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TOM TAT

Phat hién bénh trén trai cay co mui noi riéng va trén cdy nong nghiép noi chung da va dang
duwoc rdt nhiéu sw quan tam nghién ciru do tam quan trong ciia né trong viéc xay dung mot nén
nong nghiép bén vitng va hién dai. Cac thanh vién trong nhém da thu thdp bé div lieu hinh anh
mot s6 logi bénh gdy hai cho cam trén Kaggle dé phan tich cdc loai bénh va d@é xudt cdc bzen
phdp ngan ngiva ciing nhw phirong phdp tri bénh twong vmg. Nhém tac gia da sir dung mot sé
ky thudt hoc sau (Deep Learning) va thi giac may tinh (Computer Vision) qua do mo hinh hoc
may duwoc hudn luyén trén tap dir liéu lon cua cdac hinh anh trdai cam bi bénh va khong bénh,
tir do hoc cach phan biét gitra cac trang thai khac nhau dya trén kién triic mang YoloV8 va
mang MobileNetV2. Buéc dau qua danh gid thir nghiém cho thdy két qua dat dwoc rdt kha thi
dae ung dung vao thuc té nham du dodn cdc bénh trén trdi cam.

Tw khoéa: Phan logi bénh trén cam, hoc sau, thi giac may tinh, YoloVS8, MobileNetV2.
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 YoloV8 and Inception-V'3
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, Computer Vision, YoloVs,
MobileNetV2.

1. GIOI THIEU

Nudce Viét Nam voi khi hau nhiét doi
am gi6é mua vo cung thich hop cho sy phat
trién ctia nganh ndéng nghiép cdy an qua.
Trong d6 cam la mdt trong nhitng loai cay
in qua duoc trong phd bién ¢ khap Viét
Nam, dién hinh nhu & cac tinh: Ha Giang,
Ha Tinh, Tién Giang, Can Tho, Vinh Long
[1, 2, 4]. Thé nhung, khi hau nhiét d6i 4m

ciing 14 diéu kién thuan loi cho vi khuan,
ndm moc phat trién va 1ay lan nhanh chong
trén cay an trai.

Mot sb bénh thuong gip trén cam nhu
bénh ghé, vang 14 gan xanh va ddm den. Pay
13 cac thuong gip nhit trén cam, gy mat
thAm mi va gia tri cua trai cam, bénh nang
thi anh hudng nghiém trong dén ning sut
cay trong.
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Hién nay c6 mdt sb rat it hé théng nhan
dang bénh hoc trén cay trong ciia mot s6 nha
nghién ctru trong va ngoai nudc nhu: Nhan
dang bénh trén cay lua bing phuwong phap
hoc chuyén giao boi Nguyén Thai Nghe [5]
hay Creative Common [8] d3 gidi thiéu vé
mot phuong phap st dung moé hinh mang
DNN két hop mang VGGNet16 dé phat hién
muc do nghi€ém trong cua bénh trén trai cay
c6 mui véi tap dir liéu duoc 14y truc tuyén
tur PlantVillage va Kaggle. Do chinh xéc ctua
moé hinh nay qua kiém tra trén cac hinh anh
duoc lya chon ngau nhién ddi véi tinh trang
trai cay khoe manh, murc do bénh thép, muc
do bénh cao va muc do bénh trung binh la
rat cao.

Bai bao nday dé xuit mot tiép can phat
hién va phan loai mot sb6 bénh trén trai cam
v6i tap dir liéu duoc 1ay tir Kaggle két hop sir
dung mot sb ky thuat hoc sau va thi gidc may
tinh dya trén kién triic mang YoloV8 va mang
MobileNetV2.

2. NOI DUNG
2.1 Phuong phap nghién cuu
- Cac phuong phap nghién ctru:

Nghién ctru tim hiéu vé kién triic mang
hoc sau, thi giac may tinh, moé hinh mang tich
chap Convolutional Neural Network (CNN)
[7, 8]. Nghién ctru vé cach thirc hoat dong cua
cac md hinh YoloV8, MobileNetV2. Tim hiéu

Feature maps
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cac tai li€u, cac cong cy, thu vién va thuc hién
chuong trinh.

