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TOM TAT

Nghién ctru trinh bay phwong phap dinh tuyén bay cho may bay khéng ngudi lai (UAV) phun thubc bao vé thuc
vat trong néng nghiép dam bao cac yéu ciu vé dd pha kin, gidam dé phun chéng, khéng bé sét, ciing khéng phun qua
dién tich khu vire can phun. Buéng bay duoc xac dinh dwa trén cac vi tuyén/kinh tuyén trong ludi dia ly, cé thé ap dung
& moi vi tri trén trai dt. Thuat toan dwoc kiém nghiém qua moé phdng trén phadn mém Matlab/Simulink két hop véi
QGroundControl. K&t qua md phéng cho thay, cac tuyén bay chinh dwoc dinh tuyén song song véi khodng cach nhé
hon 2,73% so v&i d6 rong phun ctia UAV. Viéc gidm dwong bién khu viee can phun thube trude khi dinh tuyén gitp han
ché thubc bao vé thwe vat bi phun ra ngoai khu vue, tir d6 tranh lang phi thudc va han ché 6 nhiém méi trudng.

T khéa: Quy dao bay, dinh tuyén, UAV néng nghiép.
Establishing Flight Trajectory for UAV Spraying in Agriculture

ABSTRACT

This paper presented route planning method for agricultural spraying UAV that ensures the requirements of full
coverage, low overlap, no leaving-out, and no spraying outside the working area. The routes were determined based
on latitudes/longitudes in the geographical grid, which can be applied to any location on earth. The algorithm was
validated by simulation on Matlab/Simulink combined with QGroundControl software. Simulation results show that the
main lines were routed parallelly with a distance 2.73% smaller than the spraying width of the UAV. A margin
reduction of the working area before route planning helped limit pesticides being sprayed outside the operational
area, avoiding pesticide waste and environmental pollution.

Keywords: Flight trajectory, route planning, agricultural UAV.

Trong linh vic bao vé thuc vat, st dung UAV
dé phun thuéc bao vé thuc vat dang tré nén ngay

1. DAT VAN DE

Dan s6 thé giéi du kién sé dat dén 9,6 ty
ngudi vao nam 2050, dan dén nhu cAu vé luong
thuc s& ting thém khoang 50% (Ehrlich & cs.,
2015; Srivastava & cs., 2020). Theo T§ chic
Luong thuc va Nong nghiép Lién hgp quéoc (FAO),
nam 2020, thé& giéi c6 khoang 815 triéu nguoi
thiéu luong thuc, trong d6 c6 64% la nguoi dan &
chau A (FAO, 2020). Trong béi canh nay, viéc ap
dung cac cong nghé tién tién, trong d6 c6 ting
dung may bay khéng ngudi 1ai (UAV - Unmanned
Aerial Vehicle) trong nong nghiép nham nang cao
néng suat, chat lugng néng san 1a xu thé tat yéu
va da dat dugc két qua nhat dinh.

cang phé bién nhd nhiing vu diém ndi bat: nhod
gon, tinh linh hoat cao, d& di chuyén, hiéu suét
lam viéc 16n, tiét kiém chi phi cong lao dong va
bao vé stic khoe cho nong dan (Tian & cs., 2020;
Yu & cs., 2023). Nghién ctiu phat trién cong nghé
UAV, trong do6 c6 bai toan xay dung quy dao bay
cho UAV phun thuéc tri sau phu hdp véi dia
hinh thuc t& 1a cin thiét va mang ¥ nghia 16n.
Viéc dinh tuyén bay cho UAV phun thuéc phu
hop s& ddm bao bao phu dién tich can phun,
tranh phun thira, phun thiéu, tiét kiém thoi gian,
cong stc, vat tu, gidm thiéu tén du thude bao vé
thuc vat trén san pham nong nghiép.

