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Tom tat

Nhu cau tw dong phan tich va xit Iy hinh anh dé tré thanh mot yéu cau quan trong trong
nhiéu linh vue nhiry 1é, néng nghiép hién dai. Tuy nhién, viéc phan logi hinh anh bang phu’ong
phap tmyen thong thiong gdp nhiéu khé khan do sw da dang vé mau sdc, kich thude, goc chup
va diéu kién dnh sang cia di liéu dnh. Trong nghién ciu nay, chung toi dé xudt mé hinh hoc
sau EfficientNetV2-S két hop voi kj thudt Grad-CAM nham ting cwong khd nang truc quan
hoa cac ving dac trung quan trong trén anh, qua do cdi thién hi¢u qua nhdn dang. Phuong
phdp dé xudt ap dung trén bo dir ligu hinh anh nam dwoc cong bo cong khai trén Kaggle. Két
quad cho thdy mé hinh dé xudt dat hiéu ndng vieot tri trén nhiéu chi sé danh gza quan trong
bao gom do chinh xac, do nhay (Recall), do dac hiéu (Specificity), F1-score va ROC, voi cdc
gid tri déu dat mirc 0,98. Nhitng két qua nay khang dinh tinh khd thi ciing nhu tiém ndng vmg
dung thiee tién ciia mé hinh trong badi todn nhdn dang hinh anh nam. Trong tirong lai, mo hinh
tir nghién ciru ndy c6 thé dwoc phdt trién thanh mét cong cu ho tro nhdn dang nam nhanh
chéng va chinh xdc hon, qua dé gép phan han ché nguy co ngd doc nam trong thiec té.

Twr khoa: Artificial Intelligence, Edible Mushrooms, EfficientNetV2-S, phdn logi hinh danb.

Abstract

IMAGE RECOGNITION OF FUNGI BASED ON THE EFFICIENTNETV2-S

DEEP LEARNING MODEL
The need for automated image analysis and processing has become a crucial requirement in
many fields such as healthcare and modern agriculture. However, traditional image
classification methods often face difficulties due to the diversity of colors, sizes, angles, and
lighting conditions in image data. In this study, we propose the EfficientNetV2-S deep learning
model combined with Grad-CAM techniques to enhance the visualization of important feature
regions in images, thereby improving recognition efficiency. The proposed method is applied to
a publicly available dataset of fungal images on Kaggle. The results show that the proposed
model achieves superior performance across several important evaluation metrics, including
accuracy, sensitivity (Recall), specificity, F1-score, and ROC, with all values reaching 0.98.
These results confirm the feasibility and practical application potential of the model in the
problem of fungal image recognition. In the future, the model from this research could be
developed into a tool to help identify mushrooms more quickly and accurately, thereby
contributing to reducing the risk of mushroom poisoning in practice.

Keywords: Artificial Intelligence, Edible Mushrooms, EfficientNetV2-S, image classification.
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1. Pat van dé

Nhu cau ty dong phén tich va xur 1y hinh anh dang ngay cang tré nén quan trong
trong nhiéu linh vuc nhu y té, noéng nghi¢p thong minh va giam sat moi truong. Tuy
nhién, vi¢c phan loai hinh anh bang cac phuong phap truyén théng van gip nhiéu thach
thire do dit liéu anh c6 sy bién d6i 16n vé mau séc, kich thuéc, goc chup va diéu kién
anh sang. Pac bi¢t, trong cac bai todn nhan dang hinh anh thyc té nhu hinh anh y khoa
hay thuc vat trong tu nhién, d§ phuc tap cua dir li€u cang lam gidm hi¢u qua cua cac
phuong phép nhan dang thong thuong.

Mot trong nhitng bai toan tiéu biéu 1a nhan dang ndm hoang di, vén c6 ¥ nghia
quan trong trong linh vuc stc khoe cong dong va an toan thuc phim. Theo thong ké,
mdi nam trén thé gidi ghi nhan hang nghin trudong hop ngd doc nim, trong d6 khoang
80% lién quan dén viéc dinh danh khong chinh xéc céc loai nam (Lu et al., 2020). Cac
loai nam doc c6 thé gay ra nhiéu hoi ching lam sang nghiém trong nhu suy gan cap, suy
than cap, tiéu co van, viém da day rudt, réi loan than kinh, tan méu va viém da nhay
cam. Can c6 mot giai phap hién dai hd tro phan biét hinh anh giip nang cao hiéu qua
phan biét cac loai nAm bang hinh anh dé han ché céc tinh trang ngd doc nam.

