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TOM TAT

Canh tdc néng nghiép hién nay dang cd xu huwéng dp dung thiét bj bay khéng
nguwdi ldi (unmanned aerial vehicle, UAV) gitp tdng cuwdng hiéu qué sén xudt
va qudn ly nbéng trai bén vitng. Tuy nhién, chua cé nhiéu bdo cdo téng quan
vé vai tro ctia UAV trong canh tdc. Muc tiéu cda bai téng quan nhém dwa ra
cdi nhin toan dién vé cdc tng dung cda UAV trong gidm sat sirc khde cdy tréng,
ldp bén d6 canh tdc, phun thuéc bdo vé thyc vét va phdt hién cé dai. Cu thé,
UAV mang lai khé ndng giam sdt va thu thép dif liéu chinh xdc vé tinh trang
cGy tréng va dét dai tir trén cao gitip néng dén dua ra quyét dinh phi hop. Tir
viéc phat hién séu bénh, ddanh gid sirc khée cdy tréng, udc lwong san lwong va
phun thuéc bdo vé thuc vat, UAV cung cép gidi phap toan dién gitp gidi quyét
nhirng thdch thire cla canh tdc truyén théng. S& dung UAV giup tiét kiém thoi
gian va ngudn luwc, giam thiéu sw phu thudc vao lao déng va tdng cuwdng khé
néng tw déng héa trong quédn ly néng trai. Cdc céng nghé tién tién nhv phén
tich hinh dnh va cdc mé hinh hoc mdy dwoc tich hop véi UAV gitp x& ly va
phén tich dir liéu thu thép, tir dé téi wu héa cdc quy trinh canh tdc, nédng cao
néing sudt va chét lugng cdy tréng. Két qud cda bdi téng quan nay cung cdp
nhirng hiéu biét toan dién vé trng dung cla UAV trong canh tdc néng nghiép,
tir d6 b6 sung nhitng dinh hwdng quan trong cho quy trinh canh tdc chinh xdc
trén déng rudng.

ABSTRACT

Current crop productions in open fields are increasingly incorporating
unmanned aerial vehicles (UAV) to significantly enhance both the efficiency of
production and the sustainability of farm management practices. However,
there are few broad assessments on the use of UAVs in crop production. The
purpose of this review is to provide a comprehensive overview of UAV
applications in crop health monitoring, farming mapping, pesticide spraying,
and weed detection. Particularly, UAVs facilitate precise monitoring and data
collection regarding crop conditions and land status from aerial perspectives,
thereby enabling farmers to make final decisions. This encompasses a range
of applications from pest and disease detection, crop health assessment, yield
estimation, to the precise application of pesticides, UAVs emerge as an
integrative solution to confront the myriad challenges associated with
conventional practices. Furthermore, the utilization of UAVs contributes to
substantial time and resource savings, diminishes reliance on manual labor,
and augments the potential for farm management automation. The

112

TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP TAP 13, SO 2 (2024)



Ky thudt & Céng nghé

integration of sophisticated technologies such as image analysis and machine
learning algorithms with UAVs enhances the capacity for processing and
analyzing the acquired data, consequently, facilitating the optimization of
cultivation processes and improvements in crop quality and yield. Taken
together, the findings of this review could provide intensive insights into the
use of UAVs in crop cultivation, adding key directions for precision farming

procedures in the field.

1. DAT VAN DE

Dan s6 thé gidi du kién sé dat 10 ty vao
nam 2050, dat ra thach thic vé nhu cau lwong
thue [1, 2]. D& gidi quyét thach thirc nay, can cé
nhitng phuong phap san xudt hiéu qua va
nhanh chong. Cac &ng dung clua robot, khoa
hoc may tinh, tri tué nhan tao va Internet van
vat cé thé tao ra nhitng thiét bi va quy trinh
canh tac théng minh, hiéu qua va nhanh choéng
[3]. Theo d6, san xuat ndng nghiép chinh xac s
dung céc dich vu cdng nghé théng tin va truyén
thong dé thu thap va x& ly théng tin tir nhiéu
ngudn khac nhau giup cai thién quy trinh canh
tac truyén théng. Vi du, sy thay déi cla cac
théng s6 vé thoi tiét va sinh trwdng cha tham
thuc vat theo thoi gian va khu vee doi héi qua
trinh theo doi dién ra lién tuc dé diéu khién hé
théng tudi mot cach tiét kiém va chinh xac [4].
Xu huwédng canh tac chinh xac cho phép quan ly
cay trong dé dang va hiéu qua hon bang cach
str dung thiét bj cong nghé phu hop vdinhu cau
cu thé cla cay trong. Trong do, ban chat cla
canh tac chinh xac la hwdng dén viéc st dung
héa chat mot cach hop ly, tiét kiém két hop vdi
cac giadi phap theo ddi va chdm sdc cay trong
théng minh. Piéu nay dit ra mét yéu cau vé
viéc sit dung cong cu cho phép thu thap théng
s6 mdi trudng va thuc vat dé gidi quyét céc bai
toan thuc té, chl yéu lién quan dén canh bao
sau bénh [5-8], dw doan san lvgng [9-11] va xay
dwng vung canh tac [12, 13].

