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TOM TAT

Phat hién bénh trén trai cay cd mui ndi ri€ng va trén cdy nong nghi¢p néi chung da
va dang duoc rat nhiéu su quan tm nghién ctiru do tAm quan trong cua né trong viéc xay
dung mot nén noéng nghiép bén viing va hién dai. Cac thanh vién trong nhém da thu thap
bo dit liéu hinh anh mot s6 loai bénh gdy hai cho cam trén Kaggle dé phan tich cac loai
bénh va dé xuét cac bién phap ngin ngira cling nhu phwong phap tri bénh tuong Ung.
Nhom tac gia da sir dung mot s6 ki thuat hoc sau (Deep Learning) va thi giac may tinh
(Computer Vision) qua d6 mé hinh hoc may duoc huin luyén trén tap dir liéu 16n cua cac
hinh anh trai cam bi bénh va khong bénh, tir d6 hoc cach phan biét gilta cac trang thai
khac nhau dura trén kién trac mang EfficientNet-B7 va mang Inception-V3. Buéc dau qua
danh gia thir nghiém cho thay két qua dat dugc rt kha thi dé tng dung vao thyc t& nham
du doan cac bénh trén trai cam.

Tiwr khéa: Phan loai bénh trén cam, hoc sau, EfficientNet-B7, Inception-V3

ABSTRACT

Detecting diseases on citrus trees in particular and on agricultural crops in general is
receiving much research attention due to its importance in building modern, sustainable
agriculture. Team members have collected image data sets of several diseases that
damage oranges on Kaggle to analyze the diseases and propose corresponding prevention
and treatment methods. The authors used many of deep learning and computer vision
techniques, through which the machine learning model was trained on a large data set
of images. sick and disease-free oranges, thereby learning to distinguish different states
based on the EfficientNet-B7 and Inception-V3 network architectures. Initial experimental
evaluation shows that the achieved results are very feasible for practical application to
predict diseases on oranges.

Keywords: Orange disease classification, deep learning, EfficientNet-B7,
Inception-V3.
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1. GIOI THIEU:

Viét Nam la mdt nude co nén nong
nghiép phat trién, c6 khi hau nhiét d6i am
gi6 mua vo cung thich hop cho su phat trién
cua nganh cong nghiép cdy an qua. Trong
d6 cam la mot trong nhiing loai cay an qua
duoc trong phd bién ¢ khip Viét Nam, dién
hinh nhu ¢ cac tinh: Ha Giang, Ha Tinh,
Tién Giang, Can Tho, Vinh Long [1], [2],
[3], [4]. Thé nhung, khi hau nhiét d6i am
cling 1a diéu kién thuan loi cho vi khuén,
nam mdc phat trién va 1ay lan nhanh chong
trén cay an trai.

Mot s6 bénh thudng gip trén cam nhur
bénh ghé, vang 1a gan xanh va dom den.
Pay 1a cac loai bénh chu yéu anh huong
dén bé mit da cta trai cam, gy mat tham
mi va gia tri cua trai cam, bénh nang thi
anh hudng nghiém trong dén ning suat ciy
trong.

Hién nay c6 mot s6 rat it hé théng nhan
dang bénh hoc trén cay tréng ciia mot sb
nha nghién ctru trong va ngoai nudc nhu:
Nhén dang bénh trén cdy laa bang phuong
phap hoc chuyén giao béi Nguyén Thai
Nghe [5] hay Creative Common [8] da gidi
thiéu vé mot phuong phap str dung mé hinh
mang DNN két hop mang VGGNet16 dé
phat hién mirc d§ nghiém trong cia bénh
trén trai cdy c6 mui voéi tap dir liu duoc
lay truc tuyén tir PlantVillage va Kaggle.
Do chinh xac ctia mé hinh nay qua kiém tra
trén cac hinh anh dugc lya chon ngau nhién
ddi voi tinh trang trai cay khoe manh, muc
do bénh thép, murc do bénh cao va murc do
bénh trung binh 1a rit cao.