Tién hanh thu thap bo dir liéu dong thoi
xur Iy cac dir liéu da thu thap duoc, xay dung
mo hinh. Phan chia dir li¢u, st dung mé hinh
CNN dé trich xuét dic trung, tién hanh phan
16p va huén luyén mé hinh. Sau d6 tién hanh
phan tich, so sanh két qua va danh gia céac
phuong phép da thuc hién. Tu dé danh gid va
dua ra két luan cho mo hinh, tap dir liéu va
cac phuong an can cai thién cho mé hinh da
thuc hién.

- Mang no-ron tich chap

Mang no-ron tich chip CNN la mdt
mo hinh hoc sau c6 thé xdy dung dugc céc
hé thdéng phan loai c6 kha ning nhan dang
va phan loai hinh anh v&i d6 chinh xac cao.
Mang CNN cho phép nguoi dung xay dung
nhiing h¢ théng phan loai va du doan véi do
chinh x4ac cyuc cao. Hién nay, mang CNN dugc
g dung nhiéu hon trong xir 1y, nhan dién va
phan loai hinh anh. Mang CNN bao gom cic
16p co ban sau: 16p tich chap (Convolutional),
L6p phi tuyén Relu (Rectified Linear Unit),
16p Pooling va 16p két ndi day du (Fully
Connected Layer).

Mo hinh mang CNN gém: Input image
=> Convolutional layer (Conv) + Pooling
layer (Pool) => Fully connected layer (FC) =>
Output.

Convolutions Subsampling Fully connected

Hinh 1. M6 hinh mang CNN [10]

- Mang YoLoV38

Yolo (You Only Look Once) [9] , mdt md
hinh phat hién dbi tugng va phan doan hinh
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anh phé bién dua trén mang CNN, dugc phat
trién boi Joseph Redmon va Ali Farhadi tai
Pai hoc Washington. Ra mét vao nim 2015,
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YOLO nhanh chéng tré nén phd bién vi toc
d6 va do chinh xac cao. Cac mo hinh YOLO
duoc huin luyén trudc trén cac bo dir li¢u 1on
nhu COCO va ImageNet. Didu ndy cho phép
chung vira c6 kha ning cung cép du doan cuc
ky chinh xé4c véi cac 16p da duoc huin luyén,
vira ¢6 thé hoc cac 16p méi mot cach tuong
dbi d& dang.

YOLOVS 1a phién ban nang cip méi
nhat, véi kha nang nhan dién ddi tuong
nhanh hon va chinh xac hon. Piéu nay duoc
dat dugc thong qua mot sb cai tién, bao gé)m
mang kim ty thap dac trung, cac mo-dun chu
v khong gian va cac ky thudt tang cuong dix
liéu tién tién.

- Mang MobileNetV?2

MobileNet-V2  [12] la mot md hinh
phan loai do Google phat trién. N6 cung cap
kha nang phan loai theo thoi gian thuc dudi
cac rang budc vé tinh toan trong céac thiét bi
thong minh. Viéc trién khai nay thuc day viéc
chuyén giao viéc hoc tir ImageNet sang tap dir
li¢u. MobileNet-V2 dugc xay dung dua trén
y tudng tr MobileNet-V1, st dung tich chap
c6 thé phan tach theo chiéu sau lam cac khi
xdy dung hiéu qua. Tuy nhién, MobileNet-V2
gidi thidu hai tinh niang méi cho kién truc: tic
nghén tuyén tinh gitra cac 16p va két ndi 16i tat
giita cac tic nghén.

- Cac thudc do danh gia mo hinh:

Confusion Matrix (CM) 12 ma trin nham
1an, bao gém mot tap hop cac ti€u chi nham
danh gid hiéu qua ctia mot mo hinh phan
loai. Xét cac gia tri trong ma tran nham lan
thu dugc tir két qua phan loai, cach sur dung
cac chi sb sau: True Positive (TP), True
Negative (TN), False Positive (FP) va False
Negative (FN).

- TP: S6 luong hinh anh bi nhiém bénh ma
hé théng da phat hién chinh xéac.

- TN: S6 luong hinh anh khoe manh ma
hé thong da phat hién chinh xéc.

-FN: S lugng hinh anh khée manh duoc
hé théng xac dinh 1a trai cay bi nhiém bénh.
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- FP: S6 luong hinh anh bi nhiém ma hé
théng da phat hién la khoe manh.

D9 chinh xac (Precision) 1a ti 1¢ chinh
xac khi nhan dién, thang do do chinh xac
cua du doan. Precision cang cao dong nghia
mo hinh cang tot, it dua ra cac du doan
Positive sai.