649



Xay dwng quy dao bay cho UAV phun thudc trong néng nghiép

Nhiing nidm gan day, bai toan xay dung quy
dao bay cho UAV nhan dudc su quan tdm cua
rat nhiéu nha nghién ciiu. Tian & cs. (2020) da
phat trién thuat toan A* két hop thuat toan tim
luc h&p dan dé t6i wu héa dudng bay, ap dung
cho cac khu vuc phun ¢6 hinh dang phitc tap.
Két qua nghién ciiu cho thdy, thuat toan c6 thé
gitp lam gidm quing dudng chay khéng ciing
nhu giam d6 phun chéng ctia UAV so v6i mot s6
thuat toan trude d6. Trong nghién ctiu cua Li &
cs. (2023), dién tich khu vuc bay truéce tién duge
té1 uu, sau d6, quy dao bay dugc xay dung véi
géc huéng t61 vu va khoang cach bay phu hop
nhim gidm téng chiéu dai dudng bay, giam d6
phun pht bé sung, ti d6 tiét kiém nang lugng
va tranh lang phi thuéc bao vé thuc vat. Thuat
toan c6 thé ap dung véi cac vung dién tich c6
dang da giac 16i hodc da giac 16m. Yu & cs.
(2023) lai nghién cttu phuong phap xay dung quy
dao bay 3D st dung cho UAV lam viéc véi dia
hinh d4t déc, trén co sé phat trién cac thuat toan
x4y dung quy dao bay 2D da cé truée d6. Mot
thuat toan khac duge Xu & cs. (2015) xay dung
nhim t6i uu héa niang lugng tiéu thu caa UAV,
bing cach quay lai tram nap thudng xuyén trong
qua trinh lam viéc.

La mot quéc gia c6 thé manh vé néng
nghiép, nhung thuc trang noéng nghiép Viét
Nam nhiéu noi con lac hau, viéc phun thudc bao
vé thuc vat hau nhu dugc thuc hién thua céng,
giy ton thoi gian, cong stic, dic biét 1a khong
hiéu qua (mat d6 phun khéng déu, lugng phun
khong duge kiém soat). Piéu nay giy lang phi
vat tu, anh hudng dén dat dai, cdy tréng va
nghiém trong hon 1a tén du thudc bao vé thuc
vat trong noéng san. Nhiing ndm gin day, UAV
phun thudc da dudc st dung & mot sd dia
phuong, hiéu suit lao dong va chat lugng néng
san da dugc cai thién, han ché& dudc viéc con
ngudi phai tiép xuc truc tiép véi thude bao vé
thuc vat, gay hai cho stic khée. Tai Thai Binh,
200ha lda vu xuan dudc phun thuéc bing UAV
duge danh gii la viua nhanh, via kip thoi dap
dich bénh, déng thdi gitip ngudi dan tiét kiém
khoang 55 triéu déng cho mét 1an phun thuéc
(Ngan Huyén, 2020). Tai Phd Yén, phun thuéc
bao vé thuc vat trén 150ha lda bang UAV giam
chi phi thué dich vu phun khoang 10%, ning

650

sudt du kién ting tu 7% dén 15% (Phu Yén,
2023). Tuy nhién, hau hét cac UAV néng nghiép
trén thi truong Viét Nam hién nay dugc nhap
khiu tit nudc ngoai, théng tin vé céng nghé st
dung trén cac thiét bi nhap khau nay hau nhu
khong c6, din dén ching ta dang phai phu thudc,
gAy ra nhiéu vin dé va tiém 4n nhiéu nguy cd vé
an ninh, kinh té. Hién nay, cic nghién ciu vé
UAV noéng nghiép trong nudc con rat it, doi hoi
ching ta can phai ddy manh ddu tu nghién ciu
dé s6m lam cha duge cong nghé nay.

Trén cd s6 nghién ciu cua Li & cs. (2023),
ching t6i phét trién thuat toan dé xay dung quy
dao bay cho mdét UAV phun thudc dam bao bao
quat toan bd khu vuc cdn phun, tranh phun
chong, phun qué, gay lang phi vat tu va tén du
thudc bao vé thuc vat. Thuat todn dude kiém
nghiém théng qua md phdéng bing cong cu
Matlab/Simulink két hgp véi
QGroundControl (QGC).