Bai bdo nay dé xuit mot tiép can phat
hién va phan loai mot s6 bénh trén trai cam
vé6i tap dit liéu duoc 1dy tir Kaggle, st dung
mot sd k¥ thuat hoc sau va thi gidc may tinh
dua trén kién trac mang EfficientNet-B7 va
mang Inception-V3.
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2. NOQI DUNG

2.1 Phuong phap nghién ciru

- Céc phuong phap nghién ctru:

Tim hiéu va nghién ctu vé kién
trac mang hoc sau, thi gidc may tinh,
mo hinh mang tich chdp Convolutional
Neural Network (CNN). Nghién ctru vé
cach thtc hoat dong cua cac moé hinh
Inception-V3, EfficientNet-B7. Tim hiéu
cac tai liéu, cac cong cuy, thu vién va thuc
hién chuong trinh.

Tién hanh thu thap bd dir liéu dong
thoi xtr Iy cée dir 1iéu da thu thap dugce, xay
dung mo hinh. Phan chia dir li¢u, str dung
m6 hinh CNN dé trich xuat dic trung, tién
hanh phén 16p va huan luyén mé hinh. Sau
d6 tién hanh phan tich, so sanh két qua va
danh gia cac phuong phép da thuc hién. Tur
d6 danh gid va duara két luan cho mo hinh,
tap dit liéu va cac phuong an can cai thién
cho mo hinh da thyc hién.

- Mang no-ron tich chap

Mang no-ron tich chap CNN [9] la
mdt mo hinh hoc sau c6 thé xay dung dugc
cac hé thdng phén loai c6 kha ning nhan
dang va phan loai hinh anh v&i d§ chinh
xac cao. Mang CNN cho phép nguoi dung
xdy dung nhitng hé théng phan loai va
du doan véi do chinh xac cuc cao. Hién
nay, mang CNN dugc Gmg dung nhiéu hon
trong xur 1y, nhan dién va phan loai hinh
anh. Mang CNN bao gdm cac 16p co ban
sau: lop tich chap (Convolutional), Lép
phi tuyén Relu (Rectified Linear Unit),
16p Pooling va 16p két ndi day du (Fully
Connected Layer).

M6 hinh mang CNN gbém: Input image
-> Convolutional layer (Conv) + Pooling

layer (Pool) -> Fully connected layer (FC)
-> QOutput.
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Hinh 1: Mé hinh mang CNN [8]

- Mang Inception-V3

Inception-V3[10] la mdt mo hinh
hoc sau dya trén mang than kinh chuyén
d6i, duoc sir dung dé phan loai hinh anh.
Inception-V3 14 phién ban cao cp ciia mau
Inception-V1 co ban dugc gidi thi¢u voi tén
GooglLeNet vao nam 2014. Inception-V3
bao gdm 24 triéu tham sb. Toan bo cac 16p
tich chap cua Inception-V3 dugc theo sau
bdi mdt layer batch normalization va mot
ham ReLU Activation. Batch normalization
1a ky thuat chuan hoa dau vao theo ting
minibatch tai mdi 16p theo phan phdi
chuén hoa N(0,1), giup cho qué trinh huan
luyén thudt todn nhanh hon. Inception-V3
gidi quyét duoc van dé thit c6 chai
(representational bottlenecks). Ttc 1a kich
thudc cua cac layers khong bi gidm mot
cach dot ngot. Dong thoi Inception-V3 duge
tinh todn hiéu qua hon nho str dung phuong
phap nhén t6 (factorisation methods).

