hanoi, Vietnam.

[2]. Pham Quoc Phuong, 2012. Nghien cuu ung dung mo hinh quadrotor trong
giam sat va cuu ho. Master Thesis, Hochiminh City University of Technology,
Vietnam.

[3]. Nguyen Phung Quang, 2006. Matlab & Simulink danh cho ky su dieu khien
tu dong. Science and Technics Publishing House, Hanoi, Vietnam.

[4]. Kadmiry B, Driankov D., 2001. Fuzzy control of an autonomous helicopter.
IFSA World Congress, vol. 5, Canada, pp. 2797-2802.

[51. Bresciani T., 2008. Modelling, Identification and Control of a Quadrotor
Helicopter. Department of Automatic Control Lund University.

[6]. Chao Huang, 2020, Design of Decouling Fuzzy Logic Controller for
Quadrotor. Journal of Physics: Conference Series 1684 (2020).

[7]. Matilde Santos, Victoria Lopez, Franciso Morata Telefénica Madrid, 2010.
Intelligent Fuzzy Controller of a Quadrrotor. 978-1-4244-6793-8/10/526.00 ©2010
IEEE.

[8]. Mohammad Bagher Menhaj, Roland Sieqwart FardinFakurian, 2014.
Fuzzy Controller Design for Quadrotor UAVs Using Minimal Control Input. Tehran.

[9]. Muhammad Awais Sattar, Abdulla Ismail, 2017. Modeling and Fuzzy Logic
Control of a Quadrotor UAV. International Research Journal of Engineering and
Technology (IRJET).

[10]. Syed Ali Raza, Wail Gueaieb, 2009. Fuzzy Logic based Quadrotor flight
Controller. In Proceedings of the 6th International Conference on Informatics in
Control, Automation and Robotics - Intelligent Control Systems and Optimization,
pages 105-112

[11]. Vijaykumar Sureshkumar and Kelly Cohen, 2014. Autonomous Control of
a Quadrotor UAV using Fuzzy Logic. Journal of Unmanned System Technology.

AUTHORS INFORMATION
Hoang Van Huy, Nguyen Dang Toan, Nguyen Van Lanh
Faculty of Electrical Engineering, Hanoi University of Industry, Vietnam

Vol. 59 - No. 4 (Aug 2023) e Journal of SCIENCE & TECHNOLOGY | 21