Hién nay, quy mo canh tac trén déng ruéng
va trong hé théng nha kinh tang Ién, sé luvong
cong viéc cha nguoi ndbng dan cling tang lén.
Nhitng cong viéc nay duoc cho la phlu hop voi
hoat ddng clia cac thiét bj ty hanh tao diéu kién
cho qud trinh tu ddng hod, dién hinh nhuw hé
théng mat dat khong nguoi ldi (unmanned
ground vehicle) va thiét bi bay khong ngudi lai
(unmanned aerial vehicle, UAV) [14]. Trong do¢,

UAV duoc danh gid l1a cdng nghé cé thé mang
lai tiém nang ng dung I&n nho vao kha nang
thu thap dit liéu chinh xac va hiéu qua tir trén
cao [15]. Cac UAV c6 thé dugc sir dung dé theo
ddi strc khde cay trong [16, 17], danh gid nhu
cau vé nudc va phan bén [18], phat hién sém
sau bénh hai [5, 6, 8]. Bang cach t8i wu héa quy
trinh canh tac va tang cuwong quan ly ndng trai,
UAV khdng chi ndng cao nang sudt va chat
lwong sdn phdm ndng san ma con gép phan bdo
vé& ngudn tai nguyén thién nhién. Tuy nhién, cac
bdo cdo vé viéc sir dung UAV trong gidm sat
hién trudng tai cadc cdnh déng va trong hé
thong nha kinh van con tuong déi han ché.

Muc tiéu clia bai téng quan nham dua ra cai
nhin téng quat vé ng dung cia UAV trong
canh tac. Trong do, cac bai todn vé st dung
UAV trong quan ly strc khde cay trong, 1ap ban
dd canh tac, phun thuéc bao vé thuc vat va
phat hién cé dai dwgc phan tich. Cac nghién
cru vé viéc sir dung UAV trong canh tdc trén
dong rudng da duoc lya chon dé thao luan.
2. PHUONG PHAP THU THAP THONG TIN
NGHIEN CcU'U

Céch tiép can cla bai tdng quan nay la thu
thap toan bo cac nghién clru trén thé gidi duorc
ghi nhéan trong giai doan 2014 - 2024 lién quan
bang phuong phap trac luwgng thu muc
(bibliometrics) theo md ta trong nghién clu
trudc day [19]. Theo do, cac tur khda lién quan
dén ndi dung nghién ctru, bao gbm “unmanned
aerial vehicle”, “open field”, “crop health
monitoring”, “mapping”, “pesticide spraying”,
va “weed detection” d3 dugc lya chon dé sang
loc trén cac nghién clru dugc dang tai trén cac
tap chithudc danh muc Web of Science/SCOPUS
[19]. Cong cu Bibexcel, VOSviewer va Citespace
duoc st dung dé doc lwét tai liéu, trich dan tai
liéu, tao co s& dit lieu, tir d6 phan nhém va sap
xép dit liéu theo cac chi muc.
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3. THIET Bl BAY KHONG NGU'O1 LAI VA MOT
sO BAI TOAN TRONG CANH TAC NONG
NGHIEP

UAV duogc hiéu la mdt phuong tién di
chuyén hang khéng doc 1ap, khéng yéu cau su
hién dién cda nguoi diéu khién trong khoang
l4i. Cadc UAV c6 thé duoc didu khién tir xa théng
qua ngudi van hanh trén mat dat hodc cé kha
nang thyc hién cac hoat dong dwa trén cac
thuat todn diéu huéng ty déng, cho phép di
chuyén theo 16 trinh d3 duogc 13p trinh trudc
[20]. C4c UAV c6 thé duoc trang bi nhiéu loai
thiét bi phu tro, bao gébm camera [17, 18, 21,
22], cAm bién do dac théng s6 mdi trwong [12]
va cac hé théng diéu hudng [13, 23], cho phép
chung thu thap dit liéu quan trong trong cac
diéu kién mdi truong khac nhau (ngoai troi va
trong nha).

Trong linh vyc ndng nghiép, UAV dang ngay
cang trd nén phd bién nho vao kha nang cung
cap dit liéu chinh xac va hiéu qua [15], gitp t6i
wu héa qud trinh san xuat va quan ly cay trong
[20, 24]. Do d6, nhiéu hang san xuat UAV cho
nganh ndng nghiép da ra doi va phat trién, nhu
cong ty cong nghé Da-Jiang Innovations (DJI,
Trung Quéc) véi cdc dong Phantom, Mavic,
Inspire va DJI Agras; PrecisionHawk (Hoa Ky)
v@i cac dong Lancaster [UAV canh cé dinh trang
bi camera da phé (multispectral camera) va
camera siéu phé (hyperspectral camera] [25-
27]; céng ty Parrot (Phap) v&i san pham Parrot
Bluegrass Fields (UAV trang bi camera da phd)
[28].

