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TOM TAT

Viét Nam 1a qudc gia xuat khau xoai 10n, tuy nhién qua trinh phan loai xoai chin van
chu yéu thu cong, giy ton thoi gian va dé& sai sot. Trude ddy, cac mod hinh hoc sau nhu
CNN, ResNet di duoc ap dung nhung van han ché vé 6 6n dinh va kha ning téng quét.
Bai bao nay d& xuit mé hinh Energy-Based Model (EBM) — mot hudng tiép can hoc may
m&i ¢6 kha ning mo hinh héa mébi quan hé giira anh va nhan mot cach truc tiép thong qua
ham ning luong. M6 hinh dugc xay dung dya trén ddc trung trich xuét tir ResNet101 két
hop v6i YOLO trong giai doan tién xir 1y, gitp ting d6 chinh xéc trong phén loai xoai
chin qua anh. Két qua thuc nghiém trén hai tap dir liéu gém Mango and Banana Dataset
va Mango Grading Dataset voi hon 5.000 anh xoai cho thiy tiém ning 16n cia mé hinh
trong cac hé thong phén loai néng san ty dong.

Tir khéa: Energy-Based Model, EBM, Deep learning, Nhin dién hinh anh, Xoai.

ABSTRACT /mango ripeness classification

Vietnam is a major mango exporter, however, the-elassification-of-mango+ipenress is
still primarily done manually, which is time-consuming and prone to errors. Previous deep
learning models such as CNN and ResNet have been applied, but they still face limitations in
terms of stability and generalization. This paper proposes the Energy-Based Model (EBM)
a novel machine learning approach eapable-of-directly-modeling the relationship between
images and labels through an energy function. The model isNQuilt upon features extracted
from ResNetl01 and incorporates YOLO during the preproceding stage to enhance the
accuracy of mango ripeness detection. Experimental evaluations were conducted on a
combined dataset derived from the Mango and Banana Dataset and\the Mango Grading
Dataset, totaling over 5,000 mango images. Results demonstrate the mod®[’s strong potential
for deployment in automated agricultural product classification systems. “that directly models

Keywords: Energy-Based Model, EBM, Deep learning, Image recognition, Mango
1. GIOI THIEU va anh huong dén chat luong xuat khau.

Viét Nam 1a mot trong nhitng quéc gia Sy phat trién cua hoc sdu mé ra nhiéu
c6 san luong xoai 16n trén thé gii, voihon  hudng di moi trong nhan dién anh nong
1,4 triéu tAn moi nam. Tuy nhién, viéc phan  san. Cac mo6 hinh nhu CNN, ResNet dugc
loai xo0ai chin hién nay van thuc hién tha st dung rong rdi, tuy nhién van con nhuoc
cong dua trén cam quan, dan dén sai 1éch  diém nhu phy thudc dit liéu 16n va khong
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6n dinh trong diéu kién anh thay doi.

Bai bao nay dé xuat mo hinh két hop
Energy-Based Model véi ResNetl01 va
YOLO d¢é phan loai x0ai chin tir anh. EBM
c6 kha ning mé hinh hoa tot mbi lién hé
dau vao va dau ra thong qua ham ning
luong, thay vi dua vao xac suét.

Bai viét dugc té chic nhu sau: Muc 2
trinh bay céc nghién ctru lién quan; Muc 3
la dénh gid m6 hinh; Muc 4 mo t4 mo hinh
dé xuat va giai thuat; Muyc 5 trinh bay két
qua thyc nghiém; va Muc 6 1a két luan.

2.CACNGHIEN CUU LIEN QUAN

Mot s nghién ciru trude di ap dung
hoc sau vao phan loai xoai chin nhu [1],
[2], [3]. Trong do, [1] st dung mang CNN
dé nhan dang khuyét diém vo xoai nhung
dd chinh xac chua cao. [2] xdy dung mo
hinh phan loai dua trén dac trung mau va
hinh dang, ap dung SVM va dat dd chinh
xac ~92%. Nghién ctru [3] dung CNN dé
phan loai mic d6 chin, nhung thiéu kha
nang téng quat do anh chup don di¢u. Mot
s6 nghién ctru nhu [14] va ciing str dung

Residual Block

__\
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ResNet101 dé tang d0 sdu mang, cai thién
kha nang hoc dac trung phuc tap. Tuy
nhién, cdc md hinh ndy van con han ché vé
kha ning tong quat v6i anh thuc té.