phan mém

2. PHUONG PHAP NGHIEN CUU

Tiép can va tim hiéu UAV néng nghiép DJI
AGRAS T40 cia Tap doan coéng nghé DJI,
Trung Quéc (DJI, 2023), dic biét 1a tinh ning tu
dong bay va phun thudc bao vé thuc vat, két hop
tham khdo céc tai liéu, nghién ctu vé UAV néng
nghiép va cic phuong phéap dinh tuyén quy dao
bay cta cac loai UAV dé xay dung quy dao bay
cho UAV phun thuéc bao vé thuc vat phu hop.
Thuat toan dugec kiém nghiém théng qua mé
phéng trén phan mém Matlab/Simulink ké&t hgp
v61 QGroundControl. Ngoai ra, cong cu lap ban
d6 web Mapbox's Geojson.io ciing dudc st dung
dé hd tr¢ quan sat quy dao bay mé phéng maot
cach tryc quan.

2.1. Pinh tuyén bay cho UAV phun thuéc
tri sau

P& dam bao d6 che phu thude khi phun don
gian va hiéu qua, UAV phun thudc st dung cac
duong bay song song (Hinh 1) (Tian & cs., 2020;
Li & cs., 2023). D4u tién, khu vuc phun dugc xac
dinh, bang cach néi cac diém tham chiu thuoc
dudng bao dién tich phun, diém tham chiéu
duge xac dinh bang cach chon vi tri trén ban do
hién thi trén bd diéu khién cAm tay. Véi dién
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tich phun dugc xac dinh, cac dudng bay song
song sé dudge xay dung sao cho khoang cach gitia
ching chinh 14 d rong phun d (Hinh 1). Thudc
duge phun khi UAV di chuyén trén dudng bay
chinh, con & cac dudng bay phu, UAV ngiling
phun thudc, tuy nhién van c6 mét phan thudc
bao vé thuc vat bi phun ra ngoai khu vuc can
phun (Hinh 1). Quy dao dinh tuyén c6 thé duge
diéu chinh (thay d6i géc huéng, khoang cach
tuyén dudng,...) nham tranh vat can va phu hgp
v6i dia hinh thuc té.

Dién tich khu vuc phun thudc con c6 thé tao
ra bing cach: ngudi diéu khién UAV mang theo
b6 diéu khién cAm tay va di chuyén xung quanh
dién tich cin phun, hé théng sé tu tao cac diém

Nguyén Thi Hién, Nguy&n Hoang Nam

tham chiéu trén dudng di. Phuong phap nay cé
do chinh x4c cao hon, nhung ciing tén thdi gian
va cong stc hon.

Két qua nghién ciiu cho thay cho thay UAV
néng nghiép noéi chung, hay DJI AGRAS noéi
riéng dinh tuyén bay cho viéc phun thuéc bao vé
thuc vat theo hai cach (DJI, 2023):

(i) Cac dudng bay chinh song song dudc sap
xé&p doc theo chiéu dai ctia khu vuc phun (Hinh
2a). Cach dinh tuyén nay don gian, giip UAV
han ché viéc thay d6i huéng bay, tit d6 tiét kiém
thoi gian va nhién liéu. Tuy nhién, cach dinh
tuyén nay chi phu hogp véi cac khu vuc phun
thudc c¢6 hinh dang don gian, it diém tham chiéu.

Mét phan thubc bi phun ra ngoai
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Hinh 1. Pinh tuyén bay ctia UAV phun thudc trit siu
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a) Dya theo chidu dai khu vuc phun

b) Dwa theo kinh tuyén

Hinh 2. Pinh tuyén quy dao bay ctia UAV DJI AGRAS (DJI, 2023)
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(ii) Cac duong bay chinh dugc sip xép theo
duong kinh tuyén (Hinh 2b) ho#c vi tuyén. Cach
nay phu hgp véi khu vuc ¢6 hinh dang phiic tap
b4t ky va khong qua phu thudc vao diém, duong
tham chiéu.

