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TOM TAT

Sau riéng dugc ménh danh 1a “Vua cua cac loai trai cay”, l1a cay an qua nhiét doi lau
nam c6 gia tri kinh té cao va dugc trong phd bién ¢ Viét Nam. Tuy nhién, cdy sau riéng
dé& bi cac bénh trén 14, anh huong dén strc khoe va nang suat. Phat hién sém va chinh x4c
bénh dya trén hinh anh 14 déng vai trd quan trong trong viéc didu tri gitip cai thién ning
sut cay trong. Trong bai bao nay, chung t6i dé xuét k§ thuat nhan dién, phan loai anh dua
trén kién tric mang MobileNetV3, InceptionV3 va VGG19. M6 hinh duoc huan luyén
trén tap dir liéu anh ctia 4 loai 14 sdu riéng: bénh chdy 14, bénh d6m rong, bénh dém 14 va
14 khong bénh, trong tong s6 hinh anh thu thap dugc 1a 8682 hinh. Két qua cho thiy do
chinh xdc ctia mé hinh dé xuat 1én dén 95.87%. Nhu vay, két qua nghién ctru co thé giup
cho nha nong xac dinh bénh nhanh, chinh xac va diéu tri kip thoi, gop phan nang cao ning
sut va lgi nhudn tir cdy siu riéng.

Tir khéa: Sau riéng, bénh trén 14, MobileNetV3, InceptionV3, VGG19

ABSTRACT

Durian, known as the “King of Fruits,” is a valuable tropical fruit tree widely
cultivated in Vietnam. However, it is susceptible to leaf diseases that affect its health and
productivity. Early and accurate disease detection based on leaf images is crucial for
effective treatment and yield improvement. This paper proposes a technique for leaf image
recognition and classification using the MobileNetV3, InceptionV3, and VGGI9 deep
learning architectures. The model is trained on a dataset of leaf images from four types
of durian leaves: leaf scorch disease, brown spot disease, leaf spot disease, and healthy
leaves. The dataset comprises a total of 8682 images. The results demonstrate that the
proposed model achieves an impressive accuracy rate of 95.87%. These research findings
can assist farmers in promptly and accurately identifying diseases, leading to timely
treatment and ultimately enhancing the productivity and profitability of durian cultivation.

Keywords: Durian, leaf diseases, MobileNetV3, InceptionV3, VGGI19.
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1. MO DAU

1.1. Gioi thi¢u bai toan

Sau riéng 1a loai trai cdy nhiét déi
duoc yéu thich tai Pong Nam A, dic biét
la Viét Nam. Vi huong vi thom ngon, gia
tri dinh dudng cao, siu riéng duoc ménh
danh 1a “Vua cua céc loai trai cay” va dong
g6p quan trong cho nén kinh té nudc ta.
Nhu cau tiéu thy sau riéng ngay cang ting,
thuc day dién tich trong va san lugng sau
riéng gia ting. O Viét Nam, trong nim
2023, theo Té)ng cuc théng ké dién tich sau
riéng chiém 76.6 nghin ha voi san luong
dat 1185.5 nghin tin va c6 kim ngach xuat
khau 14 2.1 ty USD theo thong tin tir Tong
cuc Hai quan. Tuy nhién, sau riéng dé bj
cac bénh trén 14, anh hudng dén ning suét
va chat luong qua. Cac loai bénh pho bién
nhu ddm 14, d6m rong, chay la, chét ngon,
than thu... gy thiét hai l6n cho nguoi nong
dan. Phat hién som va chinh xac bénh dua
trén hinh anh 14 1a yéu t4 then chét dé kiém
soat va phong trtr bénh hiéu qua. Viéc nay
giup nguoi néng dan ap dung cac bién
phap xtr Iy kip thoi, ngén chan sy lay lan
va giam thiéu thiét hai. Hién nay, viéc nhan
dién bénh trén 14 sau riéng chi yéu dya vao
kinh nghiém thuyc té, chua c6 su hd tro cia
cong nghé gay mat thoi gian, c6 thé thiéu
chinh x4c va khong kip thoi. Dé giai quyét
duoc han ché nay, nghién ctru ting dung
mang hoc sau trong nhan di¢n méot s6 bénh
pho bién duya trén hinh anh 14 sau riéng 1a
huéng di méi day tiém nang va thiét thuc
cho nong dan trong su riéng.