Trong thuc tién, cac chuyén gia thuong sir dung phuong phap truyen thong dé
phén loai va dinh danh nam dya trén cac dic diém hinh thai nhu mi, thit nam, phién
nam va cubng; mot s6 loai con co thém vong va bao gbc. Nhin chung, cac dic diém cia
mil nAm nhu hinh dang, kich thudc, mau sic va 16p phu bé mat 13 nhitng cian cr quan
trong trong qua trinh nhan dang (Hebert et al., 2003) (Somervuo et al., 2016). Cac dau
hiéu hinh thai ndy déng vai trd thiét yéu trong viéc phan biét cac loai nAm khac nhau
(Duong et al., 2023). Tuy nhién, do thiéu kién thic chuyén mén, k§ ning nhan dién
cling nhu sy hudng din tir cdc chuyén gia vé nam, nhiéu ngudi dan ban dia van phai dbi
mat véi nguy co su dung nham ndm doc, dic biét khi cac loai ndm nay co hinh thai
tuong dong véi nam an duoc.

Trudc thyuc trang d6, nhiéu nghién ciru dé tap trung khai thac tri tu¢ nhén tao
nham hd tro nhan dién va _phan loai nam, qua do gop phan han ché nguy co ngd doc.
Mot trong nhitng huong tiép can tiéu biéu la xac dinh tén loai dya trén dir liéu hinh anh
ciia ndm. Phuong phép nay tan dung nguodn dit liéu anh duoc xay dung tir cac nghién
ctru vé phan loai hinh anh, tir 46 xay dung quy trinh tu dong phén loai hinh anh ty dong
trong céc linh vic khac nhau nhu an toan thuc pham, y té, giam sat moi truong.

2. Tong quan tinh hinh nghién ciru

Co nhiéu huéng tlep can khac dang ngay cang dugc quan tam la ty dong hoc va
trich xuat dic trung truc tiép tir anh nim bang céc md hinh hoc séu (Dong et al., 2020).
K§ thuat hoc sau (Deep Learning, DL) dd dwoc dé xuat nhu mot giai phap hiéu qua cho
bai toan trich xuét dic trung tu dong va phan loai hinh anh, ti€u biéu la mang no-ron
tich chap (Convolutional Neural Network, CNN) (Panchbhai, K.G. et al., 2024). Trong
bbi canh d6, Bang 1 trinh bay tong hop mot s6 nghién ciru tiéu biéu vé ung dung hoc
sau trong nhan dang loai nam doc va ndm an duoc.
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Bang 1. Thong tin vé cac nghién ciru sir dung hoc sdu du doan tén loai nam dua
trén dir li€éu hinh anh.

P o A A Hiéu niang
Téac gia Muc tiéu Cong nghé (Accuracy)
(Preechasuk, et al., Phan 1.0%1 4;5 19@1 nam, t‘rong d9 M& hinh mang ne-ron tich

35 loai 1a nam an duoc va 10 loai ~ 0,78
2019) RN S chap CNN

con lai 1a nam doc
(Devika, G, and Phan loai ndm doc va nim an M0 hinh mang no ron tich
Asha cowda 4o chap sau (DCNN) 0,93
Karegowda, 2021) i P
(Wang,  Boyuan, N . ) Mb hinh kién tric hoc siu
2022) Phan loai 11 loai nam khac nhau két hop v6i Su chuyén dbi 0,95
(Zhao, Kexin, et al., Phan loai truc quan ciia nm dai M6 hinh hoc két hop tich 0,96