Mot s nghién ciu trude di ap dung
hoc sau vao phan loai xoai chin nhu [1],
[2] [3]. Trong do, [1] su dung mang CNN
dé nhan dang khuyét diém v6 xoai nhung
do chinh x4c chua cao. [2] xay dung mo
hinh phan loai dya trén dac trung mau va
hinh dang, ap dung SVM va dat dd chinh
xac ~92%. Nghién ctru [3] ding CNN dé
phan loai mtirc do chin, nhung thiéu kha
ning tong quat do anh chup don diéu. Mot
s6 nghién ctru nhu [14] va ciing st dung
ResNet101 dé tang d§ sdu mang, cai thién
kha nang hoc dac trung phuc tap. Tuy
nhién, cdc md hinh ndy van con han ché vé
kha nang tong quét v6i anh thyec té.

Cac mo hinh thi gidc may tinh (CV) nhu
CNN, ResNet da dugc ap dung thanh cong
trong nhiéu bai toan nhan dién anh[14],
[18]. CNN gitp trich xuat dic trung tir anh
theo timg tang, trong khi ResNet cai thién
do sau bang cac khdi residual, tranh hién
tugng mat thong tin[17].

Residual Block
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Hinh 1. Khdi qudt cdu triic ctia mé hinh ResNet

Energy-Based Model (EBM) la md
hinh hoc may danh gid do phu hop gitta
dau vao x va dau ra y thong qua ham ning
luong E(xy) [4], [5], [6], [10], [11], [15],
[16], [20]. Ham nang luong pho bién:

E(x,y)=WI[y].F(x)+b[y]

Ham loss:

L(x,y)=E(x,y)tlog}’ .exp(-E(x,y"))

EBM khong yéu cau phan phdi xac
suat nén phu hop véi dit liéu khong dong

nhat va phuc tap[9], [12]

o=

Hinh 2. Céu triic mé hinh Energy-Based Model. x la
ddc trung dnh, y la 16p nhén; W[y] va b[y] la trong sé
va bias tuong urng véi I6p y; E(x,y) la ham ndng luong,
gid tri cang thédp cang phu hop.
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B sung minh hoa EBM vdi f(x) chi gdm 3 gia tri va tinh ning luong/chuan hoa/loss

chi tiét nhu sau:

Béang A. Tinh ndng luong E(x,y) cho 2 16p (chin/khong chin) — vi du minh hoa

Nhéan ding Loss L(x,y) Gidi thich
Chin (y=1) 1.0:0.6 + (-0.5)-0.1 + 0.8-0.3 + 0.1 0.89
Khong chin (y=0) (-0.3)-0.6 + 0.9:0.1 + (-0.7)-:0.3 + 0.2 -0.10

Bang B. Chuén hoa xac suat theo exp(-E) va tong Z

Lop (y) -E(x,y) exp(-E) P(Y[X)
Chin (1) -0.89 0.411 0.411/1.516=0.271
Khong chin (0) 0.10 1.105 1.105/1.516 = 0.729
Téng (Z) - 1.516 1.000

Béang C. Tinh loss L(x,y) = E(x,y) + log Z
Lép (y) Cong thirc Két qua

Chin (1) 0.89 +log(1.516) = 1.306 Cao — du doén sai
Khoéng chin (0) -0.10 + log(1.516) = 0.316 Thip — du doan dung

3. PANH GIA MO HINH

Dit liéu duoc chia thanh tap huin luyén
(70%), tap kiém thur (15%) va tap kiém
tra (15%). M6 hinh duoc danh giad bang
d6 chinh xac (Accuracy) va ham mat mat
(Loss). Hai mé hinh dwoc so sanh gom:
Ty 1& 70/15/15 duoc lya chon dé can bang
giita huén luyén va danh gia trong bdi canh
dir liéu da duogc loc giam ) luong dé tranh
hoc vet, dam bao mo hinh van c6 kha ning

téng quat.

e ResNetl01 su dung lop Sigmoid
(truyén théng)

e ResNetl01 két hop Energy-Based
Model (EBM)

