SCIENCE - TECHNOLOGY

MOT SO MO HINH HOC MAY CHO BAI TOAN HO TRO
XU LY BENH CAY TRONG TRONG NONG NGHIEP

MACHINE LEARNING MODELS FOR THE PROBLEM OF SUPPORTING AGRICULTURAL PLANTS

TOM TAT

Chan doan bénh trén cay trong la mot bai todn mang téi nhiéu thach thiic
cho ngudi nghién ctu béi s6 lugng I6n va déc diém phiic tap cla cac loai bénh cay
khc nhau. Trong bdi canh dd, tri tué nhén tao cling da dugc nghién ciiu va (ng
dung manh mé nhdm ho trg gidi quyét bai toan cing nhu mang lai nhiéu lgi ich
cho su phat trién cla nén ndng nghiép nudc nha. Trong bai bao nay, nhém
nghién ctiu tap trung gidi thiéu mot s6 md hinh hoc chuyén tiép két hop gitia md
hinh CNN véi cdc md hinh SVM, K-NN cho bai todn néu trén. Cac két qua thuc
nghiém cho thdy su cai thién déng ké vé do chinh xdc trong viéc phan loai dnh
cling nhu thai gian hudn luyén so vdi cdc m hinh riéng Ié. DE tan dung cac két
qué dat dugc va su phét trién manh mé cia dién thoai théng minh, nhom  da xay
dung mot ting dung véi muc dich hé trg cdc chd vuon trong viéc chdm séc nong
san ciing nhu tao sy két ndi gitia cac chuyén gia cay trong - cac chli ndng trai - cac
nha cung cap thudc bao vé thyc vat/vat tu néng nghiép.

Tir khéa: Nong nghiép, hoc chuyén tiép, mang no ron, trich chon thudc tinh,
Sum.

ABSTRACT

Diagnosis of plant diseases is a problem that brings many challenges to
researchers because of the large number and complex features of different plant
diseases, artificial intelligence has also been studied and applied strongly to help
solve the problem as well as bring many benefits to the development of our
country's agriculture. In this paper, we focus on introducing the transfer learning
model that combines (NN and SVM, K-NN models for the above problem. The
experimental results show a significant improvement in the accuracy of the image
classification as well as the training time compared with the individual models. To
take advantage of the results achieved and the strong growth of smartphones, we
built a mobile app with the aim of assisting gardeners in taking care of their
agricultural products as well as creating a connection between the Crop specialists -
farm owners - suppliers of pesticides/agricultural supplies.

Keywords: Agriculture, transfer learning, neural Network, feature extractor,
SUm.
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1. GIGI THIEU
Néng nghiép luon la mii nhon trong nén kinh té cla
Viét Nam véi nhitng déng gop to Ién qua viéc dam bao an

Nguyén Duc Huy'",
Nguyén Viét Duong’, Nguyén Manh Cudng?

ninh luang thuc va xuat khdu néng san ra thi trudng quéc
té. Do dé, phét trién ndng nghiép ddm bdo san pham dat
chat lugng t6t la muc tiéu quan trong. Do d6 phat hién dich
bénh trén cay tréng can dugc phat hién kip thai va xu ly
triét d& nham loai bdé van dé mat vé sinh an toan thuc
phadm cling nhu trdnh nhimng anh hudng xau tdi sdn xuat
néng nghiép.

Cay trong bi bénh thudng c6 nhiing triéu ching hay vét
bénh ré rang trén 14, than, qua. Tuy nhién, 1a cay thudng la
co s& dé xac dinh nhiing bénh ma cay dang gap phai.
Trong hau hét cac trudng hap, khi cac chl vusn mudn xac
dinh chac chan bénh cay sé can thué cac chuyén gia néng
ldam nghiép hé trg, phuong phép nay cé thé gay tén kém
nhiéu chi phi, thai gian khi né phu thuéc vao vi tri dia ly
cing nhu nguén vén ma cha vusn dang cé. Tham chi, véi
nhiing ngudi chd vudn con thi€u kinh nghiém, viéc tu danh
gia sai tinh trang cay bénh va st dung thuéc mét cach bira
bai, thuéc kém chat luong sé kéo theo nhiéu hé luy vé chat
luong clia néng san, thiét hai kinh té€ khéong dang co6 va gay
ra tinh trang & nhiém méi trudng. Chinh vi vy, nham déi
pho véi nhiing thach thuc trén, viéc Ung dung tri tué nhan
tao cling nhu tan dung su phat trién manh mé cda dién
thoai thdng minh cung nhiing tinh nang vugt trdi (camera
HD tién tién, bd vi xr ly manh mé..) dé tao nén mot
“chuyén gia ndng lam nghiép di dong” la cap thiét.