1.2. Nhirng nghién ciru lién quan

Pé tai nghién ciu ciia Sheenam va
Abhay Kumar [1] d& xuit mot phuong
phap tiép can dya trén CNN nang cao dé
tw dong phat hién cac bénh trén cay ca
chua bang cach sir dung no-ron tich chap
(CNN) hiéu qua. Céc nha nghién ctru da
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huén luyén m6 hinh CNN trén mot tap dir
liéu 16n vé hinh anh ciy ca chua véi cac
16p duoc sira ddi dé phan loai chiing thanh
cay khoe manh hodc cdy bi bénh. Phuong
phap dé xuat dat do chinh xéc trén 91.66%
trong viéc phat hién 3 bénh phd bién trén
ca chua 13 bénh mbc suong som, bénh mbc
swong va bénh dém 14 Septoria. Jay Al
Gallenerova cong su [2] da su dung mang
than kinh chuyén d6i MobileNet, mot mo
hinh duoc hudn luyén trudc du kha ning
xur 1y truc quan va s& giup giam dang ké
thiét hai kinh té lién quan dén cac bénh nhu
dém tao, chay 14, dém 14, 14 khoe. Tong
cong c6 bay muoi lim (75) mau duoc
phan tich va st dung ma trdn nham lan
dé tinh toan d6 chinh xac cta hé théng, la
93.333%. Nho d6, k¥ thuat xac dinh hi¢u
qua céc loai bénh trén 14 siu riéng noi trén.
Nghién ctru cua tac gia Rodica Gabriela
Dawod va Ciprian Dobre [3] di dé& xut
va huan luyén vé phuong phap giai doan
ResNet ap dung trong phan loai bénh trén
la cay huong duong cling da dat do chinh
x4c rat cao 98.02%. N. A. H. A. Halim, S.
Suhaila, N. S. A. M Taujuddinl, R. Hazli
[4] d3 dé xuat va nghién cru vé nhan dang
loai cdy sau riéng dya trén 14 siu riéng trén
thiét bi di dong thuc hién béng TensorFlow
Lite cung cap quy trinh phat trién cho mo
hinh CNN v&i két qua mé hinh ¢6 d6 chinh
xac 1a 86.00% khi huin luyén, 77.78%
khi xac thuc va 66.67% khi kiém tra. AL.
Sabarre va cong su [5] dd phat trién tinh
ning phat hién bénh trén 14 sau riéng trén
thiét bi Android va xay dung mot tng dung
di dong doc 1ap co thé phén loai cac bénh
trén 14 sau riéng bang phuong phap hoc
chuyén giao ing dung va moé hinh CNN
MobileNets duge huan luyén lai. B6 phan
loai ¢ thé phat hién chinh xac 36 trong sb
40 mau voi do chinh xéac tong thé 1a 90%.
Shivani Machha va cong su [6] da st dung
mang ludi CNN véi mé hinh da duge huin
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luyén dé xac dinh bénh trén la cay. Phat
hién nhiéu loai bénh trén 14 cay nhu bong,
mia, lia mi, nho. D& li¢u dugc xtr 1y va
hudn luyén trén kién trac CNN. Thuat toan
MobileNet dugc str dung dé huan luyén dir
liéu. Lap trinh Python cung véi thu vién
Tensor flow/Keras dugc su dung dé thao
tac phan loai bénh 14. M6 hinh dugc xay
dung trén Colab véi d chinh xac 97.33%.