Cho dén nay, UAV chi yéu duoc s&r dung cho
viéc phat hién/kiém sodat sau bénh [5-7, 26] va
gidm sat nhiéu loai cay tréng [5, 29-31]. Cac
ng dung duoc thuc hién phé bién nhat véi
UAV cho ndng nghiép chinh xac la giam sat hién
trudng [32] va phun thuéc [33-35]. Trong cac
&ng dung gidm sat, thdng tin vé cay trong duoc
danh gia gian ti€p thong qua cac chi tiéu thuc
vat (vegetation index, VI), bao gdbm chi sé thuc
vat khac biét chuan hoa (normalized difference
vegetation index, NDVI) [28, 36], chi s6 dién
tich 1a (leaf area index) [18, 37], d6 day cua la
(leaf thickness) [38, 39] va dién dung cua la
(leaf electrical capacitance) [39]. Hién nay, m6t
s6 bai todn &ng dung UAV d3 duwoc bdo cdo,

nhuw giam sat sdu bénh hai bang xt ly hinh anh
[5, 6, 26], phun thuéc bao vé thuc vat [34, 35,
40] va phan bon [41] bang UAV dé giam thiéu
t6i da lwong héa chat ma vin ddm bao ning
suat cay trong [42], khdo sat va 13p ban d6 canh
tac [9, 12, 13], phat hién co dai [20, 42, 43].
Trén thuc té, nhitng nhiém vu nay cling cé thé
duwoc thuc hién bang hinh anh vé tinh thong
qua hé théng théng tin dia ly (geographic
information systems, GIS) [44] hodc mdy bay
[45], nhung UAV hitu ich hon khi so sanh vé d6
phan giai hinh anh [29], chi phi va m&c d6 kha
thi [15, 46]. UAV c6 thé tich hgp cdc mdy anh
khac nhau, chdng han nhu camera kj thuat s&
phé théng [7, 17, 31, 43, 47, 48], camera nhiét
(thermal camera) [49], da ph6 [11, 17, 26, 30, 31,
36] va siéu phé [25, 27, 50] dé thu thap di liéu.
4. UNG DUNG CUA THIET Bl BAY KHONG
NGUO1 LAl TRONG CANH TAC TREN PONG
RUONG

Cac &ng dung cua UAV trong canh tac trén
dong rudng bao gdbm hd tro diéu khién qua
trinh twdi tiéu [18, 24], giam sat cay trong [9,
30], tao ban d6 dia hinh [13, 43] va nhiéu &ng
dung khac [12]. Vi du, UAV tich hgp camera ky
thuat s6 [43, 47] c6 thé thu thap duoc sdu chi
s6 VI phan 4nh sirc khde cay tréng trén canh
doéng [51]. PO chinh xac tir viéc thu thap chi s
ExG va VEG c6 thé dat gia tri khodng 87,73 -
91,99% & d6 cao 30 m, gidm dan xudng khoang
83,74 - 87,82% & d6 cao 60 m [51]. Dan chirng
nay cho thay sir dung UAV két hop camera ky
thuat sé co thé &ng dung hiéu qua trong ndng
nghiép chinh xac [9, 12, 13], dac biét [a quan ly
c6 dai [20, 42, 43]. Tuy nhién, viéc tao ban d6
chinh xac tirng loai cay bang hinh dnh thu thap
tlr UAV gap nhiéu khé khan do su khéc biét 1on
vé kich thudc, hinh dang va phan bé cia cay
[48]. Nham giai quyét van dé nay, cdc mé hinh
phdn wvung anh theo I6p (semantic
segmentation model) d3 dwoc dé xuat nham
t6i wu cho qué trinh x& ly va phan tich hinh anh
dé théa man céc bai toan lién quan dén viéc
phan biét chinh xdc thuc vat va nén hau canh
[48, 52]; cai thién d0 chinh xac trong nhan dang
hinh thai 13, than va cac bé phan khac [10, 38].
Mot s& mé hinh truyén thdng da duoc dp dung
cho qua trinh x& ly anh da duoc ap dung, nhu
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mang no-ron tich chap hoan toan (fully
convolutional network) [53], U-Net tiéu chuin
[mét dang kién trdc mang no-ron tich chap
(convolutional neural network) [48, 54] va mot
s6 bién thé cia mé hinh U-net, dién hinh nhu
Res U-Net [két hgp kién trac U-Net véi cac két
néi du (residual connections) tlr ResNet
(Residual Network)] [55] va MS Res U-Net
(Multi-Scale Residual U-Net, nghia la m6 hinh
m& rong clia Res U-Net, két hop khai niém cla
xtr ly da ty 1& va két néi duv vao trong kién truc
U-Net) [56]. Cac bdo cdo d3 dé xuat mot sé md
hinh cai tién cla mang U-Net cho két qua phan
vlung anh tét hon, nhu Scale Sequence Residual
U-Net (mét kién tric mang no-ron tich chap
sau duoc thiét k& bang cach tich hop kj thuat
xtr ly da ty 1é va két ndi duw vao trong kién tric
U-Net truyén théng) [22, 55, 56].

Hién nay, hdu hét cic bdo céo lién quan dén
st dung UAV trén déng rudng déu ghi nhan xu
hwdng sir dung céc thiét bi ndy trong viéc gidm
sat cay tréng [7, 8, 11, 17, 26, 27, 30, 31, 57-
60], 1ap ban d6 canh tac [13, 21, 22, 43, 47, 48,
61], phun thudc bao vé thuc vat [34, 35, 62] va phat
hién co dai.