2.2. Phan mém QGroundControl

QGroundControl (QGC) 1a phin mém ma
ngudn md cung cip kha ning kiém soat chuyén
bay va lap k& hoach bay cho moi may bay khong
ngudi 1ai hé tr¢ MAVLink (MAVLink, 2023) va
Matlab/Simulink. Cac tinh ning chinh cia QGC
(Cambra & cs., 2015; QGC, 2023):

- Giao thtic ngudn mé

- Xay dung ban d6 2D/3D trén khéng véi
thao tac kéo va tha cac diém tham chiéu

- Thay ddi cac thong s6 diéu khién trong
khodng thdi gian bay ctia UAV

- Giam sat thoi gian thuc cac dii liéu cam
bién, video va do ti xa

- Hoat dong trén nén tang hé diéu hanh
Windows, Linux va MacOS.

Mat khac, MAVLink (Micro Air Vehicle
Link) 12 mot giao thtc lién lac ctia cac phuong
tién hang khong néi chung, UAV néi riéng, cu
thé, day la giao thtc lién lac gita thiét bi diéu
khién tir xa va cac phuong tién bay, st dung
ngoén ngi 1ap trinh C (MAVLink, 2023).

Trong nghién ctu nay, ching téi st dung
QGC va Matlab/Simulink théng qua giao thtc
MAVLink dé x4y dung va mé phdéng quy dao
bay cho UAV DJI AGRAS T40, st dung trong
phun thudc trit sdu trong néng nghiép. Pé quan
sat moét cach tryc quan quy dao bay md phong,
chiing t61 stt dung Mapbox's Geojson.io, céng cu
lap ban dé web hd trg lam viéc v6i nhiéu dinh
dang di liéu khong gian dia 1y phé bién
(Dougherty & cs., 2021).

2.3. Mapbox’s Geojson.io

Mapbox’s Geojson.io (Dougherty & cs.,
2021) 1a mdt cong cu cung cip cac tng dung ban
d6 s6 dua trén dinh dang di liéu dau vao
Geodson, véi kha niang md rong linh hoat, dé

dang tuy chinh cho cac ting dung. Mapbox’s
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Geojson.io cho phép don gian héa qua trinh dinh
vi trén ban db, tao tuy chinh va dé& dang xu ly
cac su kién trén ban d6. Trong nghién ctu nay,
Mapbox’s Geojson.io duge st dung dé nhanh
chéng thiét 1ap quy dao bay cho UAV mot cach
truc quan va quan trong nhat la dé dang 14y di
liéu dia ly cta cac diém tham chiéu, phuc vu cho
viéc 1ap trinh mé phdong quy dao bay caa UAV
v61 Matlab/Simulink va QGC.

2.4. Xay dung bai toan

Thuat toan dinh tuyén bay cho UAV phun
thudc trong nong nghiép cAn dam bao dat cac
yéu cau:

- C6 thé dinh tuyén quy dao cho khu vuc c6
hinh dang, dia diém b4t ky.

- Céac dudng bay dugc x4y dung sao cho ddm
bdo phun phu toan bd dién tich can phun
(khodng cich gilia cac duong bay chinh < do
rong phun cua UAV), d6 phun chéng thap, tiét
kiém vat tu va néng lugng.

3. KET QUA NGHIEN CUU

3.1. Xay dung thuat toan dinh tuyén quy
dao bay cho UAV nong nghiép

Dé dinh tuyén quy dao bay cho mét khu vuc
bat ky, chiing t6i st dung cach dinh tuyén quy
dao c6 tuyén dudng bay song song theo vi tuyén
ho#c kinh tuyén do cach nay dam bao c6 thé
dinh tuyén cho khu vuc ¢é hinh dang bat ky, it
phu thudc vao cac duong tham chiéu.

3.1.1. X4c dinh khu vuec cAn phun thuéc

Nhu trinh bay trong muc 2.1, khu vuc phun
thudc dude xac dinh bang cach néi cac diém
tham chiéu thudc duong bao dién tich phun,
diém tham chiéu dugc xac dinh bang cach chon
vi tri trén ban @5 hién thi trén bo diéu khién
caAm tay ho#c ngudi diéu khién UAV mang theo
b6 diéu khién cAm tay va di chuyén xung quanh
dién tich can phun, hé théng sé tu tao cic diém
tham chiéu trén dudng di. Khu vuc can phun cé
hinh da giac véi dinh chinh 14 cac diém tham
chiéu A, va cac canh la duong néi gitta hai diém
tham chiéu lién ké (Hinh 3).
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YA