1.3. Pic diém cia siu riéng

Sau riéng, loai cdy an qua nhiét d6i lau
nam, mang lai gié tri kinh té cao va thu nhép
bén vitng cho nguoi noéng dan. Cay duoc
trong rong rii ¢ khu vuc Déng Nam A,
trong d6 c6 Viét Nam. N6i tleng voi huong
vi doc ddo va mui thom nong nan, sau

riéng dan tré thanh mot loai trai cay dugc
ua chudng. Tuy nhién, vi¢c trong sau riéng

a) Chay la

b) Pém la
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cling gip nhiéu thach thirc do céc loai sau
bénh gy hai. N6i bat 1a hon 10 loai sdu hai
nhu sau duc canh, duc trai, nhén do, bo tri,
tuyén trung,... Vé cac loai bénh, ngoai bénh
xi mu c6 kha nang huy hoai ca vuon cay,
sdu riéng con dé bi tin cong boi cac bénh
nhu chay 14 do nim Rhizoctonia solani,
d6m 14 do nAm Phomopsis durionis, va dém
rong do tdo Cephaleuros virescenns,...V&i
ddc diém thyc vat hoc 1a ra trai trén canh,
bo 14 dong vai trd vo cing quan trong ddi
v6i sau riéng nén chét luong va ning suat
clia vudn cdy déu phu thude vao sirc khoe
cua bd 1a. Do do, viéc phat hién sém cac
loai bénh trén 14 dua trén strc khde va hinh
anh cua 14 1a yéu td then chét dé kiém soat
hiéu qua va giam thiéu thiét hai kinh té cho
ngudi trong.

¢) Pém rong d) Lé khéng bénh

Hinh 1. Hinh anh Id sdu riéng

1.4. Vai tro cia hgc sau trong nhén
di¢n bénh trén 14 siu riéng

K§ thuat hoc sau va may hoc da dong
mat vai tro quan trong trong linh vuc ndng
nghiép dé nhan dién, phan loai va phat hién
bénh théng qua hinh anh 14 trén cdy trong,
trong d6 ¢ cdy sau riéng, dong thoi cung
cip cac phuong tién phat hién bénh trén
cdy trong v6i chi phi thap, nhanh chong va
dang tin ciy. Hoc sau cho phép hé thong tu
dong phan tich hinh anh 14 su riéng, trich
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xut cac dic trung lién quan dén bénh. Céc
mang CNN c6 thé hoc cac dic trung nhu
mau sic, két cau, hinh dang cua céc loai
bénh. Nho kha nang hoc céac dac trung phure
tap va mdi quan hé giita cac dic trung, hé
théng nhéan dang bénh dua trén hoc sau co
thé phan biét cac loai bénh khac nhau trén
14 sau riéng mot cach chinh xac hon. Tt do,
giup nguoi nong dan phat hién bénh sém,
c¢6 bién phap phong trir kip thoi, han ché
thi¢t hai, nang cao nang suét va chat luong
qua sau riéng, ting thu nhap.
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1.5. CAc mang no-ron trich xuat
dic trung

1.5.1. MobileNetV3

MobileNetV3 [7] 1a mét trong nhiing
mang CNN duoc thiét ké dac biét dé dat
dugc can bang gitra hidu suat va tai nguyén
tich hop. Puoc phat trién boi nhoém nghién
cuu tai Google Al; MobileNetV3 la phién
ban tiép theo ctia chudi mang MobileNet,
nham t6i wu hoa hiéu ning va hiéu qua
trong viéc trién khai trén cac thiét bi di
dong va dat dugc hiéu suét vuot troi so
v61 cdc md hinh di dong hién dai khac
trén nhiéu nhiém vu nhan dang hinh anh,
bao gdm phan loai hinh anh, phat hién dbi
tuong va phan doan anh.

1.5.2. InceptionV3

InceptionV3 [8] la mot trong nhiing
mang no-ron noi tiéng, mot trong nhimng
phién ban cua Inception (m6é hinh mang
CNN dac biét dugc nghién ctiru boi Google
nam 2014 tham du cudc thi ImageNet) co
g'?m 24 triéu tham s6, do sau 48 16p c6 kha
nang giam dang ké kich thudc dau vao cua
16p tiép theo va dugc huan luyén bai 1000
16p dir liéu tir ImageNet. InceptionV3 su
dung cac khdi Inception dé cai thién hiéu
qua va tbc do cua mang no-ron. Cac khdi
Inception bao gém cac bo loc ¢o kich thudc
khac nhau dé trich xuat cac dic trung hinh
anh & nhiéu thang do khac nhau gitip thic
déy su phat trién cta nhan dién hinh anh va
thi gidc may tinh.