2023) chap va Transformer

Ngudn: tac gia, 2026

Nhin chung, cac phuong phap dugc dé xuat trong cac nghién ctru trudc day déu
dat hiéu nang dy doan kha quan va c6 tiém nang trién khai trén cac thiét bi di (dong.
Diéu nay cho thiy dinh danh loai ndm dya trén dir liéu hinh anh 1a mot hudng tiép can
hiéu qua, dédc biét co y nghia thuc tlen dbi véi ngu0’1 dan trong qua trinh thu hai nm,
g6p phan hd trg nhan dién cac loai nam doc va giam thiéu nguy co ngd doc. Bén canh
céc phuong phéap phan loai tryc tiép, mot hudng tiép can khac ciing dang nhan duoc su
quan tdm 1a chu thich hinh anh (image captioning). Phuong phap nay tap trung khai thac
mdi quan hé ngir nghia va khong gian giita cac dbi twong xuat hién trong anh nham
nang cao chat lwong mo ta hinh anh. Nho d6, hé théng khong chi hd tro nhan dién dbi
tugng ma con cung cap thém thong tin ngit canh, gitip ngudi dung dua ra quyét dinh
chinh x4c hon trong qua trinh phan biét va danh gia loai nam.

Bai bao nay ap dung cac giai phap hoc sau két hop v6i co ché ty chu y dé cung
cap thong tin bd sung cho cac mau nam duge dy doan. Méc du tap dir liéu con han ché
gdém 2.820 hinh anh nim 16n thudc 9 chi ndm, mo hinh dé xuat dat duoc do chinh X&c
cao va c6 thé dugc huan luyén trong thoi gian ngan Mo hinh ViT duoc cai tién cta
chung t6i dic biét phu hop cho viéc phan loai ndm trong cac bdi canh han ché tai
nguyén. Cu thé, nghién ciru nay sir dung EfficientNetV2-S va ViT-Large-Patch16-224
dé phan loai 9 chi nAm. Sy tich hop nay ting cuong do nhay ciia moé hinh ddi véi cac
dac diém hinh anh tinh té trong khi van duy tri thiét ké nhe pht hop cho cac tmg dung
thoi gian thuc va dién toan bién. Hon nita, mé hinh dugc huin luyén trén mot tap du
liéu dugc tang cuong nghiém ngat de dam bao tinh manh mé chéng lai cac bién thé vé
anh sang, hudng va nhiéu - cac yéu té thuong gip trong moi truong thuc dia. Trong quy
trinh tinh toan dugc dé xuat tir nghién ctu nay, bai viét thyc hién dua trén 4 giai doan
chinh: (i) Thu thép di liéu hinh anh nam tir thuc dia; (i) Khao sat va xir 1y cac thuge
tinh hinh anh, chuan héa va lam giau hinh anh. (iii) Xay dung bd phén loai chi nam dya
trén thuat toan EfficientNetV2_S; (iv) danh gia mo hinh dé xuét.

3. Phuong phap nghién ctru
3.1. Kién triic ciia mé hinh EfficientNet

) EfficientNet, dwoc Mingxing Tan va Quoc V. Le dé xuat vao nam 2019, 1a mot
kién tric mang no-ron tich chap (CNN) dong thoi cling 18 mdt khung mé rdng mo hinh
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théng nhét theo ba chiéu gém dd sau, do rong va do phan giai dau vao. Khac véi cac
phuong phap mo rong truyén thdng thuong chi tp trung vao mot chiéu duy nhat, von
c6 thé cai thién do chinh x4ac nhung kéo theo chi phi tinh toan 16n, EfficientNet huéng
dén viéc t6i wu hoa déng thoi su can bang gitta kich thuéc mo hinh, d6 chinh xac va chi
phi tinh toan. Cu thé, mo hinh 4p dung co ché mo rong két hop thong qua mot hé s6
diéu khién duy nhat ¢, cung véi cac hé sb ty 1& a, B va y dé phan bd hop 1y tai nguyén
cho tung chiéu m& rong. Nho chién luoc nay, EfficientNet dat dugc hi¢u qua Pareto
vuot trdi, tire 1a ¢6 thé mang lai do chinh x4c cao hon trong khi van duy tri chi phi tinh
toan thap hon so vdi cac phuong phap mo rong theo mot chiu riéng 1¢. Thong qua qué
trinh phan tich va loai trir c6 hé théng cac chién luoc chi mé rong theo do sau, do rong
hodc d6 phan giai, cac tic gia da chi ra rang, trong cung mot giGi han tinh toan, viéc mé
rong ddng thoi va can ddi ca ba chiéu 1a giai phap dem lai sy danh dbi t6i vu gitra hiéu
nang va hi€u qua tinh todn. Noi cach khac, chién lugc mé rong két hop cua EfficientNet
cho phép phan bo tai nguyén magt cach hai hoa gitra d§ sau, do rong va do phan giai dau
vao thong qua mot co ché diéu khién thong nhat. So dd cta co ché nay duoc minh hoa
trong Hinh 1.