(a) Khu vuc da giac 16i
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YA

(b) Khu vic da giac 16m

Hinh 3. T6i vu héa duong bién khu vuc phun thudc

Theo nghién ctu cua Li & cs. (2023), gia
thiét khu vuc phun c6 dang da giac 16i (Hinh
3a), dé t6i uu héa qua trinh phun (tranh thudc
phun ra ngoai khu vuc can thiét), ta cé cac dinh
A, cia da giac xac dinh khu vyc phun téi cac
dinh A/ sao cho E phai song song va ciing

chiéu véi vector C duge xac dinh:

AiAi—l n AiAi+1
‘AiAi—l‘ ‘AiAi+1

C= (1)

Géc trong tuong ting 0; ciia dinh A; dugc xac
dinh theo cong thtc (2):

AA  AA

6, =arcos| =L 1 2
‘AiAi—l ‘AiAm

AA'= h E 3

Trong d6 khodng cach h c¢6 thé duge ngudi
dung tuy chinh theo dia hinh va huéng cua cay
trong sao cho phu hgp.

Trudng hop khu vuc can phun cé dang da
giic 16m (Hinh 3b), viéc t6i vu héa duong bién
khu vuc can phun thudc tuong tu trusng hdp
khu vuc c¢6 dang da giac 161, tuy nhién diém 16m
sé dudc co vao theo huéng ngudc véi hudéng ctua
cac diém 16i, nghia 1a, trong trudng hgp nay,

ching ta can ddo ngugc hudéng cia A A ' (Li &
cs., 2023).

3.1.2. Xac dinh duong bay cho UAV

Gia thiét khu vuc phun c6 dang da giac 16i
AA,. A, sau khi t61 vu héa dudng bién khu vuc
phun dudc da gidc A’A,..A v6in dinh va n canh
(Hinh 3). St dung phép chiéu ban db hinh tru,
trong hé toa dd x0y, canh A/A, ’ cia da giac dudgc
xac dinh theo phuong trinh (Li & cs., 2023):

LN @

Yar ~Ya Xa "X,

i i-1

Trong dé:
Xe [rmn(xA‘,,xAH,),max(xA],,xAH,)}

S6 dudng bay m (s6 nguyén) cia UAV dugc
xac dinh:

ymax ~ ymin
I (5)

m >

V61 e VA Viuin 124 toa @6 16n nhat va nho
nhat cia khu vuc phun theo truc Oy, d 14 chiéu
rong phun cia UAV. Truong hgp, phép chia theo
cong thic (5) ¢c6 du, m sé duge lam tron 1én, khi
d6 cac duong bay chinh sé duge diéu chinh véi
d6 rong phun d:

ymax B ymin
m+1

d'= (6)
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Gia thiét cac dudng bay chinh song song véi
truc Ox, cach nhau khoang cach d, duong bay
d4u tién cia UAV dudc xac dinh:

d
=y _+— @)

y ymln 2

Dé xac dinh cac diém ma tai d6 UAV thay
d6i hudéng bay, ching ta xac dinh giao diém gitta
duong bay m; v6i duong bién dién tich phun t6i
uu theo hé phuong trinh:

y=y m d
min i 2
y_yAi' X_XAi' (8)
yAi‘ _yAH' XAi' “Xa

Thuc hién danh s6 cho cac dudng bay chinh
tit diém bat dau (va két thic) bay caa UAV. Véi
cac dudng bay 18, danh d&gu cac giao diém ti
phia gin diém bay xuét phat caa UAV, con véi

cac duong bay chdn, danh d4u cac giao diém
theo hudéng ngudc lai. N6i 1an lugt cac giao
diém lai, chung ta dudc toan bo quy dao bay
cua UAV d6i vé6i dién tich khu vuc can phun
(Hinh 4).