4.1. U'ng dung cta thiét bi bay khong nguoi lai
trong giam sat cdy tréng trén déng rudéng

Thoéng thuong, viéc giam sat va theo doi cay
trong trén dong rudng thudng dugce phan tich
mot cach gian tiép thong qua céc chi sd VI [18,
28, 36-39]. Cac dit lieu nay duogc phan tich
théng qua cdc md hinh tdi wu, tlr d6 cb thé
danh gia san luvong, theo ddi sy phat trién va phat
hién cac van dé vé sinh trudng, phat trién cla cay
trong mot cadch nhanh chdng va kip thoi.

Dau tién, phat hién tinh trang stress cay
trong duoc ghi nhan |a mét trong nhitng &ng
dung quan trong nhat cia UAV trong giam sat
cay trong trén dong rudng. Theo do, cac dit liéu
anh thu thap tir UAV cé thé phat hién cac dau
hiéu cha stress cdy trong do nhiéu nguyén
nhan, bao gbm thiéu nudc, thi€éu hoac thira
dinh du@ng va sau bénh hai [26]. Vi duy, dong
UAV DIJI Phantom 4 (DJI, Trung Qudc) trang bi
camera da phé MicaSense RedEdge MTM
(MicaSense, Hoa Ky), c6 5 bang tan hep, bao
gdm kénh phé xanh luc (465 - 485 nm), xanh

duong (550 - 570 nm), do (653 - 673 nm), ria dé
(712 - 722 nm) va can héng ngoai (800 - 880
nm) duwoc st dung dé phat hién bénh Panama
gay ra b&i ndm Fusarium oxysporum trén vung
trong chudi (Musa spp.) [26]. Hinh dnh da ph6
thu thap tir d6 cao 120 m duoc s dung dé
danh gid 8 chi s6 thuc vat VI gitta nhitng cay
chudi sach bénh va cay chudi nhiém bénh, bao
gdbm NDVI, chi s6 ria dd khac biét chudn hoéa
(normalized difference red edge index), chi sé
diép luc xanh (green chlorophyll index), chi s&
diép luc ria d6 (red-edge chlorophyll index), chi
s sac td& cé cau truc doc lap (structural
independent pigment index), chi s& sic t6 ria
dd cb cau tric doc lap (red-edge structural
independent pigment index), chi s& caroten
(carotenoid index) va chi s6 phan xa
anthocyanin (anthocyanin reflectance index)
[26]. Dong DJI Matrice 100 (DJI, Trung Qudc)
tich hop camera ky thuat s6 Zenmuse X3 (DJI,
Trung Quéc) thu thap anh hé mau Do - Xanh luc
- Xanh dwong (Red - Green - Blue, RGB) va dong
DJI Matrice 100 (DJI, Trung Quéc) tich hgp cdm
bién da phé Parrot Sequoia (Parrot, Phap) véi
bén kénh phé [xanh luc (530 - 570 nm), d6 (640
- 680 nm), ria do (730 - 740 nm) va can hong
ngoai (770 - 810 nm)] thu thdp anh da phé
duogc sir dung dé nhan dang cac cay ca chua
(Solanum spp.) khde manh va cay x& ly méan
[31]. Cac m6 hinh hoc may rirng cay ngau nhién
(random forest) dwoc dap dung dé dy dodan sinh
khéi qua va nang suat cla cay ca chua [31]. M6
hinh nay cling duoc dp dung phé bién trong céc
bai toan danh gia nang suit cta cay trong trén
déng rudng, dién hinh nhu lua gao (Oryza
sativa) [17], la my (Triticum aestivum) [11] va
khoai tay (Solanum tuberosum) [27]. Ngoai ra,
mot s6 thuat todn, nhu hdi quy tuyén tinh da
bién (multiple linear regression), héi quy tuyén
tinh don bién (simple linear regression), hoi
quy binh phwong nhé nhéat tirng phan (partial
least squares regression), hoi quy tuyén tinh da
bién tirng budc (stepwise multiple linear
regression) cling dwoc sir dung dé phan tich cac
théng sé VI trén cay trong [11].
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Bang 1. Toém lwgc nghién cliru vé irng dung theo ddi sirc khde cay trong cia UAV trén déng ruéng

STT

Doi twong
nghién ctru

Muc dich nghién ciru

Ngudn

1

Chudi

S& dung UAV tich hop camera da phé dé phat hién bénh Panama gay ra bédi
nam Fusarium oxysporum thdng qua danh gia tam chi tiéu thyc vat lién quan
dén kha ning hap thu sic t6 va qua trinh sinh trudng & cay.

[26]

Lda my

S&r dung UAV tich hop camera da phé dé& danh gia ndng suat lta my gitra cac
cdng thirc mat d6 cay va phan bdn dam khac nhau thdng qua thuat todn héi
quy tuyén tinh béi, hdi quy tuyén tinh mét bién, hdi quy binh phuong nhé
nhat tirng phan, hdi quy tuyén tinh bdi tirng budc, md hinh rirng cay ngiu
nhién.

[11]

C0 cai
duong

S&r dung UAV tich hop camera da ph6 dé thu thap chi tiéu thuc vat cé dai
déng rong nham dénh gid sinh trwdng cla cay ct cai duong.