224 x 224 % 24 7x7x%1280

112 x 112 % 24112 x 112 x 48 14 < 14 x 160
14 x 14 x 256
56 % 56 x 64 28 x 28 x 128
I
: m Class
! — - )
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Hinh 1. Cdu triic mé hinh EfficientNetV2_S
Ngudn: Tan, Mingxing, and Quoc Le., 2019
3.2. Tong quan vé kién tric dé xudit

Trong phan ndy, bai bao trinh bay khung quy trinh tong _quat cua m6 hinh dy
doan tén chi nam. Cu thé, toan bd quy trinh ctia phuong phép dé xuit dugc minh hoa
trong Hinh 2

Budc 1: Budrc 2.1: Tién xir
g Buéf 3: Xay :iL_rng Budc 4: Danh gia
mo hinh bang ma hinh

EfficientNetV2_S

Thu t3p dif lidu ly dir liéu: B |V dir liéu
*Resize images; Grad
Cam;

* Transform data;
split train/test

Hinh 2. Khung quy trinh tong quat ciia mé hinh dy dodn tén chi ndm lén
Ngudn: tac gia, 2026
Budc 1: Thu thap dir liéu
Cu thé, toan bd quy trinh ciia phuong phap dé xuit dugc minh hoa trong Hinh 6.
B0 dir liéu duge str dung trong nghién ctru dugc tham khao tir Kaggle (Kaggle, 2018),

bao gom ca nim ddc va nam an dugc, voi téng cong 2.820 hinh dnh dugc phan thanh 9
16p. Cac hinh anh nim trong co s dit liéu dugc minh hoa nhu Hinh 3.
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GT -> Lactarius GT -> Russula GT -> Boletus GT -> Amanita

Hinh 3. Hinh danh cdc chi ndm I6m trong co s dir liéu hudn luyén
Ngudn: tac gia, 2026
Buérc 2.1: Tién xir Iy dir liéu hinh dnh

Hinh anh nim diéu chinh kich thuéc, 4p dung bién d6i 1am ndi bat cac mé canh
duoc mo ta nhu hinh 4.

Hinh 4. Minh hoa cdc kj thudt dimg trong tién xv Iy, div liéu

Ngudn: tac gia, 2026
Budre 2.2: Bién d6i dix liéu anh, 1am giau anh va chia dir liéu:
Sau giai doan 2.1, tap dir liéu anh da chuén héa dugce chia theo ty 1€ 80:10:10,

gom 80% hudn luyén, 10% validation va 10% testing. Phan bd dit liéu cua cac 16p duge
md ta nhu Hinh 4

e
e,
o,
oy

& & & 4
é é § & £ # 4 7

Hinh 5. S6 mdu dit liéu ciia cdc chi ndam trong bé di liéu
Ngudn: tac gia, 2026
Buwéc 3: XAy dung mé hinh hoc sau dy doan tén chi nim:

Khoi tao mo hinh EfficientNetV2-S. Bé giai quyet su mat can bang dir liéu, bai
viét str dung Focal Loss thay vi Cross-Entropy tiéu chuan. Ham nay ép mé hinh tap
trung hoc cac mau kho hoic cac 16p co it mau bang cach diéu chinh trong s6 thong qua
tham sd 7. B t6i vu hoa AdamW duoc st dung voi tdc d6 hoc 1a 1x107*
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Hinh 6. Két qua mé hinh hudn luyén cia cdc chi ndm trong bé dir liéu
Nguodn: tac gia, 2026
Buée 4: Danh gia hiéu ning mé hinh
Pé danh gia hiéu qua ctia mo hinh d& xudt, nghién cru st dung cac chi s danh

gi4 pho bién trong linh vuc hoc may [8,14], nham phan anh kha ning phan loai va do tin
cdy cua mo hinh trén tap dir liu thuc nghiém.
Accuracy duoc str dung dé do ludng ty 1é s6 mau duoc mé hinh du doan chinh
x4c trén tong sO mau trong tap dir licu, va dugc xac dinh theo cong thirc:
TP+TN
TP+TN+FP+FN