Qua trinh giai quyét bai toan bat dau bang viéc thu thap
va tién xar ly cac bo di liéu thuc nghiém lién quan t6i bénh
cay tréng, dac biét tap trung vao cac bénh phd bién gay ra
nhiéu kho khan trong viéc nhan biét va diéu tri. Ti€p dén la
nghién cdu va dp dung ky thuat tri tué nhan tao dé nhan
dang va phan loai bénh. M6 hinh cta hé théng phan loai sé
gém hai thanh phan chinh:

- Mé hinh trich xuat dac trung (Feature Extractor): dac
trung (feature) 1a nhiing thudc tinh quan trong va doc nhat
clla mot buc anh. Viéc trich xuat cac dac trung can dugc
thuc hién bang mét thuat toan phu hgp nham dat dugc két
qua tét nhat tai mo hinh phan 1&p. Mang no ron tich chap
CNN |a mét lua chon tiéu biéu cho van dé trén vai kha ning
loc nhiéu, gidm s6 chiéu trén anh va c6 thé tu déng hoc
cach trich xuat cac dac trung phuc tap bang cach st dung
nhiéu bo loc khac nhau trong qua trinh huan luyén.
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« M6 hinh phan I6p (Classifier): Sau khi trich xuat cac dac
trung, cac ky thuat hoc mdy dua trén co sé& todn hoc chat ché
dugc ap dung dé xay dung mét bd phan 16p cac bénh cay
tréng. Nghién cru cla nhom sé tap trung vao 2 thuat toan
KNN va SVM trong viéc xay dung moé hinh phan 16p.

Phan ti€p theo cla bai bao cé ciu tric nhu sau: Phan 2
sé gidi thiéu cac mé hinh giadi quyét bai toan. Trong phan 3,
ching t6i sé trinh bay mét s6 két qua thuc nghiém ciing
nhu hé thong demo da xay dung dugc va cudi cung phan 4
dugc danh dé dua ra mot s6 két luan.

2. MOT SO MO HiNH DE XUAT
2.1. M6 hinh mang no ron tich chap (CNN)

Hiéu qua ctia m6 hinh CNN phu thudc chu yéu vao kién
trdc clla mang. Trong phan nay, nhdm tac gia sé gigi thiéu
mot kién trdc mang nao ron tich chap dugc st dung nhu mot
bd trich xuat thudc tinh. Muc tiéu la s&t dung moét mang
khéng qua phuc tap nhung vua dd cho cac muc dich trich
chon dac trung va cat gidm sé chiéu cta anh. M6 hinh dugc
dé xuat (Hinh 1) bao gém 5 khai chinh véi 5 I6p tich chap
(Convolutional layer). L&p tich chap c6 s6 luong céc bd loc
(Filter) dugc dé xuat lan luct la 32, 64, 128, 256 va 512.
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Hinh 1. M@ hinh mang na ron tich chap dugc dé xuat
2.2. M6 hinh SVM

Trong phan nay, nhém tac gia trinh bay vé mé hinh
SVM. Xét bai toan phan I&p nhi phan. Cho truéc moét tap di
lieu huan luyén gém n mau:

X:{(X‘|,y1)l (X21 yz)l'“l(xnl Yn)} e RnXd+1l

trong do, x, la mét véc to trong khéng gian R? va
y; € {~1,1} 13 tap cac nhan 1&p. Mét siéu phdng phan tach
tdp X thanh hai mién c6 dang:

(W, X)+b=0

véi w € R? va b € R. Muc tiéu cla bai toan huan luyén

SVM la tim ra mét siéu phdng phan tach “t6t nhat” tap X
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theo nghia la 1€ clia siéu phdng (margin) dat cuc dai. D€ tim
dugc bo (w, b) nhu vy, mé hinh SVM can giai mét bai toan
quy hoach tuyén tinh dang toan phuong. Chi tiét ciia mé
hinh, xin xem trong [1, 2, 4].

2.3. Mé hinh hoc chuyén ti€p DSVM

M6 hinh 1a su két hgp ctia mang no ron nhan tao CNN
va SVM, tuy nhién qua trinh hudn luyén cia CNN va SVM
dugc tach rgi. Trong d6, md hinh CNN déng vai trd nhu mét
b trich xuat dac trung cé nhiém vu loc nhiéu, trich rat dac
trung va giam s6 chiéu trén dit liéu dnh dau vao. Véc to dac
trung thu dugc ti mé hinh nay dugc xem nhu dau vao clia
mo hinh SVM da 16p. Su két hgp nay dugc ky vong sé tan
dung dugc uu diém cla cd hai mé hinh khi ma CNN thuc
hién viéc trich chon dac trung rat hiéu qua trén anh, trong
khi SVM lai c6 dé chinh xac phan 16p t6t néu di liéu dau
vao dugc tién xt ly hiéu qua.