Cong thure tinh Precision:
TP

P .. -
recision TP + FP

(1)

Recall dung d do luong ty 1& du bao
chinh xac cac truong hop positive trén toan
bd cac mau thude nhom positive. Recall cang
cao, md hinh cang tdt, it bo sot trong viéc xac
dinh duoc tat ca cac mau positive.

Cong thtre tinh Recall:
Recall = P
eca TP TN (2)

- F1 Score la trung binh diéu hoa giira
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, md hinh cang gioi ca
vé chinh xé4c va do nhay.
Cong thue tinh F1 Score:

Precision x Recall
F1 Score =2 x

3)

D4 chinh xac-Accuracy giup ta danh gia
hi¢u qua du bdo cua mo hinh. P chinh xac
cang cao thi mé hinh cang tot. Do chinh xac
duoc tinh bang tong sb cac truong hop duoc
duy bao dung chia cho téng sb cac truong
hop.

Precision + Recall

Cong thure tinh Accuracy:

R B TP + TN
Ay P~ TN+ FP + FN

Két qua nghién ctru:

4)

Dé giai quyét bai toan trén nhom tac gia
dé xuat str dung mo hinh tong quat nhu Hinh
2. Mb hinh tong quat gom 2 giai doan. Giai
doan huéan luyén va giai doan kiém thir duoc
mé ta cu thé:
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GIAI DOAN
HUANLUYEN ————— - N -~
- _ Bl B2 B3 .
Tién xir Iy anh Trich chon Huan luyén o
- Data === | dic trung #»| Training |=—»| MO HINH
Pretreatment Features
‘ Extraction
L \. J . / -
GIAI DOAN
KIEM THU [ Bl \ B2 ) [ B3 PHAN LOAI
4 Tién xit Ij anh Trich chon Két qua Loét vi khuén
- Data e | @dC trung »| Results Pém den )
Pretreatment Features Vang la gin xanh
Extraction Binh thuwong
f . Y,

Hinh 2. M6 hinh dé xuét phat hién mot s6 bénh trén cam

Giai doan huén luyén:

O giai doan tién xtr 1y anh. Tuy b dit liéu
da duoc phén 16p sin, nhung ddi v6i md hinh
mang YoLoV8 budc phdi thyc hién khoanh
ving dbi twong va gan nhin trén b dir lidu
Orange Diseases Dataset dd dé xudt bang
cong cu truc tuyén makesense.ai. Song song
doé 1a loai bo cac anh mo khong dat tiéu chuén,
stra tén, tién hanh gan nhan va phan loai dir
liu. Két qua thu duoc 1a cac tap tin can thiét
cho qua trinh huén luyén.

Sau d6 tién hanh giai doan tiép theo 1a
rut trich ddc trung véi hai mo hinh mang 1a
YoloV8 va MobileNetV2 nhu di dé cap ¢
trén, tiép d6 1a huan luyén mé hinh.

Giai doan kiém thu:

Giai doan kiém thir cling tién hanh tuong
tu nhu giai doan huén luyén. Sau khi tién xwr
1y dir liéu. Tiép theo chudn hod hinh anh vé
kich thudc 224x224 d6i voi md hinh mang
MobileNetV2 va kich thudc 640x640 dbi véi
mo hinh mang YoloV8 dé lam dir liéu dau
vao. Anh s& duoc qua cac mang trich xuét dic
trung dé rat trich ra cac dic trung tuong tng
cua tirng loai bénh

2.2. Két qud thyc nghiém
Céc kich ban ap dung:

Dé tién hanh thyc nghiém cho mo hinh da
dé xuat, nhom tac gia thuc hién 2 kich ban véi
tham sb hudn luyén nhu sau:

Béang 1: Céac kich ban dugc dé xut va cac tham sd huin luyén

Kich Mang huin Mang trich Xuat ) 1A Kich thudce L,

, R b Ti 1€ hoc e So6 lop
ban luyén dac Trung mau

1 MobileNetV?2 MobileNetV2 0,01 32 4

2 YoloV8 YoloV8 0,01 16 4

Moi truong cai dat va tap dir ligu thuc
nghi¢m:

Moi truong cai dit: Hé thong duoc cai dat
bang ngdn ngit Python va chay trén cting mot
moi trudng Google Colab. Thu vién hd tro
dao tao mo hinh mang str dung 1a Tensorflow
va Keras.