Accuracy =

Trong d6 TP - True Positive: chan doan dang, s6 mau Positive dugc phan loai
ding
TN - True Negative: loai trir ding

FP - False Positive: chan doan sai, s6 mau Negative bi phan loai nham
thanh Positive

FN - False negative: bo sot, loai trir nham

Sensitivity (do nhay), con dugc goi 1a Recall hodc True Positive Rate (TPR), 1a
chi s do luong kha nang cua mé hinh trong viéc nhén dién ding cac mau thudc 16p
Positive. Chi s6 nay dugc tinh bang ty 18 giita s6 trudong hop duoc du doan Positive
dung (True Positive) trén tong sd cac trudng hop Positive thue té. Sensitivity phan anh
muc d6 md hinh c6 thé phat hién chinh xac cac ddi tuong can nhan dién, va duoc xac
dinh theo cong thuc:

TP
TP+ FN
Precision 1a chi s danh gia kha ning du dodn chinh xac cac méu thugce 16p
Positive ctia mo hinh. Trong bdi canh b dit liéu c6 su mat can bang gitra s6 luong mau

cua cac 10p (data imbalance), Precision tr¢ thanh mét chi s0 quan trong nham do luong
mure do tin cdy cua cac du doan Positive. Chi sb ndy dugc xac dinh bang ty 18 giira s6

TPR = Recall =
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mau dugc dy doan Positive dung (True Positive) trén tong sé miu duoc md hinh du
doan 1a Positive. Precision dugc tinh theo cong thurc:

TP
TP+ FF

F1 score 1a chi s6 duoc x4c dinh dya trén trung binh diéu hoa (harmonic mean)
giita hai dai lugng Precision va Recall. Chi s6 nay phan anh sy cin bang giita kha ning
du doan chinh x4c cic mau Positive va kha ning phat hién day du cac méu Positive cla
md hinh. Fl-score ddc biét hitu ich trong cac bai toan c6 dir liéu mét can bﬁng, khi can
danh gia ddng thoi ca Precision va Recall thay vi chi str dung riéng 1é timg chi sd. F1-
score dugc tinh theo cong thirc:

Precision =

Precision x Recall
Fl=2x

Precision + Recall

ROC (Receiver Operating Characteristics) 1a duong cong duoc st dung dé
danh gia hidu suat phan loai ciia mé hinh. Puong cong ROC biéu dién mbi quan hé giira
True Positive Rate (TPR) va False Positive Rate (FPR) tai nhiéu ngudng phan loai khac
nhau. Mdi diém trén dudng cong tuong (mg véi mot cip gia tri (TPR FPR)tai mot
ngudng xac dinh, qua d6 phan anh kha nang phan biét gitra cac 16p cia mo hinh. Dua
trén dudng cong ROC, chi s6 AUC (Area Under the Curve) dugc tinh bang dién tich
nam duéi dudng cong ROC. Chi sé6 AUC duoc st dung dé danh gia tong quat hiéu suit
phan loai ctia mé hinh; gia tri AUC cang gan 1 cho thdy m hinh c¢6 kha nang phan biét
giita cac 10p cang tot, trong khi gia tri gan 0,5 phan anh hiéu suat phan loai gan tuong
duong v6i du doan ngiu nhién.

4. Két qua, thio luin

Trong nghién clru nay, chiing t6i tap trung xay dung mo hinh tri tu¢ nhan tao
phuc vu bai toan nhan dang va phan loai chi nam dua trén dit liéu hinh anh. M6 hinh
duogc phat trién bang ngon ngir 1ap trinh Python két hop voi cac thu vién hoc may va
danh gia mo hinh nhu scikit-learn nham t6i uu hoa qua trinh huan luyén va danh gia
hiéu suat. Dit lidu thyc nghiém bao gdm hinh anh ctia 9 chi nAm da dugc cac chuyén gia
nam hoc gan nhin va coéng bd trén nén tang Kaggle (kaggle, 2018). Hiéu qua cia mo
hinh AI dugc kiém chimg théng qua cac thi nghiém thyc nghiém va céc chi s6 dénh gia
phan loai. Két qua nghién ctru s& dugc trinh bay, phan tich va dbi chiéu véi cac cong
trinh lién quan nham 1am rd kha niang hoc dic trung hinh anh, hiéu suit nhan dang ciing
nhu tiém ning tmg dung thuc té cia mo hinh dé xuat trong hd tro nhan dang nm.