[30]

Ca chua

X ly dnh RGB va anh da phd tir camera tich hop trén UAV bdng mé hinh
rirng cdy ngau nhién dé wdc tinh ndng suat qua, s6 lwvong qud, trong lwong
tuoi cla cay ca chua trong trong diéu kién thudng va x& ly man.

[31]

Pau tuong

St dung UAV loai DJI Phantom 4 dé thu thap ~5000 anh thuc dia nham phan
loai cac loai cdn trung trén |14 cla dau tuong, bao gdbm cac loai trong 16p
Chan bung (Gastropoda), ho Chau ch3au (Acrididae), ho Bo rua
(Coccinellidae), bo Canh cirng (Diabrotica speciosa), sau budm an 13
(Anticarsia gemmatalis), bo xit hoi (Edessa meditabunda), bo xit hoi nau
(Euschistus heros), bo canh cirng long nau (Lagria villosa), bo xit xanh
(Nezara viridula)

(7]

XU ly anh RGB tlr camera tich hop trén UAV bang mé hinh hoi quy tuyén tinh
dé wdc tinh ndng suat cta rudng ngd trong cac cdng thirc phan bén dam.

[57]

Lda gao

XU ly anh RGB va anh da phé tir camera tich hop trén UAV bang cac mé hinh
rirng cdy ngiu nhién dé danh gia ndng suat hat va kiém soat trang thai sinh
trwdng cta cdy lda trén dong rudng.

[17]

Nho

S& dung UAV tich hop camera k§ thuat s6 phé théng va camera hdng ngoai
dé phat hién bénh phan trang trén cay nho véi d6 chinh xac 92% (d6i vdi
triéu chirng trén qud) va 87% (déi vdi triéu chirng trén 13).

(8]

Bong

S& dung UAV tich hop camera da phd dé dy dodn nang suat bong théng qua
mo hinh mang no-ron nhan tao.

(58]

10

Khoai tay

S& dung UAV tich hop camera ky thuat s& phd thdng va camera siéu phd dé
wdc tinh sinh khdi cd va ndng suat cta khoai tdy thong qua méd hinh rirng cay
ngau nhién.

[27]

11

Co dau

S& dung UAV dé phan loai trang thai sinh trudng (cdy chét, cdy khée manh,
cay coi coc, cdy bjvang, cay bi trong sai cdch) cia khodng 300.000 cay co dau
trén dién tich ~28,85 km?.

[59]

12

Chudi

S& dung UAV tich hop camera ky thuat sé va da phd két hop véi dnh vé tinh
dé phat hién cac cay chudi bj nhiém bénh chun dot, bénh héo rii do vi khuan
Xanthomonas so véi cay khde manh.

[60]

Tiép theo, di¥ liéu dnh thu thap tir UAV ciing
cho phép phan tich mét sé d3c diém ndng sinh
hoc chinh cta cay tréng, nhu chiéu cao cay, kich
thudc 13, yéu té cdu thanh nang sudt, tir d6 gii
quyét bai todn wdc tinh ndng suat cay tréng [9,
11, 17, 18, 27, 50, 57]. Dt liéu vé ning suat
thuc thu trong cdc mua vu trudce ciing duoc
khai thac d€ md hinh t8i wu cho mua vu ¢é diéu
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kién canh tac tuwong ty. Khu vue canh tac co chi
s6 NDVI cao thudng twong ng vdi cic dac
diém ndng sinh hoc cta ciy trong tot va thé
hién tiém ndng san lvgng cao [11, 18]. Ngoaira,
UAV ciing hd tro trong viéc wéc luvgng san
lvgng bang cach cung cap thong tin chi tiét vé
mat d6 va phan bd cy trong, gitp phat hién cac
khu vuec bj stress hodc cé van dé vé sau bénh,
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anh huwdng dén nang suat [28]. Théng tin nay
gitp dinh hinh céc bién phap can thiép cu thé
nhu twdi nwdce, bén phan, hodc phun thuéc bdo
vé thyc vat dé i wu hda san lvong.
4.2. U'ng dung cta thiét bi bay khong nguoi lai
trong lap ban d6 canh tac

Ung dung ctia UAV trong |ap ban db canh tac
dang m& ra nhitng co héi méi cho canh tac

chinh xac, giup cai thién hiéu qua quan ly va téi
uu héa san xuat nong nghiép (Hinh 1). Nho kha
nang bay thap va chup anh véi dé phan gidi cao,
UAV cung cap dir liéu chi tiét va cdp nhat vé
trang thai cia dat dai va cay trong, tir dé tao ra
cdc ban db canh tac chinh xac va da chiéu (2D
va 3D) [12, 37].

