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ABSTRACT

Accurate insect classification is a key factor in pest management and
crop protection. This study proposes an insect classification method
using the YOLOvll deep learning model, which features
architectural and performance improvements. Two datasets are
used: IP102 and PEST204, with PEST204 being an extended version
of IP102 that includes more species and enhanced image quality.
Variants of YOLOvII are applied in combination with transfer
learning and data augmentation to improve accuracy. The models
are evaluated using metrics such as accuracy, processing time, and
computational resource usage. Results showed that YOLOI Ix-cls
achieves the highest accuracy, while YOLOI In-cls and YOLOI Is-
cls demonstrate potential for deployment on mobile devices due to
their good performance and fast inference speed. Additionally, the
Eigen-CAM technique is used to visualize important image regions,
enhancing model interpretability. The findings confirm the
effectiveness of YOLOv11 in insect classification, contributing to the
development of intelligent agricultural systems.

Keywords: Deep learning, insect classification, YOLO
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1. GIOI THIEU

Con trung dong vai tro quan trong trong hé sinh
thai nong nghiép, vura 1a tdc nhan gay hai cho cay
trong, vira 14 cac loai thién dich c6 ich. Céc loai con
tring gdy hai co thé lam g1am san luong va chit
luong nong san, gay t6n that nghiém trong cho san
xudt nong nghiép (Estruch et al., 1997). Nguoc lai,
nhirng loai thién dich hd trg klem soat sdu bénh mot
céch tu nhién, gop phan can bang hé sinh thai va han
ché viéc str dung thude bao vé thuc vat. Tuy nhién,
dudi tic dong cia bién ddi khi hau, 6 nhiém moi
truong va viéc lam dung hoa chit nong nghiép,
nhiéu loai c¢on tring c6 ich dang bi suy giam nhanh
chong, trong khi cac loai gy hai ngay cang phat
trién manh (Oberti et al., 2016).

Phan loai va nhan dang chinh xac con trung la
yéu tb then chdt trong viéc xay dung cac bién phap
phong trir sdu bénh hiéu qua va bén ving. Tuy
nhién, viéc nhén dién con trung theo phuong phap
truyén thong doi hoi chuyén mén séu va t6n nhiéu
thoi gian do su da dang vé loai, sy khac biét hinh
thai tinh vi va céc yéu t6 ngoai canh nhu diéu kién
anh sang, tu thé hay nén anh phie tap (Al-Hiary et
al., 2011). Do d6, nhu ciu phat trién cac hé thong tur
dong nhan dang con trung ngdy cang trd nén cép
thiét, nhat 1a trong bbi canh phat trién nong nghiép
thong minh va bén viing.

Trong bdi canh hé théng néng nghiép thong
minh, phan loai con trung la mot khau trung gian
quan trong trong chudi gidm sat — canh bao — ra
quyét dinh. Két qua phan loai theo loai cho phép hé
théng tu dong ghi nhan thoi diém va mat do xuét
hién cuia ting loai gay hai trén tung khu vuc, tr d6
cung cép dau vao cho cac mo-dun du bao bung phat
dich hai va mo-dun khuyén nghi bién phéap xir Iy phu
hop véi timg giai doan sinh truong ctia cy trong. Vi
vdy, bai toan trong nghién ciru nay khong chi dimg
lai 6 phan loai hinh anh thuan tiy, ma gin tryc tiép
v6i viée hd tro ra quyét dinh trong quan 1y su bénh.

Nhimng tién b gan diy cia cong ngh¢ hoc sau
(deep learning) dd mé ra nhidu hudng tiép can moi
cho bai todn phan loai hinh anh néi chung va nhan
dang con trung noéi riéng (Kirkeby et al., 2021;
Rustia et al., 2021; Doan et al., 2022). Cac m6 hinh
hoc séu, dic biét 1a cac kién trac CNN hién dai, da
ching minh kha ning trich xuat dic trung manh mg,
cho phép dat d chinh xac vuot trdi so vdi cac
phuong phap truyén théng. Trong s6 d6, dong md
hinh YOLO (You Only Look Once) ndi bat nho kha
nang can bé'lng tbt gilra tde do xu 1y va d6 chinh xac,
va da dugc ing dung rong rii trong nhidu bai toan
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thi gidc may tinh (Wang et al., 2012; Krause et al.,
2013).

Bai bao nay dé xuit mot huéng tiép can phan
loai c¢on trung dya trén md hinh hoc sdu YOLO, cu
thé 1a sir dung phién ban mé&i nhat YOLOv11 véi
nhiéu cdi tién vé kién trac va hiéu suét. Cac bién thé
ctia YOLOV11 duoc khai thac dé danh gia kha ning
phan loai trén hai by dir liéu IP102 va PEST204,
trong d6 PEST204 1a phién ban mo rdng va lam sach
ttr IP102 nham khéc phuc cac han ché vé chét luong
dir liéu. Bén canh d6, huéng tiép can con két hop ky
thuat hoc chuyén tiép (transfer learning) va ting
cuong dir lidu (data augmentation) nhiam nang cao
hiéu qua huén luyén, ddng thoi ap dung Eigen-CAM
dé phan tich va tryc quan hoa cic ving anh trong
yéu, gitip tang kha nang dién giai mé hinh.