Ma trdn nham lin (confusion matrix)

Ma tran nham lan duoc dung dé danh gia hiéu suit cuia moé hinh bang cach so
sanh cac gia tri muc tiéu thyc t& v6i cac gid tri du doan. N6 cung cap phan tich chi tiét
vé cac du doan chinh xac (duong chéo) va cac phan loai sai (ngoai dudong chéo), cho
thdy nhing 16p nao thudng bi nham 1dn. Ma tran nham 1an chimg minh rang md hinh c6
kha nang hoc dugc cac ddc trung phan biét quan trong cua ting chi nam, dic biét & cac
16p ¢6 sb lwong méu 16n va ddc diém hinh théi 16 rang. Tuy nhién, cac 16i nham 1an giira
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Lactarius va Russula, ciing nhu giita Cortinarius va Lactarius, cho thiy can tiép tuc cai
thién kha ning trich xuat dic trung ¢ nhitng nhom nim c6 hinh thai twong déng. Viéc
két hop thém cac ky thuat truc quan hoa nhu Grad-CAM c6 thé gitp xac dinh ving anh
ma mo hinh tap trung khi du doan, tir d6 ho tro danh gia liéu mo hinh dang dua vao céac
dic diém sinh hoc phu hop nhu mii nam, phién nam, cuéng nam. Chi tiét ma trAn nham
1an dugc minh hoa trong Hinh 7.

Ma tran Nham lan (Confusion Matrix)
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Hinh 7. Confusion matrix ciia mé hinh dinh danh chi nam
Ngudn: tac gia, 2026
Két qua mé hinh phén logi tir dit liéu hinh dnh

Két qua ROC duoc thé hién & Hinh 8 cho thay mo hinh c6 kha ning phan loai
tén chi ndm rat tot. Hau hét cac duong cong ROC déu ndm gan goc trén bén trai va cach
xa duong chéo ngau nhién, chirng té6 mo hinh dat ty 1é du doan diing cao va ty 1é duong
tinh gia thap. Cac gia tri AUC cua cac 16p déu 16n hon 0,97, trong d6 Hygrocybe dat
cao nhit voi 0.995, tiép theo 1a Boletus véi 0,99, Entoloma véi 0,989 va Suillus voi
0,987. Piéu nay cho thay moé hinh c¢6 kha ning phan biét tot gira cac chi ndm khéc
nhau. Nhin chung, két qua ROC khéng dinh mo hinh ¢6 hiéu suét phan loai 6n dinh,
dang tin cdy va phu hop cho bai toan du bao tén chi ndm duya trén hinh anh
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Puong cong ROC da lop

0.4 ¢

Ty |é Duong tinh that (True Positive Rate)
N\

g —— Agaricus (AUC = 0.975)
’ - Amanita (AUC = 0.983)
0.2 1 4 —— Boletus (AUC = 0.990)
= Cortinarius (AUC = 0.982)
e —— Entoloma (AUC = 0.989)
s - Hygrocybe (AUC = 0.995)
¢ Lactarius (AUC = 0.979)
e —— Russula (AUC = 0.981)
. — suillus (AUC = 0.987)

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Ty |é Duong tinh gia (False Positive Rate)
Hinh 8. Keét qua hiéu nang ciia mé hinh dé xuat.
Ngudn: tac gia, 2026

Hinh 9 cho thiy mé hinh da duoc str dung dé du doan tén chi ndm dua trén anh
dau vao. O anh bén trai 1a hinh anh thuc té cia miu nim, trong khi 4nh bén phai thé
hién két qua du doan ctia mé hinh két hop véi ban dd chu ¥ truc quan. M6 hinh di dy
doan mau ndm thudc chi Cortinarius 13, va mau nam thudc chi Amanita véi do tin cay
rt cao, dat 100%. Ban d6 mau trén anh bén phai cho thdy mé hinh tip trung chu yéu
vao cac ving ddc trung quan trong clia cdy nam nhu mil ndm, than nim va phan gbc,
day 1a nhimg dic diém hinh thai c6 y nghia trong viéc nhan dién chi nim. Piéu nay
chimg minh ring mo hinh khong chi dua ra két qua phéan loai chinh xdc ma con c¢6 kha
nang hoc va khai thac cac dic trung thi giac lién quan dén cau trac sinh hoc ctia nam.