Hinh 1. Ung dung ctia UAV trong lap ban dd canh tac

Ban d6 canh tac thu dugc tir UAV gilp hiéu
ré vé dic diém dat dai, mat do cay trong, su
phan bd cla nudc va cic yéu té khic anh
hwdng dén viéc canh tac [13, 21, 22, 43, 47, 48,
61]. V&i thong tin chi tiét tir bdn d6 canh tac,
cac khu vuc can tudi nuwdce, bén phan, hodc
phun thudc bao vé thyc vat mot cach chinh xac,
giam thiéu |3ng phi ngudn lyc va tac dong moi
truong. Viduy, dong eBee Ag (senseFly SA, Thuy
S7) tich hgp cdm bién nhiét hdng ngoai (thermal
infrared sensor) thermoMap va dong Parrot SA

N

(Parrot, Phdp) tich hgp camera da phé Sequoia
(Parrot, Phap) duwoc sir dung dé khao sat diéu
kién canh tac cay ngé va dau twong [21]. Theo
do, dir liéu dnh RGB, can héng ngoai va nhiét
héng ngoai dugc khai thac dé viéc 1ap ban do
dudng thodt nwdc trong canh tac trén dong
ruéng [21]. Hon nita, khao sat trong diéu kién
khé han, hinh anh nhiét hdng ngoai cho két qua
phat hién dudng thoat nudc chinh xac hon so
v@i anh RGB hodc can héng ngoai [21].

Bang 2. Tém lwoc nghién ctru vé irng dung 1ap ban d6 canh tac cta UAV trén déng rudng

STT Don.Eu'qr’\g Muc dich nghién ctru Ngudn
nghién ctru

1 Ruilopezia Dé xue:it mé‘hi,nh F,)hérl vE.mg é.nh Sgale SAequence .Residual U-Net 22]
dé phan loai cdc ca thé cay Ruilopezia trén thyc dia.

5 Mic ca St dung UAV ticr: hc{p ca‘Ame\ra da‘ﬂphc”i Aké't Plcjp anh vién tham (61]
WorldView-3 dé |ap ban d6 vung trong cay mac ca.

Hé théng tudi nwdc S dung UA\{ tich hgp camera nhiét hdng ngoai cé thé phat hién [21]
trén dat canh tdic  cac duong dan/thoat nuwdc trong diéu kién bé mat dat kho.

S dung UAV tich hgp cdm bién LiDAR, hé thdng vé tinh dinh vi

4 Lda my toan cau va bd cam bién gdéc quay + cdm bién gia tdc dé thiét 1ap [13]
ban d6 3D cho vung canh tic l[a my vao vy Pong.

c Co daitrénruéng S dung UAV tich hgp camera ky thuat s& phd thong dé phat hién 43]

yén mach c6 dai trén dong rudng véi dd chinh xac ~ 89,0%.

X ly hinh anh RGB duoc chup tir camera ki thuat s6 phé thdng

6 Céc loai cy rirtng  tich hop trén UAV dé nhan dang chin loai cdy rirng, cay gb chét, [48]
va cac loai ciy & tang dat mat.
X ly hinh anh RGB duwoc chup tir camera ki thuat s6 phé théng

7 Théng Monterrey  tich hgp trén UAV dé nhan dang cac cy 1a kim non trén dién rong [47]
v@i dd chinh xac dat 99,5% so vdi dit liéu thuc té.
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Bé&n canh d6, 1ap ban d6 canh tac bang UAV
cho phép hd tro trong quy hoach va diéu chinh
ky thuat canh tac, bao gbm thay déi md hinh
trong trot va dp dung bién phap than hién méi
trudng. Sy pho bién cda viéc st dung UAV (so
v3i GIS hodc may bay) dé |ap ban d6 dat trong
néng nghiép da tang lén, nho kha nang chup
anh véi d6 phan gidi cao va chi phi thap. Mét
nghién ctru gan day da st dung UAV va dit liéu
hinh anh t&r WorldView-3 (mét vé tinh quan sat
Trai Bat thwong mai cha Maxar Technologies,
trang bi cam bién da phd, siéu phd va hong
ngoai, c6 kha ndng cung cap hinh anh d6 phéan
gidi khéng gian dén 31 cm) dé Iap ban d6 khu
vudn trong cdy mac ca (Macadamia
integrifolia) va phan loai cac loai cdy mac ca
khac nhau bang thuat toan rirng cay quyét dinh
ngau nhién [61]. Trong khi d6, s& dung DIl
Phantom 4 Pro (DJI, Trung Quéc) tich hop
camera 20MP RGB va BOT (Aeronavics, New
Zealand) tich hgp camera Sony ILCE-6000
24MP RGB duwoc sir dung dé thu thap anh dir
liéu thyc dia dé 1ap ban d6 cho khodng 30.000
cay théng Monterrey (Pinus radiata) [47].

4.3. U'ng dung cta thiét bi bay khong nguoi lai
trong phun thudc bao vé thuc vat

Mot trong nhitng &ng dung chi yéu cda UAV
trong canh tac néng nghiép la phun thudc bao
vé thuc vat, mang lai cach tiép can hiéu qua cho
quan ly sdu bénh hai trong tréng trot. Cu thé,

su linh hoat va kha ndng di chuyén ca UAV cho
phép phun thudc trén dién rong hodc tap trung
vao cac khu viee cu thé ma khéng can phai diéu
khién truc tiép trén mat dat, gidm thiéu sy tiép
xuc truc tiép vdi thude bdo vé thuc vat va téi
uu héa viéc sir dung ngudn luec.

