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THIET KE PIEU KHIEN
THIET BI BAY KHONG NGUOI LAI
4 CANH QUAT (QUADCOPTER)
PHUN THUOC BAO VE THUC VAT

® HOANG PUC QUYNH

TOM TAT:

Bai bdo nay trinh bay k&t qua nghién ctu thi€t k& diéu khién may bay khong ngudi 14i 4
canh quat (Quadcopter) tng dung trong phun thudc bdo vé thyc vat. Md hinh tuyén tinh héa
clia hé quadcopter dudc xay dung dua trén két cdu co khi, dong Iuc hoc, khi dong hoc. Cau triic
diéu khién hé Quadcopter dugc xay dung trén 4 thainh phan gom: diéu khién vi trf, diéu khién
d6 nghiéng, bd phan phdi diéu khién va diéu khi€n dong cd. Cdc két quiz md phdng kiém
chitng biing Matlab-Simulink d€ ki€m chitng mo hinh todn va hé diéu khién da thiét ké.

T khéa: diéu khi€n, Quadcopter, may bay phun thudc bao vé thuc vat.

1. Dat vin dé

Theo cic nghién ctu trén th& gidi (2, 3, 4), cac
thi€t bi bay diéu khién tir xa da dudc st dung dé
phuc vu nhu ciu quin 1y, gidm sét trong nhiéu linh
vuc kinh t€ - xa hoi. Trong ndng nghiép, thi€t bi bay
khdng ngudi 14i cling dd dudc mot s& nudc dng
dung nhiim ph4t huy 1di th€ trong viéc ghi hinh, thu
thap miu dit, nudc... tir d6 cung cap cdc thong tin
chinh xdc giip cho viéc quin Iy mua mang, siu
bénh 13n bdo quin sin phim sau thu hoach hiéu
qud, gidm gid thanh diu vao. Viéc st dung thiét bi
bay diéu khién tir xa c¢6 thé gidm thi€u lugng thudc
trir siu va phan bén, gép phan phét trién nén noéng
nghiép than thién véi moi trudng. Chinh bdi vay,
trong thdi gian gin diy, di c6 kh4 nhiéu cong trinh
nghién cttu clia c4c tac gid trén th€ giGi nhim thiét
k& va 1am chd dudc cong nghé ché tao cling nhu
diéu khién thi€t bi bay diéu khién tir xa (hay thi&t bi
bay khong ngudi lai).

2. M6 hinh toan hé quadcopter
Mb hinh vat ly hé QuadCopter dudc gidi thiéu
trén Hinh 1:

Hinh 1: Mé hinh vt ly hé QuadCopter

Nguén: Tdc gid téng hop

Céc phuong trinh dong hoc, dong luc hoc mo ta
chuyén dong ctia may bay (1):
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Cdic mo hinh tuyén tinh héa:
Cac phuong trinh chuyén dong tinh ti€n trong
(1) dugc viét lai dang tudng minh nhu sau:
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Khi hoat dong binh thudng & trang thai cin
biing, cic géc pitch va roll cia may bay c6 thé coi
12 nhd, hon nita luc ddy tdng clia canh quat xap xi
trong lugng cia may bay. Do vy, ta cé:

sin O =~ 6; cos O ~ 1; sin ¢ ~ ¢; cos ¢ ~ 1; fr~mg
Vi cac xAp xi ndy, hé (2) trg thanh:

Pi - _g(cw O+ Sy ¢)
P = —g(sw b-c, .¢)
A
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Hai phuong trinh theo phuong x, y ctia (3) ¢ thé
vi€t lai nhu sau:
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Vi€t lai phuong trinh theo phuong z cta (3)
nhu sau:
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mo hinh tuy&n tinh cho dd nghiéng clia may bay:
6-a
Ibﬂ;)b — frb (6)

v6i diu vao 1a vector moment, f’T’ dau ra la
vector goc ©.
M6 phéng hé mdy bay QuadCopter:

Hinh 2: S0 dé mé phdng mé hinh géc quay
QuadCopter

Produa of
ElementsT

Nguén: Tdc gid tong hop

Hinh 3: S0 d6 mé phdng mé hinh vi tri
QuadCopter

ccccc

......