3.2. Két qua mé6 phéng

Pé quan sat mot cach truc quan quy dao
bay ctia UAV, coéng cu Mapbox's Geojson.io
duge st dung dé 1ap ban d6 web hd trg quan sat
quy dao bay mo phodng, giao dién ciia Mapbox's
Geojson.io 1ap ban d6 ddi véi khu vuc phun
thudc gia dinh 1a Quang truong Sinh vién cua
Hoc vién Nong nghiép Viét Nam, c6 kinh d6 tu
105°55'49"E  dén 105°55'52"E, vi dd tu
21°00'16.3"N dén 21°00'19.8"N dugc thé hién &
hinh 5a. Cac diém tham chiéu dudc xac dinh
truc ti€p trén ban db dé tao khu vuc cn phun.

X
»
|

0

Hinh 4. Quy dao bay ctia UAV phun thuéc

(a) Khu vuc can phun thube

(b) Quy dao duoc dinh tuyén

Hinh 5. K&t qua dinh tuyén bay ctia UAV trén Mapbox's Geojson.io
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Tin nhan
mau

Simulink
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uDP

Phan mém QgroundControl

Hinh 6. CAu tric mé phdéng hé théng véi Matlab/Simulink va QGC
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MavLink Packet Creator

Hinh 7. Chuong trinh truyén dit liéu MAVlink

Chon chiéu réng phun t6i da dé tinh toan la
d = 11m (trén co sd m6 phong theo khoang bay
cua DJI AGRAS T40). Stt dung thuat toan da
x4y dung, quy dao bay cua UAV dugc xac dinh
nhu trong hinh 5b. UAV tit vi tri tram (diém S),
tién dén vi tri A va bAt dau phun thudc véi
hudng bay dugde thé hién theo chiéu cic mai tén.

Hanh trinh phun thudc két thic & diém B, UAV
bay vé tram S. Tién hanh kiém tra khoang cach
bay tai mot s& vi tri trén Mapbox's Geojson.io,
bing cach tao cac doan thing ¢6 2 dau 1a 2 diém
can do khoang cach, két qua cho thay chiéu rong
phun thuc t& 1a 10,7m, nhd hon 2,73% so véi
chiéu rong phun t6i da (11m) caa UAV.

655


https://translate.google.com/website?sl=en&tl=vi&hl=en&client=webapp&u=http://geojson.io/

Xay dwng quy dao bay cho UAV phun thubc trong néng nghiép

Tién hanh mé phdéng qu§ dao bay cia UAV
v6i phan mém QGC va Matlab/Simulink c6 su
hd trg ctia chiic ndng két ndi MAVlink cta thu
vién UAV Toolbox. C4u tric cia hé théng mé
phéng duge thé hién 6 hinh 6.

Chuong trinh truyén tham sé sé truyén lan
ludt cac théng tin diém dén (cac diém da xac
dinh duge) t6i Simulink. O day, cac thong s6
duge dién vao cac miu tin nhan cé sin va tao
thanh mot tép dinh dang “.xml” duy nhat, tép
nay chta cac di liéu theo tiéu chudn MAVLink
va duge gti dén phan mém QGC bang giao thiic
UDP (User Datagram Protocol), ddy 1a mot giao
thiic gii thong tin dang tin nhin qua IP ma
khong can két noi truc tiép véi hé théng nhan
(MAVLink, 2023). Hinh 7 thé hién chuong trinh
truyén dit liéu MAVlink trén Matlab/Simulink.

Céac tham s6 md phéng mot UAV nhu dd cao, vi
tri, dinh hudng, thoi gian bay,.. dudc thong qua
hé théng con MavLink Packet Creator (Hinh 8)
dé tao thanh mot tép tin theo tiéu chuén
MAVLink. Khoi UDP send chiu trach nhiém gti
di tép tin t6i phan va vi tri GPS dudc cung cip
ti chuong trinh dinh tuyén sé& dugc truyén lan
lugt t61 Simulink.