Dong gop chinh cua bai bao co thé tom tit nhu
sau:

e D¢ xuit va danh gia mot cau hinh ap dung cac
bién thé YOLOv11-cls két hop hoc chuyén tiép tir
ImageNet va tang cuong dir li¢u cho bai toan phan
loai con trung trén hai b dir li¢u IP102 va PEST204.
Nghién ctru cung cdp mot phan tich dinh luong c6
hé thong vé d¢ chinh xac, thoi gian suy luén va chi
phi tinh toan cho timg bién thé mé hinh.

e Xay dung bd dir liéu PEST204 md rong tir
IP102 vé6i 204 16p con trung gdy hai nong nghiép.
Céc anh duoc ké thira tir IP102 va thu thap bd sung
tir cac ngudn hinh anh nong nghiép cong khai, sau
d6 duoc loc bo cac anh nhiu va ra soat lai nhin dé
dam bao tinh nhat quan. Bo dit liéu nay gop phan cai
thién d6 can bang giita cac 16p va chét lwong hinh
anh so v&i IP102, tir @6 phan 4nh tot hon céc tinh
hudng nhan dang con tring trong thyc té.

e Danh gia va phan tich chi tiét hiéu suat cia
c4c bién thé YOLOv11 trén hai tap dit liéu IP102 va
PEST204 thong qua nhiéu chi s6 nhu d6 chinh xac
Top-1, Top-5, thoi gian suy ludn va mirc st dung tai
nguyén.

e Ung dung phucn}g phap Eigen-CAM dé truc
quan hoa vung trong y€u trong qua trinh phén loai,
qua d6 nang cao kha nang giai thich két qua mod
hinh.

2. TONG QUAN NGHIEN CUU LIEN
QUAN

Trong nhitng nam gan day, cac phuwong phap hoc
sau da tro thanh xu hudng chu dao trong bai toan
phan loai con tring nhd kha ning trich xuit dic
trung ty dong va hi€u qua tur hinh anh. Cac moé hinh
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mang no-ron tich chdp (CNN) da dugc ap dung rong
rdi va dat dugc nhiéu thanh tyu dang ké trong phan
loai hinh anh sau bénh va con trung nong nghiép
(Chithambarathanu et al., 2023).

Mot sb nghién ctru dd chirng minh hiéu qua cia
viéc ung dung CNN trong nhan dang cOn trung.
Hansen et al. (2020) da 4p dung CNN dé phan loai
céc loai bo canh clmg tai Anh, dong thoi cho thay
viéc thu thap hinh anh hanh vi va méi trudng séng
clia con trung gitp cai thién dang ké do chinh xac
ctia mo hinh. Xia et al. (2018) da sir dung CNN dé
trich xuat dac trung da cép nham thue hién bai toan
phan loai nhiéu 16p con trung, dat két qua vuot troi
so voi cac phuong phap hoc may truyén thong.
Ngoai ra, Li et al. (2020) da tinh chinh m6 hinh
GoogLeNet dé phan loai 10 loai con tring trong diéu
kién thuc dia phtc tap, cho thay kha ning img dung
thyc tién cao ctia hoc sau trong méi trudng ty nhién.

Nghién ctru cia Almryad and Kutucu (2020) da
ap dung cac mo hinh deep learning nhu VGGI16,
VGG19 va ResNet50 dé nhan dang 10 loai buém,
dat d6 chinh xac 79,5% ngay ca khi dbi mat véi
nhitng thach thirc nhu vi tri, géc chup, khoang cach,
va nén anh phirc tap. Bén canh d6, Doan (2023) dé
xudt két hop mé hinh EfficientNet v&i phwong phap
phan loai SVM, dat d6 chinh xac cao trén cac tap dit
liéu Xie24, DO va IP102.

Céac phuong phap khac ciing dugce phat trién
nhiam nang cao kha ning nhén dién cén tring trong
cac diéu kién moéi truong thay ddi nhu anh sang,
chuyén dong va phic tap nén (Wang et al., 2017; Li
et al., 2022). Tuy nhién, cac nghién ctru nay thuong
chi dat hiéu qua cao trén cac tip dit li¢u hep hoac
trong diéu kién kiém soat, trong khi hi¢u suét thuc
té trén cac bo dir lidu 16n va da dang nhu IP102 van
con nhiéu han ché.

Nham khic phuc nhu'ng bat cap nay, mot s6 cong
trinh nghién ciru da dé xuét cac chién lugc ting
cuong nhu két hgp phuong phap cha y (saliency
methods) voi CNN, hodc xdy dung cac mo hinh tong
hop (ensemble models) dé cai thién do chinh xac
phéan loai (Nanni et al., 2022).