Trén thuc té&, viéc sir dung UAV dé phun
thu6c bdo vé thuc vat d3 duoc (ng dung phé
bién, do vay, cac bai todn nghién ciru hdu nhu
it dwgc ghi nhan, chd yéu lién quan dén hiéu
qua phun thudc dén hinh dang cta cay trong
[34, 35, 62]. Vi du, dong UAV bén canh 3W-
LWS-Q60S (hdang Zhuhai Crop Guardian, Trung
Qudc) cé dung tich thung chira 6 L, pham vi
phun 4,0 - 6,0 m, tran bay tuwong d6i dén tan
0,5-3,0m, tdc d6 hoat ddng 0 - 8,0 m/s va kich
thuwdc giot dao dong tir 80 - 120 um duwoc st
dung dé dénh gid hiéu qud phun dung dich
Ponceau 2R trén cac cay budi gidng Cocktail
(Citrus paradisi cv. Cocktail) ghép trén goc cay
cam ba 1a (Poncirus trifoliata) véi khoang céch
hang trong la 5 m, khodng cach cdy 13 3,5 m
[34]. K&t qua cho thay, diéu khién UAV phun &
khoang cach 1,0 m so va&i tan |4 cho hiéu qua
phun thudc tét nhat, mat do giot trung binh dat
39,97 giot/cm? va kich thudc giot trung binh I3
0,30 mm [34]. Hon nita, cdy cd tan hinh thap
c6 thé thu dugc mat do giot nwdc va ty 1é bao
phu giot nudc cao nhat [34].

Bang 3. Tém lwgc nghién ciru vé (rng dung phun thudc bao vé thyc vat ciia UAV trén dong rudng

boit ] o "
STT on_ Au’qr}g Muc dich nghién ctru Nguon
nghién ciru
St dung UAV phun thuéc & d6 cao 1,0 m trén cac
cay budi gidng Cocktail 5 ndm tudi ghép trén gbc cay
Gi6éng budi Cocktail ghép cam ba 13 véi tdn cay dang hinh thap cho hiéu suat
1 . X o N e oLen 3 L in m o me [34]
trén cac goc cam ba la phun thudc tot nhat, thé hién & chi tiéu vé mat do
phun trung binh (39,97 giot/cm?) va kich thudc giot
trung binh (0,30 mm).
Xay dung cong cu dé diéu khién UAV phun thudc trir
. L sdu chinh xac trén déng ruéng vai 16 trinh dugc toi
2 M6 phong wu héa dya trén giai thuat bay dan, di truyén, thuat [62]
todn md phong luyén kim va giai thuat leo doi.
DPanh gid hiéu qua phun thudc cla UAV cho céc cay
. dao c6 dang chir Y va CL théng qua viéc xem xét anh
3 Pao , e en X i X ca s (35]
hudng cla toc d6 bay, s6 lan phun, téc do dong
phun dén chi tiéu vé pham vi bao ph( cla giot nudec.
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4.4. U'ng dung cta thiét bi bay khong nguoi lai
trong phat hién c6 dai

Bén canh viéc |ap ban d6 canh téc, gidm sat
hién trang cay trong va phun thuéc bao vé thuc
vat, mot trong nhitng &rng dung cia UAV trong
canh tac ndng nghiép la viéc phat hién co dai.
Trong thuc té&, s phan bd cla cd dai khéng
déng déu nén viéc phat hién chinh xac va kip
thoi 13 didu quan trong. Theo d6, st dung UAV
cho phép thu thap hinh dnh chat lwong cao tuir
trén cao giup xac dinh chinh xac vi tri va murc
dd phan bd cta cd dai trong cdc cdnh déng rong
I&n. Thong qua cac moé hinh hoc may, UAV cé
thé phan biét gilra cay trong va co dai dé cung
cap théng tin chi tiét vé loai cé dai va mat do
clia chung [20, 56].

Nguyén ly nhan dang cé dai dua trén viéc
phan biét d3c diém vat ly va sinh hoc giira cd
dai va cay tréng [43]. Cac phuong phdp nhan
dang thuong si dung dir liéu hinh anh tir
camera tich hop trén UAV dugc huan luyén véi
cdc mé hinh hoc mdy dé xac dinh chinh xac co
dai trong cidnh déng. Théng thuwdng, cac
camera da phé va siéu phé trén UAV cung cap
hinh anh chi tiét vé phan xa anh sidng cta cac
loai thuwe vat & cac budc song khac nhau, tir do
giup nhan dién sy khac biét trong cau truac 13,
mau sdc va mirc do sinh trudng gilra cay trong
va co dai. Ngoai ra, viéc st dung di liéu lich sir
va md hinh dy dodn cling gép phan cai thién
kha nang nhan dang co dai, cho phép dy bao sy
phat trién va phan bd cla cb dai dua trén cac
yéu t6 nhu diéu kién thoi tiét va qué trinh canh
tac. Nh& d6, cac bién phdp quan ly c6 dai c6 thé
duoc lap k& hoach va thyc hién mot cich chinh
xac, gitp kiém sodt co dai hiéu qua va dam bao
nang suat cay trong [20, 56].

Cac nghién ctru hién nay thuong tap trung
vao xay dung cac phuong phap dinh luvgng va
phat hién va phan loai ¢ dai trén dong rudng
théng qua mot s6 mé hinh hoc may. Vi du, sau
loai cé dai d3 dwgc nhan dang vai d6 chinh xac
~97,3% tur bo dit liéu 224 anh v&i mé hinh may
vécto hd tro (support vector machine) [63]. Ba
loai co dai khac cling da duwgc nhan dang véi mo
hinh Sparse Autoencoders (modt bién thé cla
mo hinh hoc sdu Autoencoder) véi do chinh xac
> 70,0% [64].