Nguon: Tdc gid téng hop
Thiét k& diéu khién
Phan nay chl y&u tip trung vio bai toin diéu
khién diém - diém. B6 diéu khién c6 nhiém vu tinh
toan do nghiéng va lyc diy mong mudn @h & JTa
sao cho triét tiéu dudc sailéch vi tri: € p , =p;, 4- Py,
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Hinh 4: Céu tric hé diéu khién Quadcopter
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Nguon: Tdc gid téng hop

Hé diéu khién vi trf cho kénh ngang va kénh do
cao stt dung bd diéu khién PID truyén théng dua
trén md hinh tuyén tinh (4) va (5).

Diéu khién vi tri kénh ngang

Dya trén md hinh vi tri theo phuong ngang
(4), géc nghiéng mong mudn 6, ; dugc tinh todn
sao cho:

lim ” €p " =0 (7

—0

voi: ep, =§h,g - Pa .
St dung bo diéu khién vi tri kénh ngang c6 dang:
A—l
6, =~ (f)M S -
g
K&t hdp (8) v6i mo hinh vi tri, vdi gi thiét
0, (1)=0,,@)

-K,,,€,) ®

ta co:

[_)h,d = ﬁh,d - Kp,hD‘Ep,h - Kp,hp‘ép,h )
Hay:

E}Lh +Kp,hD'Ep,h ¥ Kp,hP -Ep,h =0 (10)

Trong d6: K p,hD; Kp,hP 1a nhitng ma trin
ddi xing xdc dinh duong cidc hé sd diéu khién.
K&t hdp v6i (10) ta thay sai léch vi tr dugc triét tiéu
khi t — 0.

Diéu khién vi tri kénh do cao

Luc ddy mong mudn 1a diu ra ctia bo diéu khién
do cao, dugc chon theo phuong trinh:

f;,d =mg_m'(ﬁz,d —kpzDe'ﬂ —kpzpepz) (11)

K&t hgp (11), (5) va gia thiéfthd(t) = f4(t) ta co
phuong trinh vi phan mo ta sai léch:

}ljz = lijz,d - kpzD 'épz _ksz 'epz

€ +k € +k e =0
pz pzD  pr pzP  pr

(12)

Trong d6: Kz, kyzp 12 céc hing s6 duong, ta
thay sai léch do cao dudc triét tiéu khi r — oo.

Hé diéu khién d6 nghiéng dudgc thiét k& vdi cau
tric 2 mach vong: bén ngoai 12 mach vong diéu
khién vi tri géc, bén trong 12 mach vong diéu khién
toc dd goc. Trong d6 vong ngoai st dung bd didu
khién ty 1& P, bén trong diing bo ty 1 - tich phan PL

Tdc dd géc mong mudn dudc tinh todn béi:

o, =-K_.e (13)
Trong do sai léch goc cho boi:
E@ =0 = ® (14)

Viét lai dong hoc mach vong toc do:
b =b _ —b
e’ =7, (15)

Gia st 75.(t) = 72, (t), moment dit dudc tinh todn
str dung bo PI:

T0=-K, e -K,_ [ed (16)

Trong d6: K p; K, 12 ma trn céc hé so ty 1€ P
va hé s tich phan L.

Diéu khién dong co

Phuong trinh md tid chuyén dong quay clia
dong co:

ko — Kf +K1Ke @) CQ Q2+ K! V-
d \I ~RI 7% I F RI®
k=1.4 (17)

M5 hinh ddng co (17) c¢6 thé xap xi thanh dang
tuy&n tinh v6i ham truyén:

" Ts +1Vk, k=1.4 (18)

Tir md hinh ham truyén nay, mot bo diéu khién
vong kin c6 thé dudc thiét k& sao cho triét tiéu sai
lech diéu khién: AQ, = O, -,