Tap dir liéu thyc nghi¢m: D li€u dugc
nhom tac gia thu thap 1a bo dir li¢u Orange
Diseases Dataset dugc phat trién dé xay dung
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cac thuat toan hoc may va hoc sau nham thuc
hién viéc phan loai bénh trén cam. Trong tap
dir liéu nay c6 lop cam tuoi va ba loai bénh
khéc, bénh loét vi khuan, dém den va bénh
vang 14 trén cdy c6 mui, bao gdm: 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 nhiing qua cam
khoe manh.

Cac két qua thyc nghiém:
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Bang 2 : Thé hién céc gié tri danh gia mé hinh YoloV8

Instances Box(p) R mAP50
Fresh 399 0,997 0,997 0,995
Canker 200 0,991 0,99 0,993
Blackspot 207 0,995 0,986 0,995
Greening 369 0,999 1 0,995
Accuracy 99,4

Bang 3: Thé hién cac gia tri ddnh gia mé hinh MobileNet-V2

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

D6 do Loss va Accuracy: Hinh 3 thé hién  cho thay kich ban 1 d6 chinh xac cao hon trén
gia tri Loss va Accuracy cia cac kichban 1 va  tap dir liéu dé xuét, phu hop cho nhén dang
kich ban 2. D6 chinh x4c cta cac kich ban 1an  bénh trén cam trong thuc té.
luot 12 99,4% va 98%. Két qua thuc nghiém

train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)

20 1 X
—— resuts | 130 Lo 1o
0.6 smooth | § 25
094 09
120
054
115 0.8- 08
044
110
0.7+ 0.7
0.34 105
0.6~ 06
o 50 100 o 50 100 o 50 100 o 50 100 o 50 100
val/box_loss val/cls_loss val/dfi_loss metrics/mAPS0(B) metrics/mAPS0-95(B)
17 105
074 20 16 09
15 091
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14
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a) Két qua hudn luyén trén mé hinh YoloV8

Loss Function Over Time

1.0 Training Loss
——— Validation Loss
0.8
0.6
w d
: A
= V
o4 \j\/&& /\J\ M/ \\/\/rﬁf\/
0.2 \ 5 V
0.0
(0] 20 40 60 80 100
Epoch

_b) M6 hinh MobileNet-V2
Hinh 3. Két qua huan luyén trén cac mé hinh

114



Tap chi Khoa hoc va Cong nghé Truong Dai hoc Xay dung Mién Tay (ISSN: 3030-4806)

Mot sb két qua thuc nghiém cia qué trinh
nhén dang bénh trén trai cam dya trén mo hinh
mang da dé xuat dugc trinh bay nhu Hinh 4.

Mo hinh MobileNetV?2

1/1 [ ] - @s 29ms/step
[[9.9999976e-01 1.8295967e-07 1.4008230e-09 5.1890878e-20]]
Gia tri dy doan la: BENH BOM DEN

a) Du doan trén bénh dom den

1/1 [===
[[e. o. 0. 1.]]
Gia tri duv doan la: Bénh vang 1a

=]

- @s 23ms/step

b) Du doadn trén bénh vang la gan xanh

fresh 0.90

Mo hinh YoloV8

c) Du doan trdi cam binh thuong
[P —

=

Mo hinh YoloV8
d) Du doan trai cam bénh ghé
Hinh 4: Két qua du doan trén cac loai bénh
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Két qua trén cho thdy phat hién va phan
loai trén trai cam trén ca hai mo hinh dat do
chinh xac cao trong nhan dang 3 loai bénh
va nhan dang cam binh thuong, thoi gian xir
1y rat nhanh va chinh xac véi cac loai anh
cam bénh va anh cam khong bénh trén tap
anh Test.

3. KET LUAN

Trong bai bdo nay nhom tic gia da tién
hanh nghién ciru 1y thuyét vé mang hoc sau,
mang CNN. Nghién ctru cac mang YoloV8,
mang MobileNetV2 cho viéc phat hi¢n va
phan loai mdt s6 bénh trén trai cam.

Ung dung phuong phap gitp phap hién va
phan loai mot s6 bénh trén trai cam dua trén
cac mo hinh mang néu trén véi do chinh xac
1a 99,4% va 98%.

Két qua cho thiy viéc tmg dung mo hinh
hoc chuyén giao trong nhan dang bénh hai trai
cam hoan toan kha thi. Ung dung nay c6 thé
ho tro nguoi ndng dan phat hi¢n bénh hai, kip
thoi diéu tri ding bénh.
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