Trong hinh 8, cac khéi Bus Assignment
dién cac tham s6 nhan dudc vao cac tin nhin
MAVlink tréng (MAVlink Blank Message), day
14 cac mau tin nhan dude tao sin trong thu vién
UAV Toolbox. theo, khoi MAVlink
Serializer va Rate Transition 1an lugt tuan tu

Tiép

héa cac tin nhén va diéu khién toc d6 truyén
dit liéu dé két hop cac tin nhin thanh mét tép
duy nhat.
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Hinh 8. Hé théng con chuong trinh tao géi dit liéu MAVlink Packet Creator
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Hinh 9. K&t qua mé phong quy dao bay cua UAV

Hinh 9 thé hién két qua mo phdng céc
duong bay cia UAV phun thuéc bao vé thuc vat
da x4y dung, maii tén dai dién cho UAV va
huéng bay cta né. Trong qua trinh mé6 phong,
UAV duge md phong bay véi toc do 8 m/s va ¢
thé tuy chinh cac téc d6 khac. K&t qua mé phdng
cho thdy, UAV bay chinh xac theo quy dao va
huéng bay da xay dung. Cac tuyén bay chinh
duge dinh tuyén song song, khong chéng chéo
nhau dam bao thudéc dugc phun déu. UAV
khong bay ra ngoai khu vuc cAn phun, ddm bao
tinh an toan, han ché& thudc bao vé thuc vat bi
phun ra khu vuc khac, giy lang phi va 6 nhiém
mdi trudng.

3.3. Nhan xét

Tu két qua mé phéng & muc 3.2 c6 thé
nhan thay:

(i) Duong cua UAV phun thudc da dudc xay
dung ddm bao phun phu toan bo dién tich can
phun. Cac dudng bay chinh song song véi nhau,
véi khoang cach giiia cac dudng bay 1a 10,7m,
nhé hon 2,73% so v6i chiéu rong phun téi da ctua
UAV. Viéc giam duong bién cua khu vuc can
phun truée khi dinh tuyén bay cho UAV gitp
han ché thudc bao vé thuc vat bi phun ra ngoai
khu vuc, ti d6 tranh lang phi thudc va 6 nhiém
mdi trudng.

(ii) Puong bay chinh dugdc dinh tuyén theo
vi tuyén gitp viéc xac dinh quy dao bay dé dang
d moi vi tri trén mat dat. Déi véi khu vuc c6
dién tich trai dai theo kinh tuyén, dé gidm thiéu
su thay déi huéng bay trong qua trinh bay, cac
duong bay chinh nén dudc dinh tuyén theo kinh
tuyén (géc huéng 90°). Khi dé6, ta thay toa do
Voinmax DANE toa d6 X, ... tuong dng trong cac
cong thic (5) + (8).

(iii) P61 véi khu vice c6 hinh dang phtic tap
bat ky, viéc dinh tuyén theo vi tuyén/kinh tuyén
¢6 thé khong con phiut hop, din dén UAV phai
d6i huéng bay thudng xuyén, lam ting thoi gian
bay va tén nang lugng. Viéc nghién ctiu diéu
chinh cac dudng bay véi goc huéng phu hgp la
cAn thiét.

4. KET LUAN

Trong nghién ctu nay, ching t61 da xay
dung thanh céng quy dao bay cho UAV st dung
phun thudc trong néng nghiép, két quia md
phong cho thay quy dao bay dap ting dugc cac
yéu cau: UAV bay phu déu dién tich khu vuc
can phun, khodng cach gitia cac duong bay nho
hon 2,73% so v6i @6 rong phun té6i da cia UAV
dam bao khéng phun sét dién tich, UAV ciing
khong phun thiia ra ngoai dién tich khu vuc can
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Xay dwng quy dao bay cho UAV phun thudc trong néng nghiép

phun. Chuong trinh dinh tuyén c6 thé xay dung
duong bay cho khu vuc caAn phun thuéc ¢ moi
dia diém trén trai d&t do cac duong bay chinh
duge sip xép theo vi tuyén hoic kinh tuyén. Tuy
nhién, thuat todn dinh tuyén méi chi ap dung
v6i khu vuc phun c6 hinh dang don gian, dia
hinh bing phing va khong c6 chudng ngai vat,
viéc md rong thuat toan véi cac khu vuc c6 hinh
dang va dia hinh phtic tap, cling nhu van dé téi
uu géc huéng cua UAV, trong moi trudng coé gié
véi toc do gié va huéng gié khac nhau can dudc
tiép tuc quan tadm & cac nghién ctu tiép theo.
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