- EfficientNet-B7

EfficientNet [11] 1 mang than kinh
tich chap tién tién nhat dugc Google
huin luyén va cong bd thong qua bai bao
“EfficientNet: Rethinking Model Scaling
for Convolutional Neural Networks” vao
nam 2019. C6 8 phién ban thay thé cia
EfficientNet (B0 dén B7) va ngay ca phién
ban don gian nhat, EfficientNet-B0, ciing
xuét séc. Véi 5,3 triéu tham sd, n6 dat hiéu

suét chinh xac Top-1 77,1%.

Pbi v6i md hinh mang CNN, cac nha
nghién ctru da di theo hudéng md rong cac
tham s6 cia mang nham cai thién do chinh
xac. Céac tham sb dé mo rong mot mang
CNN la d6 sau (depth), do rong (width) va
dd phan giai (resolution). B¢ sau dugc md
rong bang cich thém vao nhiéu 16p hon.
Do rong 1a s6 kénh hay s6 bo loc duge su
dung & mdi 16p nhan tich chap cua mang.
M6 rong do phan giai twong g vdi vige
taing kich thuéc anh dau vao cho mdi
mang. Con cach tiép can cia md hinh mang
EfficientNet 14 cach tiép can tong hop bang
cach m¢ rong ca ba tham s6 vé do sau, do
rong va do phan gidi cia mang CNN trong
khi van dam bao chi phi tinh toan ciia mang
khong tang 1én qua nhiéu.

- Céc thudc do danh gia mo hinh:

Confusion Matrix (CM) la ma tran
nham 14n, bao gdm mét tap hop cac tiéu
chi nham d4nh gia hiéu qua cia mot mo
hinh phan loai. Xét cac gié tri trong ma tran
nham 14n thu duogc tir két qua phan loai,
cach str dung céc chi s sau: True Positive
(TP), True Negative (TN), False Positive
(FP) va False Negative (FN).

- TP (True Positive): S6 luong hinh
anh bi nhiém bénh ma hé théng di phat
hién chinh xac.

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG




JOLIPI’](]I ol( Science - \/ L U T E

- TN (True Negative): S6 luong hinh
anh khoe manh ma hé théng da phat hién
chinh xac.

- FN (False Negative): S luong hinh
anh khoe manh duogc hé thong xac dinh 1a
trai cay bi nhiém bénh.

- FP (False Positive): S6 lugng hinh
anh bi nhiém ma hé théng di phat hién 1a
khoe manh.

Do chinh x4c (Precision) 1a ti 1€ chinh
xac khi nhan di¢n, thang do do chinh xac
cia du doan. Precision cang cao dong
nghia mo hinh cang tdt, it dwa ra cac du
doan positive sai.

Cong thuc tinh Precision:

Precition = (1)
TP+FP

Recall do luong ty 1€ du bao chinh xéc
cac truong hop positive trén toan bd cac
mau thudc nhom positive. Recall cang cao,
mo hinh cang tdt, it bo sot trong viée xac
dinh dugc tat ca cac mau positive.

Cong thue tinh Recall:
ReCall = ——— )
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- F1 Score la trung binh diéu hoa giita
precision va recall. Do d6 n6 dai dién hon
trong viéc danh gia do chinh xac trén dong
thoi precision va recall.

- F1-Score cang cao, mo hinh cang gioi
cd vé chinh x4c va dg nhay.
Cong thtrc tinh F1 Score:

Precition X Recall

F1Score =2X 3)

Precition+Recall
Do chinh xac-Accuracy giup ta danh
gia hiéu qua du bdo cia mo hinh. BJ chinh
xac cang cao thi mé hinh cang tot. g chinh
xéac dugce tinh bang tong sé cac trudng hop
duogc du bao dung chia cho téng s6 cac
truong hop.