Pé stt dung mang no ron dugc dé xuat & hinh 1 cho mé
hinh hoc chuyén ti€p DSVM, trudc tién mang CNN dugc
huan luyén vai day du cac budc. Qua trinh ti€p theo dugc
thuc hién nhu sau: M6i anh dau vao dugc dua qua mang
CNN da dugc huan luyén & trén nhung bd di hai I6p cudi.
Pau ra ctia mang sau dé dugc luu lai dudi dang véc to dac
trung 512 chiéu. Trong pha tiép theo, véc to dac trung nay
dugc chuyén ti€p tdi mdt mé hinh SVM st dung chién lugc
phan da I6p one vs one va déng vai trdo nhu dau vao cla
mo hinh nay. Hinh 2 duéi day minh hoa mot cach truc quan
hon moé hinh DSVM.
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Hinh 2. Mé hinh hoc chuyén ti€p DSVM
2.4. M6 hinh hoc chuyén tiép DKNN

Ung dung clia thuat toan K-NN trong bai toan phan I16p
la xac dinh k déi tugng trong tap di liéu huan luyén sao
cho gan véi d6i tugng can phan 16p nhat. P& xac dinh cac
déi tugng gan nhat, thuat toan K-NN tinh khoang cach gilta
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2 d6i tugng x va y bang mét dé do phu hgp. Thong thudng,
ta c6 thé str dung doé do Euclidean nhu sau:

dx,y) =

trong do: x, y la cac mau di liéu va n la s6 chiéu ctia x vay.

Tuong tu nhu mdé hinh DSVM dugc trinh bay & trén,
ching t6i dé xuat mé hinh hoc két hgp DKNN. Trong dé,
mo hinh CNN cling dugc st dung nhu bd trich rat dac
trung di liéu anh dau vao, tuy nhién thuat toan KNN sé
dugc ap dung thay cho SYM dé thuc hién phan 16p.

3.MOT SO KET QUA THUC NGHIEM

Cac mé hinh dugc nhém nghién cltu tién hanh thuc
nghiém trén moéi trudng Google Colab véi ngon ngir lap
trinh python. Google Colab hé trg GPU Tesla T4 trong 12
gio st dung lién tuc gidp qua trinh huan luyén cac mé hinh
dién ra nhanh hon. Nhém s dung tha tuc 5-fold cross
validation dé tinh ra két qua trung binh clia méi mé hinh
vGi méi bo dir liéu huan luyén nham dua ra dugc két qua
phan I6p tin cdy nhat.

Dau tién, mang no ron tich chdp nhom dé xuat & trén
dugc huan luyén va phan I6p trén cac bo di liéu. Cac két
qua nhan dang clia mang nay dugc coi la két qua ctia mé
hinh CNN riéng 1& va dugc dung dé so sanh véi mé hinh
hoc chuyén tiép DSVM. Cac tham s6 cho mé hinh DSVM
dugc xac dinh nhu sau: Tham s6 diéu chinh C dugc chon
lan lugt trong tap {107, 1, 10}. Ham nhan dugc st dung la
Gaussian Kernel hay Radial Basic Function (RBF) v&i tham s6
o dugc chon lan lugt trong tap {10°%, 10%,10* 103, 102 107}
VGi m6 hinh K-NN, tham s6 K dugc chon trong khoadng
[1, 40] @€ tién hanh thuc nghiém.

3.1. Dt liéu thuc nghiém

Qua trinh thuc nghiém dugc tién hanh trén hai bo di
liéu bénh cay trong. Trong d6, bé HDN_Disease do chiing
toi ty thu thap, bo dir liéu con lai la PlantVillage[3] dugc thu
thap qua Internet. Chi tiét ctia cac bo dit liéu xin xem trong
bang 1.

Bang 1. D{ liéu thuc nghiém

I S6loai | Sgloai | S6 | S6 | Kichthudc
Dit liéu . . x A .
cay bénh | mau lop (pixel)
HDN_ Disease 8 16 1925 17 128x128x3
PlantVillage 14 26 3899 39 128x128x3

3.2. Két qua thuc nghiém

Nh&m kiém tra tinh n dinh ciing nhu t6c dé hoi tu cta
mo hinh CNN dugc dé xuat & trén. Chang t6i tién hanh thu
nghiém mé hinh nay trén bo di liéu PlantVillage, chi tiét bo
dit liéu xin xem trong [3]. Hinh 3 va 4 Ian lugt biéu thi d6
chinh xac phan I6p va gia tri ham tén that qua cac lan lap
(Epochs) trong qua trinh hudn luyén.