L5.3VGGI19

VGG19 [9] 1a mot m6 hinh mang CNN
hiéu quéa cho nhan dang hinh anh quy mo
l6n do hai nha khoa hoc Simonyan va
Zisserman cua truong dai hoc Oxford xay
dung va huan luyén gém 19 1p (16 16p
tich chap va 3 16p két ndi day du). Trong
cugc thi ILSVRC nam 2014, VGGI19 da
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dat dugc thir hang déng kinh ngac nhu:
hang nhat ¢ hang muc dinh vi toa do vat
thé va hang nhi & hang muc phan loai hinh
anh. Kién trac mang nay c6 khoang 143
triéu tham sd, trong d6 céc tham s6 duoc
hoc tir bg dir liéu ImageNet chira 1.2 triéu
dbi tuong chung ctia 1000 loai dbi tuong
khac nhau dé huén luyén. Uéc tich chap
duogc cb dinh 1 pixel cho dém khong gian
(spatial padding) ctia dau vao 16p tich chap
sao cho do phan giai khong gian dugc bao
toan sau khi tich chap. BPém khong gian
duoc thyc hién boi nam 16p tong hop tdi
da (max pooling) theo sau mot sb 16p tich
chap. Max-pooling dugc thuc hién trén ctra
s6 2x2 pixel voi budc truot (stride) 1a 2.
Tiép theo 1a don vi tuyén tinh chinh luu
(Rectified linear unit (ReLu)) dé lam cho
mo hinh phén loai tot hon va cai thién thoi
gian tinh toan vi cdc mo hinh trude do su
dung cac ham tanh hodc sigmoid.

1.6 Cac d¢ do danh gia mo hinh

bé xac dinh trong s6 cho biét hiéu qua
ctia cac md hinh thi céc thong sb precision,
recall, Acc va F1-score dugc xac dinh béng
cac cong thuc tur (1) - (4). Trong do6, TP
(true positive) 1a tong sé anh cua 16p dang
xét dugc phan loai dung, FP (fault positive)
1a tong s6 anh phén loai sai vao 16p dang
xét, TN (true negative) 1a tong sd anh cua
16p khéc dugc phan loai dung, FN (fault
negative) 1a téng s anh cua 16p dang xét
bi phan loai vao 16p khéc, Accuray 1a do
chinh xac ciia mo hinh [10].

Precision = mx 100% (1)
TP

Recall = mx 100% (2)
TP+TN

Accuray = TP+FP+INT FN)X 100% (3)

Precision x Recall

F1-— =2
score X Precision + Recall

TAP CHi KHOA HOC | 71550



JOUPnal 01( Science - V L U T E

Pé danh gia do mat mat (ty 1é tién doan
161), chiing toi sir dung do do Loss. Po do
Loss dugc tinh bang cong thirc s6 (5) sau
khi c¢6 dugc cong thic s6 (3) va (4).

Loss = \]%Z:l(ﬂ- -R)?% (5

2. KET QUA NGHIEN CUU
2.1. Phwong phap dé xuit

Trong nghién clru nay, st dung
phuong phap hoc chuyén giao dua trén
ky thuat hoc sdu voi ba mdé hinh mang
dé xuat 1a MobileNetV3, InceptionV3 va
VGG19 dé nhan dién mot s6 bénh phd
bién trén cdy sau riéng nhu: chay 1a, ddbm
1a, dm rong va 14 khong bénh thong qua
hinh anh thé hi¢n trén 14 va so sanh, lya
chon mo hinh t6t nhit trong ba mé hinh
d3 dé xuat. M6 hinh d& xuit gom 2 giai
doan 1a huan luyén (training) va kiém thir
(testing). Chi tiét cua cac giai doan duoc
thé hién & Hinh 2.