Cong thuce tinh Accuracy:

TP+TN
TP+TN+FP+FN )
Két qua nghién ctru:

Accuracy =

bé giéi quyét bai toan trén nhom tac
gia dé xuét st dung mo hinh tong quat
nhu Hinh 2. M6 hinh tong quat gom 2
giai doan. Giai doan huén luyén va giai
doan kiém thtr duwoc md ta cu thé nhu
hinh sau:

GIAI DOAN
HUAN LUYEN

Pretreatment)

B1
Tidn 0k 1% Aok Xeich chon B3
(Data g, ooms Hudn laxén Mo hinh
Frefreatment) (Features (Training}
Extraction)
PHAN LOAI
Bl S Loét vi khuin
Titn x5 = Xrich chon B3
(i: E e dac trung Eét aud

(Features
Extraction)

(Resulis)

Hinh 2: Mé hinh dé xudt phdt hién mét sé bénh trén cam

Giai doan dao tao mo hinh:

Dit liéu hinh anh thudng can duoc xir
ly trude khi sir dung cho viéc huan luyén.
Diéu nay bao gdm viéc chuin hoa hinh anh,
diéu chinh kich thuéc anh, loai bé anh md
khong dat tiéu chuén, stra tén, tién hanh gan
nhan va phan loai dit liéu. Sau d6 tién hanh

rat trich dac trung véi hai mo hinh mang 1a
Inception-V3 va EfficientNet-B7 nhu da dé
cap ¢ trén, tiep do 1a huan luyén mo hinh.
Giai doan kiém thir:
Dit liéu dau vao sé& 1a tap dit liéu hinh
anh dugc mo ta ¢ phan 2.2 sau do dua qua
cac mo hinh mang tir giai doan th{r nhat dé
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du doéan phat hién mot s6 bénh trén cam.

2.2. Két qua thwe nghiém:

ISSN 261 5-9945

Dé tién hanh thyc nghiém cho mé hinh
da dé xuat, nhom tac gia thyc hién 2 kich
ban véi tham s6 huan luyén nhu sau:

Céc kich ban ap dung:
Bang 1: Cac kich ban dwoc dé xudt va cdc tham s6 hudn luyén
Kich Mang huén Mang trich xuit - Kich thuée | S6
N " c Ti 1€ hoc x .
ban luyén dac trung T mau lop
1 Inception-V3 Inception-V3 0.001 32 4
2 | EfficientNet-B7 EfficientNet-B7 0,0001 16 4

MGoi trwong cai dat va tap dir liéu
thuc nghiém:

Méi truong cai dat: Hé thong duoc
cai dit bang ngdn ngit Python va chay trén
cung mot mdi truong Google Colab. Thu
vién hd trg dao tao mé hinh mang su dung
la Tensorflow va Keras.

Tap dir lieu thuc nghiém: Dt liéu dugc
nhom tac gid thu thap 1a bo dir liéu Orange
diseases dataset duoc phat trién dé xay

dung cac thuat toan hoc may va hoc sau
nham thuc hién viéc phan loai bénh trén
cam. Trong tap dir liu nay c6 16p cam tuoi
va ba loai bénh khéc, bénh loét vi khuén,
d6m den va bénh vang 1a trén cdy c6 mui,
bao gébm: 201 hinh anh vé bénh loét vi
khuan, 206 hinh anh vé bénh dém den, 369
hinh anh vé bénh vang 14 gan xanh va 388
hinh anh vé nhitng qua cam khoe manh.

- Cac két qua thwe nghiém:

Bdng 2 : Thé hién cdc gid tri danh gid mé hinh Inception-V3

precision recall F1-Score Support
Fresh 0.9951 0.9951 0.9951 206
canker 0.9950 0.9950 0.9950 201
blackspot 1.0000 1.0000 1.0000 388
greening 1.0000 1.0000 1.0000 369
accuracy 0.9983 1164
macro avg 0.9975 0.9975 0.9975 1164
weighted avg 0.9983 0.9983 0.9983 1164
Bang 3: Thé hién cdc gid tri danh gid mé hinh EfficientNet-B7
precision recall F1-Score Support
Fresh 1.00 1.00 1.00 78
canker 0.92 0.97 0.95 36
Blackspot 0.98 0.94 0.96 48
greening 1.00 1.00 1.00 71
accuracy 0.98 233
macro avg 0.97 0.98 0.98 233
weighted avg 0.98 0.98 0.98 233
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D6 do Loss va Accuracy: Hinh 3 thé  Két qua thyc nghiém cho thay kich ban 1
hién gia tri Loss va Accuracy cta cac kich ~ do chinh x4c cao hon trén tap dit lidu dé
ban 1 va kich ban 2. D6 chinh x4c ciia cdc  xuét, phu hop cho nhan dang bénh trén cam
kich ban lan luot 13 99.83% va 98,25%. trong thuc té

Training Loss and Accuracy Training Loss and Accuracy
1.0+ vy
r S s
0.8 -
0.8 -
> >
3 06- @
3 3 06-
§ g
2 0.4- a
S ‘ S o0a-
0.2 - —— train_loss == train_loss
—— val_loss 02° __ val_loss
—— ftrain_acc —— train_acc ﬂ, A QNP‘C A 0
0.0- — val_acc 0.0- 15 val_acc
0 20 40 60 80 100 ) 20 0 60 80 100
Epoch # Epoch #
a) Mo hinh Inception-V3 b) Mo hinh EfficientNet-B7
Hinh 3. D6 chinh xdc va d6 16i thuc nghiém trén cdc mé hinh
- Mot sO hinh anh phan loai bénh: md hinh mang da d¢ xuat dugc trinh bay
nhu Hinh 4

Mot sb két qua thuc nghiém cia qua
trinh nhan dang bénh trén trai cam dya trén

1/1 [ 1 - 2s 2s/step 1/1 [ ] - @s 36ms/step
[[9.9905854e-01 9.3372155e-04 2.0254283e-06 5.7463608e-06]] [[2.0948955¢-08 1.0000000e+00 1.7333197e-13 1.0285585e-11]]
Gid tri dy doan 1a: BENH DOM DEN Gid tri dy dodn 1a: BENH GHE

a) Dy doan trén bénh Pom den b) Dy doan trén bénh Ghé

. N 1/1 [ 1 - @s 25ms/step
A | ] - 6s 6s/step [[9.9997628e-01 1.2055626€-05 6.45188366-06 5.2826335¢-06]]
Gid tri dy doan 1a: BENH VANG LA Giad tri dy doan 1a: BENH BOM DEN
¢) Dy dodn trén bénh Pom den d) Dy doan trén bénh Ghé

Hinh 4: Két qud du dodn trén cdc loai bénh
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Két qua trén cho thiy phat hién va
phan loai trén trdi cam trén ca hai mé hinh
dat d6 chinh xéc cao trong nhan dang 3 loai
bénh dé xuét, thoi gian xtr 1y rat nhanh va
chinh xac vadi cac loai anh cam bénh va anh
cam khong bénh.

3. KET LUAN:

Trong bai bao nay nhom tac gia da tién
hanh nghién ctru 1y thuyét vé mang hoc
sau, mang CNN.

Nghién ctru cac mang EfficientNet-B7,
mang Inception- v3 cho viéc phat hién va

ISSN 261 5-9945

phan loai mot s6 bénh trén trai cam.

Xay dung phuong phap dé phat hién
va phan loai mot s6 bénh trén trai cam dua
trén cac mO hinh mang néu trén véi do
chinh xac 1a 98,72% va 99,66%.

Két qua cho thiy viéc tng dung mo
hinh hoc chuyén giao trong nhin dang
bénh hai trai cam hoan toan kha thi. Ung
dung nay c6 thé hd tro nguoi néng dan
phat hién bénh hai, kip thoi diéu tri ding
bénh, gidm thiéu thiét hai do sdu bénh gay
ra, dam bao phat trién bén viing nén nong
nghi¢p ¢ nudc ta.
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