Nhin chung, két qua minh hoa cho thidy mé hinh xay dung c6 kha nang du doan
tén chi nAm hiéu qua, dong thoi ban do cha ¥ giup ting tinh giai thich va do tin cdy cta
mo hinh trong qua trinh phan loai hinh dnh nim.

Thyc té: Amanita

e e AN

.......

Hinh 9. Két qua nhdn dang hinh danh céc chi ndm
Ngudn: tac gia, 2026
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So sanh hi¢u ning mé hinh thuc nghiém véi cdc nghién ciru Khac.

Két qua thuc nghiém trén bo dit liéu hinh anh ndm thyc té cho thdy mé hinh dé
xuét dat do chinh xéac phan loai 1én dén 98%, cho théy hi€u nang vuot trdi so voi nhiéu
nghién ctru truée day trong linh vuc nhan dang va phan loai ndm bang thi gidc may tinh.
Viéc két hop giita kién trac EfficientNetV2-S va co ché tryc quan héa Grad- -CAM
khong chi cai thién hiéu suit phén loai ma con cung cap bang chtng truc quan vé cach
mo hinh nhan dién cac dac diém phan biét giita cac chi ndm, cac Hinh anh 7, 8 va 9 mo
ta chi tiét cac khia canh nay. Bén canh do, céac két qua cua mo hinh dé xuét con duge so
sanh voi két qua du doan cung chirc ning nhu nghién ciru cia tac gia (Zhao, Kexin, et
al, 2023) va (Ozsari et al., 2024) Cac d6 do hiéu ning cua mé hinh dé xuét dugc liét ké
chi tiét ¢ Bang 2.

Bang 2. So sanh hiéu ning ciia md hinh dé xuit véi cac tac gia trén cung tap dir
liéu nghién ciru

M4 hinh tham khao Ky thuit sir dung Accuracy | Precision | Recall F1 score
(Zhao, Kexin, et al, 2023) | Swin Transformer 0.87 - - -
(Ozsari, et al, 2024) DenseNet121 0.92 0.94 0.90 0.92

M3 hinh dé xuét EfficientNetV2_S 0.98 0.95 0.98 0.98

5. Két luan

Bai bao nay dé xuat mot khung hoc sau gon nhe, hiéu qua va c6 kha ning dién
giai dya trén kién tric EfficientNetV2-S nham phan loai hinh anh ndm véi d6 chinh xéac
cao. Diém nbi bat ciia nghién ctru 1a viée tich hop k¥ thuat Gradient-weighted Class
Activation Mapping (Grad-CAM), Grad-CAM trong giai doan tién xir 1y va phén tich
anh, gitp xac dinh cac ving dic trung quan trong ma mo hinh sir dung dé dua ra quyét
dinh phan loai. Thay vi chi khai thac toan by anh dau vao mot cach thu dong, Grad-
CAM hd trg lam ndi bat cac khu vuc cd gia tri sinh hoc va hinh thai hoc cao, chéng han
nhu mil ndm, Cuéng nam, phién nam hodc cac dic diém bé mat dic trung. Nho do, qué
trinh hoc dic trung cia md hinh tré nén tap trung hon, dong thoi ting cudng kha ning
giai thich két qua du doén.

Nhin chung, nghién ctru chimg minh ring cac mé hinh hoc sdu gon nhe, khi
duogc két hop véi k¥ thuat tién xir Iy va dién giai anh dua trén Grad-CAM, c6 thé dat
dugc ba gia tri quan trong: hiéu suat cao, kha ning trién khai thue tién va tinh minh
bach trong du doan. Nhirng két qua nay khong chi dong gop nén tang hoc thuét cho cac
nghién ctru tiép theo vé phan loai nAm ma con mé ra tiém nang tng dung trong nong
nghiép thong minh, an toan thuc pham va cac hé thong nhéan dang sinh hoc dugc ho tro
béi tri tué nhan tao.

Lot cam on

) Nghién cuu nay duwoc tai tro boi Truwong Pai hoc Thu Dau Mét trong deé tai ma
so DT.23.2-064
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