4. MO HINH PE XUAT VA GIAI
THUAT

4.1. M6 hinh dé xuéat

Trong qué trinh thuc nghiém, anh dau
vao duoc dua qua ResNet101 dé trich xuat
dic trung sau. Cac dic trung nay tiép tuc
dugc truyén vao mo hinh EBM dé tinh toan
ham nang luong va phan loai dg chin, cudi
cung dung YOLO V8 dé cit ving chta qua
x0ai. Hé théng dé xuat gdm 3 giai doan:

1. Trich xuit dic trung tir anh bang
ResNet101 pretrained [14], [18].

2. Phéan loai xo0ai chin bing EBM
thong qua danh gid ham nang luong [5],
[6], [15].

3. Tién xir Iy dnh bing YOLO v8 dé
xac dinh vung chura xoai [1], [2].

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG 95
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N faie

Anh dau

RESNET 101
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Két qua

Hinh 3. Cdu tric mé hinh dé xuat

4.2. Giai thuat

Thuat toan thuc hién nhu sau: trudc
hét, anh dau vao dugc dua qua ResNet101
dé trich xuét dic trung. V6i mdi 16p dau
ra 'y, moO hinh tinh gi4 tri ham nang luong
E(x,y). Lop c6 ning lugng thdp nhét duoc
chon lam két qua du doan. YOLO V8 duoc
tich hop dé dinh vi chinh x4c ving trai xoai
trén anh gdc trude khi dwa vao phén loai.

« Input: anh dau vao x

e Output: 16p do chiny

e Budc1: Trichdactrungx'=ResNet101(x)

e Budc 2: Tinh E(x',y) cho tung 16p y

e Budc 3: Dy doan nhan = arg minyE(x',y)

« Buréc 4: Phét hién trai xoai bang YOLO V8

5. KET QUA THU'C NGHIEM

Tuy gop tur hai tdp dir li¢u khac nhau,
toi chi st dung mot tap dir licu téng hop
da chuan hoéa gébm 2.000 anh voi nhin nhi
phan. Do d6, bai bao chi thuc hién hai kich
ban: mot sir dung phan loai Sigmoid truyén
thong va mot két hop EBM.

5.1. Tap dir liéu

Hai tap dir liéu dugc s dung gom
Mango and Banana Dataset (gom ci anh
x0ai va chudi, mdi loai khoang 2.500 anh)
va Mango Grading Dataset (chira khoang
2.500 anh xoai gan nhan muc do chin).
Tong cong co khoang 5.000 anh xoai ban

dau. Tuy nhién, dé tranh hién tuong hoc vet
va giam d6 chénh 1éch phan b 16p gitra hai
tap dir liéu, toi tién hanh tong hop va chon
loc lai, chi gitt khoang 2.000 anh cé nhan
r0 rang theo hai murc dd chin va chua chin
cho huén luyén va kiém thir. Do d6, cac
ma tran nham 14an chi thé hién két qua trén
tap dir liéu sau khi gdp va loc nay véi 2 16p
nhi phan, khong phan anh day du 8 muc do
chin gdc tir Mango Grading Dataset.

. Nguén dir liéu: Str dung hai bo dir liu:

o Mango and Banana Dataset (Ripe-
Unripe) cua Vién Cong ngh¢ Maharashtra.

o Mango Variety and Grading Dataset
tr Pai hoc Nong nghi¢p Muhammad
Nawaz Shareef[13], [14].

5.2. Cong cu

«Nén tang: Kaggle Notebook (GPU
Tesla P100, RAM 13GB) véi thu vién
TensorFlow va Keras.

e Thu vién: TensorFlow va Keras.

e M6 hinh: ResNetl01 pretrained tir
ImageNet.

o T6i wu hoa: Sur dung thuat toan Adam
v6i learning rate mac dinh.

5.3. Kich ban 1: ResNet101 khong sir
dung EBM

Trong kich ban dau tién, ResNet101
dugc dung dé trich xuat dic trung va phan
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loai bang 16p Sigmoid. Sau 50 epoch, mo
hinh dat d chinh xac 95% va ham mat mat
con 5%. Tuy nhién, khi phan tich ma tran
nham 13n, md hinh con nham 13n & cac murc
d6 chin gan nhau.

Model Accuracy

Model Loss

ISSN 261 5-9945

o Cau hinh: Str dung ResNet101 nhu
mot bd trich xuét dic trung, Kkét hop voi
16p phan loai Sigmoid truyén thong.