/ TRAINING Feature Extraction & Training \

Hinh 2. Mé hinh dé xudt nhédn dién mét sé bénh phé
bién trén cdy sdu riéng
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2.1.1. Huén luyén mé hinh

O giai doan tién xir 1y, chiing toi thuc
hién chuén hoa kich thude anh thanh 224 x
224 pixel, day 1a kich thudc phu hop dé tao
ban va tir hinh anh dau vao. Sau d6, chiing
t6i tién hanh ting cuong dit liéu bang cach
xoay, 14t anh ngiu nhién, cit xén, thay doi
do sang cua anh va gan nhan cho dir ligu.
Sau qua trinh tién xir 1y dir liéu, ching toi
tién hanh rat trich dic trung cac dic diém
ctia cac loai bénh trén anh 14 sau riéng thu
thap duoc va tién hanh huan luyén bang
phuong phap hoc sdu gdm cic md hinh
MobileNetV3, InceptionV3 va VGGI19
nhu d trinh bay & phan mé hinh dé xuit &
trén (Hinh 2).

2.1.2. Kiém thir

O giai doan kiém thtr, dit liéu dau vao
s€ 1a tap dir li¢u hinh anh dugc mo ta trong
phén 2.2.2 dé nhan dang va phan loai bénh
14 sau riéng. O qua trinh tién xi 1y, anh dau
vao s& duge chuan hoa vé kich thude thanh
224 x 224, sau d6 s& tién hanh dua qua mé
hinh d duoc huin luyén dé tién hinh dy
doan. Két qua kiém thir s& dua ra mot trong
bbn két luan 1a: chay 13, dém 14, ddm rong
hodc 14 khong bénh.

2.2 Két qua thye nghiém

2.2.1. Cac kich ban ap dung

Dé tién hanh thuc nghiém cho mé hinh
de xuat, chtiing t6i thyc hién ba kich ban nhu
trong Bang 1 v6i cac tham sb hudn luyén:

Bang 1. Cac kich ban dugc dé xut va cac tham s6 huan luyén

Kich N . Activation
ban Kién trac mang | Epochs | Learning rate | Input shape Function
1 |[MobileNetV3 100 le-5 224x224 Softmax
2 |Inception 100 le-5 224x224 Softmax
3 | VGGI19 100 le-5 224x224 Softmax
TRUBONG DAl HOC SU PHAM KY THUAT VINH LONG 117
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2.2.2. Moéi trwong cai dat va tap dir
liéu thuwe nghiém

a. Moi truong cai dat: Hé théng duoc
cai dit bang ngon ngit Python va chay trén
cung mot mdi truong Google Colab Pro
(T4 GPU). Thu vién hd trg huan luyén mo
hinh mang str dung 1a Tensorflow va Keras.

b. Tap dir lieu thuc nghiém: Tap dir
liéu duge ching t6i thu thap vé tir trang
roboflow.com va chup tir cac vuon sau
riéng & Vinh Long vao nam 2023. Tap dir
lidu bao gdm 3256 hinh anh véi kich thudc
hinh anh khac nhau. Sau khi sir dung cac
thuat todn tang cuong ditr liu, ching to1
c6 tong cong 8682 anh. Sir dung 80% cho
tap hudn luyén mo hinh (6957) va 20% cho
kiém thtr mé hinh (1725). Cac hinh anh &
dinh dang JPG, JPEG va dugc phan loai
thanh bén loai: chay 14, dém 14, dém rong
va 14 khong bénh.

2.2.3. Cdc két qud thwc nghiém

a. Do do Loss va Accuracy

Training and Validation Loss Training and Validation Accuracy

ISSN 2681 5-9945

Trong qué trinh huan luyén, ching toi
chon gia tri 224 x 224 cho kich thudc anh
dau vao. Hinh 3 thé hién gia tri Loss va
Accuracy cua céc kich ban 1, kich ban 2 va
kich ban 3. Gia tri validation loss cua cac
kich ban 1an lugt 12 0.5155, 0.2933, 0.6946.
Tuy nhién, kich ban 1, 2 c6 validation loss
thap hon kich ban 3 nhung c6 biéu hién
khong 6n dinh va ¢ nhitng diém ting 1én
cho thdy mé hinh huin luyén chua tdi wu,
c6 thé din dén sai léch trong qua trinh du
doén; ddi voi kich ban 3, gia tri validation
loss tuy cao hon hai kich ban con lai nhung
validation loss va training loss c6 xu hudng
giam déu va song song nhau qua tirng epoch
cho thdy mé hinh hoc tot va khong ¢ dau
hi€u cua hién tuong overfitting. B chinh
x4c clia céc kich ban lan lugt 1a 52.33%,
89.48%, 95.87%. Két qua thuc nghiém cho
th?iy kich ban 3 ¢6 dd chinh xac cao hon
trén tap dir liu dé xuat pht hop cho nhan
dang bénh trén 14 sau riéng trong thyc té.