5. MOT SO DINH HUONG VE 'NG DUNG THIET
Bl BAY KHONG NGUO1 LAl CHO CANH TAC
NONG NGHIEP

UAV ¢6 nhiéu wu diém cho cdc &ng dung
néng nghiép, nhung cling gdp phai nhirng han
ché& vé kj thuat. Dé xay dung cac hé théng ndng
nghiép théng minh va tién tién, mét s6 bai todn
vé thoi gian bay cda UAV (dung lvong pin), kha
nang hoat dong cta UAV (tai khu vuc dia hinh
phirc tap va méi trudng trong nha), va tai trong
clia UAV (mang cdéc loai may anh cé kich c& 1én)
d3 dwoc dat ra. So vdi viéc st dung hé théng vé
tinh va may bay dé theo ddi, UAV cé lgi thé vé
dd cao gidm sat, chi phiva d6 phéan gidi anh [15,
65]. Mot s& nghién clru d3 dé xuat viéc huy
doéng nhiéu UAV (mdi UAV giao mot nhiém vu
trén doéng rudng) dé cai thién hiéu qua vé téc
d6 va dung luvgng pin khi giam sat trén dién tich
dat ndng nghiép 16n [66, 67]. Tuy nhién, trong
[inh vue trong trot, s6 lvgng cac nghién clru st
dung nhiéu UAV it hon rat nhiéu so v&i nhirng
nghién ctru st dung mot UAV [67].

Hé théng nha kinh dang trd thanh mét xu
huwdng san xuat chinh trong ndng nghiép hién
dai, tuy nhién, sir dung UAV trong hé théng nha
kinh van han ché so v&i viéc ap dung ngoai dong
ruéng (do méi trwong khép kin, han ché vé dién
tich, déng thoi, cac vat can nhu tudng, mai che
lam hé théng GPS khdéng 8n dinh). Trong thyc
té, cac gidi phdp mang cam bién khéng day da
duoc trién khai phé bién trong hé théng nha
kinh nham quan ly méi trudng téi wu, diéu
khién tudi ty ddng va phat hién siu bénh. Tuy
vay, thiét k& nhiéu nét cdm bién cling cé thé
gay tdn kém va do théng s6 méi trudrng khdng
chinh xac (& hé thdng nha kinh c6 kich thuéc
I&n), khi d6, UAV c6 thé déng vai trd nhuw mét
giadi phap thay thé. Vi duy, dong UAV 4 cdnh E360
(Beijing Zhongke Haodian Technology, Trung
Qudc) dugc thay doi cau tric (gidm ap luc gié
xuéng cay) dugc st dung dé thuc hién viéc di
chuyén lién tuc trong nha, ty dong tranh
chwdng ngai vat, tir dé hd trg qua trinh thu
phan & cdy ca chua [68]. Trong khi d6, UAV mini
tich hop cdm bién do nhiét d6 khéng khi, d6 am
khéng khi, cwong dd dnh sdng va néng dé CO»
da duoc chirng minh cé kha nang giam sat tai
hau hét cac vi tri trong khdng gian ba chiéu cua
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hé théng nha kinh cho thay lgi thé (ng dung
hon so vdi mang cdm bién khong day va thiét
bi mat dat khéng ngudi 1ai [69].

6. KET LUAN

UAV tich hgp cdm bién thu thap théng sé
moi trwdng va cac loai camera duwoc sir dung
trong canh tdc ndng nghiép trén dong rudng
nham gidm sat cay trong, lap ban d6 canh téc,
phun thudc bdo vé thuc vat va phat hién co dai.
Cac thdng s6 méi trudng va chi tiéu thuc vat
duogc khdo sat nham danh gid cac dic diém
néng sinh hoc cha thyc vat, tir d6 wdc tinh san
lwong, phat hién sy xuat hién cha co6 dai, phan
tich sinh trwdng va phat trién cla cay trong. So
vdi viéc sir dung may bay va vé tinh, s&r dung
UAV c6 thé gidm sat trén moét dién tich canh tac
nhat dinh, cung cap dit liéu hinh anh c6 d6
phan giai cao, tiét kiém chi phi. Do d6, thdi gian
bay, kha nang hoat déng va tai trong cia UAV
la mét s6 van dé dang duoc lvu tdm khi van
hanh dé khao sat tai cac viing canh tac cé dién
tich 1&n. Ngoai ra, viéc dp dung UAV trong hé
thdng nha kinh vAn gip nhiéu han ché. Céc
nghién clru tiép theo s& duoc ti€n hanh nham
t6i wu hda cho viéc giam sat dong rudng bang
UAV va tirng budc ap dung UAV trong hé thong
nha kinh.

LO1 CAM ON

Nghién clru nay dugc thyc hién véi sy tai tro
tlr du an nghién clru “Hé théng loT ndng nghiép
dua trén dién todn bién” thudc chwong trinh
ASEAN-IVO cla Vién Cong nghé thong tin va
Truyén théng Nhat Ban NICT (Nhat Ban).
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