« Két qua: Do chinh xac (Accuracy):
95.0% va Do mat mat (Loss): 5.0 %.

Confusion Matrix

— Train Loss
~— Validation Loss

= Train Accuracy
~= Validation Accuracy

=
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Hinh 4. Dé chinh xdc va ham mdt mdt (Kich bén 1)

Hinh 6. Két qud thu duoc (Kich ban 1)

e Nhan xét: Mo hinh dat do chinh xac
turong ddi cao, tuy nhién van con han ché
trong viéc phan bi¢t cac muc dd chin g?m
nhau do dic trung trich xuét chua du séu.

Model Accuracy 1e8

Model Loss

60 80 100 Chin

Chua chin
Predicted Labels

Hinh 5. Ma trén nhd@m lan (Kich ban 1)

5.4 Kich ban 2: ResNet101 két hop
EBM

O kich ban tht hai, EBM thay thé 16p
phan loai truyén thong. M6 hinh dat do
chinh xac 97.24% va loss con 2.76%, cho
thdy kha ning hoc tot hon nh mé hinh hoa
tryc tiép mbi quan hé anh — nhin. Ma tran
nham 13n ciing cho thiy su cai thién rd rét.

« Cau hinh: Két hop ResNet101 dé

trich xuit dic trung va Energy-Based
Model (EBM) dé phan loai xoai chin.

e Két qua: Do chinh xac (Accuracy):
97.24% va Ham mat mat (Loss): 2.76%.

Confusion Matrix

—— Train Accuracy
—— Validation Accuracy

=~ Train Loss

201 Validation Loss

Actual Labels

Chua chin

T T T T T -
0 20 4 60 80 100 6 20 4

Epoch

Hinh 7. Bé chinh xdc va ham médt mdt (Kich ban 2)
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Hinh 9. Két qud thu duoc (Kich ban 2)

o Nhén xét: M6 hinh két hgp EBM gitp

ISSN 2681 5-9945

cai thién dang ké do chinh xac va giam
ham mat mat, cho thiy kha ning phan biét
tot hon gitta cac mirc do chin.

5.5 So sanh tong quan

B6 sung phéan tich: EBM giam 15i
nham 13n & cac mau bién nhd co ché cuc
tiéu ning luong, nén Precision/Recall/
F1/mAP déu cao hon so véi 16p Sigmoid
truyén thong.

Bang D. So sanh cac chi s danh gia (minh hoa — cting tap 2.000 anh)

M6 hinh Accuracy |Precision | Recall |F1-score |Loss (%) | mAP
ResNet101 + Sigmoid | 95,0% | 942% | 93,8% | 94,0% | 50% [92,5%
+
ResNet101 + EBM 97.24% | 97.0% |96.8% | 96.9% | 2,76% [95,7%
(dé xuat)

C4 hai kich ban dugc huin luyén trong
50 epoch vdi batch size 32. M6 hinh EBM
mat thoi gian huin luyén dai hon khoang
20% do tinh todn ham nang lugong, nhung
bu lai dat do chinh xac cao hon.

6. KET LUAN

Tuy nhién, m6 hinh con han ché trong
viée xtr Iy dit lidu chua dugc cit xoai 1o
nét hodc anh c6 nén phirc tap. Trong twong
lai, toi s€ tich hop thém mo hinh attention
va mé rong tap dit liéu v6i nhiéu didu kién
anh sang khac nhau dé tang kha nang tong
quat hoa.

Dé tai da dé xut img dung mo hinh

Energy-Based Model (EBM) trong viéc
phan loai d§ chin cua qua xoai dua trén
hinh anh, nhim khéc phuc nhitng han ché
cua phuong phép phan loai thu cong cling
nhu cdc moé hinh hoc sdu truyén thong.
Thoéng qua qua trinh thu thap, xu 1y dir li¢u
va thiét k& mo hinh, EBM cho thay tiém
nang 16n trong viéc cai thién do chinh xac,
kha ning tong quat hoa va tinh 6n dinh
trong diéu kién thuc té. Két qua nghién ctru
khong chi gop phan nang cao chit lugng
san pham xo0ai ma con mo ra huéng ung
dung cong nghé tri tu¢ nhan tao trong linh
vuc nong nghiép thong minh tai Viét Nam.
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