Tuy vay trong phan 16n cic bd diéu khién bay,
hé toc do 1a hé hd. Viéc khdng st dung bo dicu
khién tdc 6 1am cho ciu tric diéu khién don gidn,
tin cdy hon, gidm tai cho by x& Iy ma khéng anh
huéng nhiéu t6i chat lugng chung clia hé thong.
bién 4p dua t6i cadc dong cd dugc tinh todn tir mo
hinh (18):

V, =L . Quik=1,..4

m R -

Mo phong hé diéu khien

Tir cac bd diéu khién thiét k& dudc, cling v6i mo
hinh m4y bay, ta ¢6 sd @ mo phéng hé diéu khién
cho mdy bay nhu sau.
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Hinh 5: Sd d6 mé phdng hé Quadcopter
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Nguén: Tdc gid tong hop
Bdng 1. Cdc théng s6 b diéu khién géc 3. K&t qua mé phéng

Ke Kop Kot
Kénh Roll 2 0,8
Kénh Pitch 2 2 0,8
Kénh Yaw 3 3 2,5

Nguén: Tdc gid tong hop

Bdng 2. Cac thong s6 bd diéu khién vi tri

Kp Kvp Ky Kio
Phuong X 05 1 0,05 0,2
Phuong Y 05 1 0,05 0,2
Phuong Z 4 4 2 4

Nguén: Tdc gid téng hop

Hinh 6: Két qud mé phdng mach vong téc dé géc

Ta c6 két qud md phdng cho hé
may bay nhu'sau: (Bang 6,7, 8,9, 10)

Nhan xét: cdc k€t qua md phdng
cho thidy hé diéu khién da diéu
khié€n dudgc QuadCopter theo cédc
thong s6: tdc do gbc, géc nghiéng,
van toc, vi tri.

4. Két luan

Tac gid da thi€t k€ ch€ tao va
diéu khién may bay khong ngudi 1ai
4 canh quat (Quadcopter) Gng dung
trong phun thudc bdo vé thuc vat. Mo
hinh tuyén tinh héa cia hé
quadcopter dugc xay dung dua trén
k&t cau cd khi, dong luc hoc, khi
dong hoc. Cau tric diéu khién hé
Quadcopter dudgc xiy dung trén 4
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Hinh 7: Két qud mé phdng mach vong géc nghiéng
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Hinh 9: Két qud mé phdng mach vong vi tri
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Hinh 10: M6 phdng vi tri cGia mdy bay trong mdt phdng ngang

X-Y Plane Tracking
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Nguon: Tdc gid tong hop

thanh phin gom: diéu khién vi tri,
diéu khién dd nghiéng, bd phan
phoi diéu khi€n va diéu khién
dong co. Cac két qud md phdéng
kifm ching bing Matlab-
Simulink di cho thdy bo diéu
khién thi€t k& da diéu khi€n (5t
céc thong sd: td¢ dd, goc nghiéng,
vi i vd vAn toc bay cla
Quadcopter. Pinh huéng nghién
cliu ti€p theo, tdc gid s& nghién
ctfu ch€ tao va thi cong lip dit mot
mo hinh thuc ciia Quadcopter da
dugc thi€t k& va thi cong ldp dit dé
ki€m ching cdc két qua nghién
cifu va ng dung trong thyc t& m
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Thong tin tdc gia:
HOANG PUC QUYNH
Trudng Cao ding Cong nghé va Kinh t&€ Cong nghiép

DESIGNING, MANUFACTURING AND CONTROLLING
AGRICULTURE QUADCOPTER DRONE
FOR SPRAYING PESTICIDES

® HOANG DUC QUYNH
Industrial Economic Technology College

ABSTRACT:

This paper presents the design, manufacture and control of four-propeller drones
(Quadcopter) for spraying pesticides. The linear model of quadcopter system is built based on
mechanical structure, dynamics, and aerodynamics. The Quadcopter system control is built on 4
components including position control, tilt control, distribution control and motor control. The
simulation results are verified by Matlab-Simulink to verify the designed mathematical model
and control system.

Keywords: control, Quadcopter, pesticide drone.
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