Training and Validation Loss Training and Validation Accuracy

075+ =&~ Training Loss 060 { ~a= Training Accuracy
Valdation Loss

Validation Accuracy

~#~ Training Loss
= Validation Loss

—#~ Training Accuracy
Validation Accuracy

015

0 5 10 15 0 25 o 5 pUJ 15 20 25
Epochs Epochs

a) Kich ban 1

Training and validation loss

00 25 50 75 100 15 150 15 200 00 25 50 15 100 15 180 1S 200
Epochs. Epochs.

b) Kich ban 2

Training and validation accuracy

—e~ Training accuracy
o~ Validation accuracy

¢) Kich ban 3

Hinh 3. Biéu dé vé dé do Accuracy va Loss ctia kich ban 1,2 va 3
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b. Mét sé két qud thyc nghiém
Mot s6 két qua thuc nghiém cua qué
trinh nhan dién va phan loai mgt so loai

Chay_La (99.94%) Dom_La (99.99%)

La_Khong_Benh (99.92%) Dom_Rong (99.66%)

ISSN 261 5-9945

bénh trén hinh anh 1a siu riéng dya trén
mo hinh mang dé xuat dugc thé hi¢n o
Hinh 4

Dom_Rong (97.30%) La_Khong_Benh (91.59%)

Dom_La (99.99%)

Chay_La (99.48%)
|

Hinh 4. Mét sé két qud thu'c nghiém

Qua thyc nghiém da chirng minh hi¢u
qua cao cua mo hinh trong viéc nhan dién
cac loai bénh trén 14 sdu riéng duogc dé xuét.
DPdi voi cac bénh ¢o sy khac biét vé mau
sic, ddc diém, hinh dang va kich thudc, mé
hinh kich ban 3 van cho két qua nhan dang
chinh xéac cao trong céac truong hop khéc
nhau cta tap dir liéu kiém th.

3. KET LUAN

Bai b4o nay trinh bay nghién clru tng
dung phuong phap hoc siu dé nhan dién
mot sb loai bénh phé bién trén 14 sau riéng
thong qua hinh anh. Viéc nhan di¢n mang
y nghia quan trong trong vié¢c giup nguoi
ndng dan xac dinh chinh x4c loai bénh va
diéu tri kip thoi, gop phan nang cao ning
sudt va loi nhuén tir cay sau riéng. Chung
to1 da st dung cac kién trtc mang hoc sau
tiéu biéu hién nay bao gdm MobileNetV3,
InceptionV3 va VGG19 dé so sanh két qua
giita cac kién tric gop phan danh gia va
lwa chon dugc phuong phap pht hop. Két

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG

qua thtr nghiém cho thdy mé hinh VGG19
dat d6 chinh x4c cao nhét 1én dén 95.87%
(so véi mot so nghién ciru 6 lién quan
cho thdy mé hinh VGG19 c6 dd chinh
x4c cao hon nghién ctru cua Sheenam va
Abhay Kumar [1], Jay Al Gallenero va
cong su [2], N. A. H. A. Halim va cong su
[4], AL. Sabarre va cong su [5] lan lugt
12 4.21%, 2.54%, 18.9% va 5.87%). Pong
thoi, chung téi cling xay dung duoc bo dir
liéu riéng biét dé nhan dién mot sd loai
bénh trén 14 siu riéng dua trén hinh anh
ciia chung. Nghién ctru nay khiang dinh
tiém nang to 16n cua hoc sau trong viéc
nhan dién bénh siu riéng. Do chinh xéac va
do tin cdy cao cia mo6 hinh md ra hudng di
mai cho viée ing dung tri tu¢ nhan tao vao
linh vuc nong nghiép. Hudng nghién ctru
tiép theo 1a 4p dung mo hinh trén nhiéu
loai mang khac nhau va mé rong pham vi
nhan dién sang nhiéu loai bénh phd bién
trén 14 va qua sau riéng.
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