Accuracies vs Epochs
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Hinh 3. D4 chinh xac phan [6p cia CNN qua cac Ian lap (Epochs)

Losses vs Epochs

30

-~ Taining Fold 1

TFaining Fold 2

25 Taining Fold 3

- Training Fold 4

20 Taining Fold 5
15
10
05
0.0

0 20 40 60 80 100

Hinh 4. Gid tri ham ton that cda CNN qua cac lan Iap (Epochs)

Cac két qua cho thay qua trinh huédn luyén dugc dién ra
én dinh, khéng con hién tugng gidm dét ngot (drop) cla
Accuracy sau 40 epoch trén b6 dir liéu PlantVillage.

Ti€p theo la két qua tht nghiém clia cac mé hinh CNN,
DSVM, DKNN trén dé do Accuracy. Chi tiét cac s6 liéu dugc
thé hién trong bang 2 va 3.

Bang 2. g chinh xdc phan I6p cta cdc mo hinh trén do do Accuracy

Dit liéu HDN_Disease PlantVillage
Ma hinh Trainingset | Testset |Trainingset| Testset
(NN 99,79% 84,94% 99,94% 95,54%
DKNN 100% 96,62% 98,53% 98,03%
DSVM 100% 97,82% 100% 99,15%
Bang 3. Thai gian huan luyén va thi gian phan ldp cia cdc mé hinh
Ditliéu HDN_Disease PlantVillage
Training Testing Training Testing
Mo hinh time time time time
(s) (s) (s) (s)
(NN 1132.78 0.82 1399.04 1.35
DKNN - 0.05 - 0.19
DSYM 0.22 0.13 0.94 0.77

C6 thé thay rang: M6 hinh CNN dugc dé xuat dam bao
dugc @6 chinh xac phan I6p t6t vai dé chinh xac phan 16p
dat hon 95% trén bo dir liéu kiém tra PlantVillage va hon
84% trén bo di liéu kiém tra HDN_Disease.
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M6 hinh DKNN c6 két qua thuc nghiém tuong déi tét VGi muc tiéu xdy dung mot Ung dung di dong véi chuc
trén ca 2 bo di liéu khi dat d6 chinh xac phan 16p I6n hon  nang chinh la nhan dang bénh cay trong qua dir liéu hinh
96%, va t&t han CNN trén ca hai bo dir liéu kiém tra. anh nhan dugc tu ngudi dung, tir dé dua ra gidi phap cling

Cudi cung 1a kha nang phan I6p tét nhat ciia mé hinh nhu céc théng tin quan trong lién quan’tdi bénh cay va co
DSVM khi dat d6 chinh xac I6n hon 97% trén t4t ca cac bo ~ 9ia0 dién nguoi dUpg than thién, tinh té, dé sir dung va c6
dif lieu va t6t hon céc két qua thu dugc clia cac mo hinh  ti€m nang phat trién thanh tng dung di dong thuong mai
khac. trong tuong lai nén chiing téi quyét dinh nghién ctu va s
dung 2 framework la Flutter va Flask. M6t s6 hinh anh giao

Ca ba md6 hinh déu cé thai gian huan luyén va thai gian dian xin dudc trinh bay qua cac hinh 5 - 7.

phan 16p chdp nhan dugc. Trong d6, DKNN thé hién kha

ndng thuc thi nhanh nhat véi thai gian huan luyén va thoi He th6ng~th'fr“nghiAém, st dung md hinh hoc f:hijén tAié'p
gian phan I6p déu t6t hon rat nhiéu so vdi chi s6 nay cia  DSVM nhu da gidi thiéu 6 phan trén va c6 thé xrly 16 bénh
cac mé hinh khac. thudc vé 8 loai cay khac nhau.
3.3. Hé thdng chan doan bénh cay tréng 4.KETLUAN
Mg - N 28 il 63% 8 0508 T N 2O i 74% 80632 Trong bai bao nay, chidng téi da gidi thiéu mét s6 mé
HDNfrs © ¢ ketquadydoan hinh hoc mdy tng dung cho hé thdng chan doéan bénh cay
tréng trong néng nghiép. Cac két qua thuc nghiém cho
T © @ N ©) Altarnatial safElight thay cac mé hinh hoc chuyén tiép dugc gidi thiéu té ra kha
Dvachut Cachua T Nho I::r:;?::?dbngm P — hiéu qué trong viéc chdn doan bénh cay trong ca vé dé
& & ¥ o a— chinh xac cling nhu thai gian thuc thi.
proitd ol B ' Chung t6i cing gidi thiéu mét ing dung di dong thi

nghiém trong dé st dung mé hinh DSVM dé giai quyét bai
toan chan doan bénh cay tréng qua hinh anh. Hé théng c6
thé thuc thi tét trén di liéu thuc va thu dugc nhiing két qua
nhan dang vai dé chinh xac chdap nhan dugc. Hé théng nay
cling c6 kha nang ma rong khi két hgp véi flycam dé thu
dugc cai nhin bao quat vé tinh trang stic khée clia vudn cay
cling nhu hé trg tu van giai quyét dich bénh tur xa.

Kiém tra bénh cay trong
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