Nhin chung, mic du hoc sdu dd mé ra nhiéu co
hoi cho bai toan phan loai con trung, cac nghién ciru
hién tai van con dbi mit véi cac thach thic 16n nhu:
s6 luong loai phong phu, hinh thai twong dong, dir
liéu huan luyén khong dong déu va nhidu trong moi
truong ty nhién. bé nang cao hi€u qua nhan dang,
can nhitng huéng tiép can méi khai thac cac mé hinh
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hoc séu ti wu hon, déng thoi cai thién chat luong va
d6 da dang cta b dir li¢u.

Ngoai ho m6 hinh YOLO, nhiéu kién trac nhe
khac nhu MobileNet, ShuffleNet va EfficientNet
cling dugc st dung rong rai cho cac bai toan phan
loai trén thiét bi di dong nho sb lugng tham s6 nho
va chi phi tinh toan thdp. Tuy nhién, trong pham vi
bai bao nay, cac bién thé YOLOv1 1-cls cho bai toan
phén loai con trung dugc tip trung danh gia mot
cach c6 hé théng, do d6 chua tién hanh so sanh truc
tiép véi céac kién trac nhe khac. Viéc mo rong so
sanh thyc nghiém véi cac mo6 hinh nhu MobileNet,
EfficientNet hay ShuffleNet dugc xem la hudng
nghién ctru tiép theo.

Xuét phat tir nhitng nhan dinh d6, nghién ctru
nay dé& xuét s dung cac bién thé cua mé hinh
YOLOv11, két hop vdi hoc chuyén tiép va ting
cuong dir li€u trén b tdp di li€u dugc néang cép
PEST204, nhim khic phuc cac han ché cua cac
phuong phap truge day va nang cao hiéu qua phéan
loai con tring trong diéu kién thyc té.

3. PHUONG PHAP
3.1. M6 hinh YOLOv11

YOLO (You Only Look Once) la mét dong mo
hinh hoc sdu ndi bat trong linh vuc nhan dang dbi
tuong nho kha ning can bang tot gitta toc do va do
chinh xac. Trong cac phién ban méi nhit, YOLOv11
tlep tuc ké thira va phat trlen céc cai tién kién trac
nham t6i wu hoa hiéu suit cho nhiéu nhiém vu thi
gidc may tinh, bao gdm phén loai hinh anh, phat hién
dbi twgng, phan doan va nhan dang tu thé.

Khac vai cac phién ban trude, YOLOvI11 dugce
thiét ké véi ba thanh phan chinh: Backbone, Neck,
va Head, mdi thanh phan duoc t6i wu hoa dé ting
kha nang trich xuat dic trung, truyén tai thong tin va
du doan dau ra chinh xéc. Kién trac téng thé cua
YOLOv!11 danh cho bai toan phan loai con trung
duoc minh hoa trong Hinh 1.

Trong kién trac Backbone, YOLOv11 sir dung
cac khdi CBS (Convolution-BatchNorm-SiLU) dé
trich xuat dac trung co ban tir hinh anh dau vao, két
hop v6i cac khdi C3k2 nham khai thac cac méi quan
hé ngilt canh cuc bd va toan cuc hiéu qua hon. Chu
trac C3k2 1a mot bién thé cai tién tir khdi C3 truyén
thdng v6i hai tang convolution 3x3 thay vi ba, giup
giam s6 lugng tham s6 ma van duy tri hiéu qua trich
xudt dic trung. Cong thire tng quat cho dau ra cua
mot khbi C3k2 c6 thé biéu dién nhu sau:
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Hinh 1. Kién tric tong thé ciia mé hinh YOLOv11 dworc sir dung cho bai toan phan loai con tring

C3k2(X) = Conv3x3(X) + Conv3x3(Split(X))

Trong d6, X 1a d4u vao va phép Split chia X thanh
hai nhanh xt ly song song, sau d6 cong gdp de tai
hop thong tin.

Bén canh d6, YOLOv11 bo sung mo-dun SPPF
(Spatial Pyramid Pooling Fast) nhim mé rong
truong nhin nhén dién (receptive field) ma khong
lam ting d6 phirc tap tinh toan dang ké. Pong thoi,
md-dun C2PSA (Cross-Stage Partial with Self-
Attention) dugc tich hop dé ting cuong kha ning
nam bét cic mbi quan hé khong gian dai han thong
qua co ché ty chi ¥ (self-attention), dic biét hiru ich
trong viéc phan loai céc loai ¢on trung co6 hinh thai
tinh vi.

Trong thanh phan Neck, YOLOv11 &p dung
chién lugc két ndi skip (skip connections) két hop
v6i cac khdi upsample va C3k2 nham tai két hop
thong tin tir cac tang dic trung sau va nong, giup duy
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tri d9 chi tiét trong qua trinh truyén dic trung. Phan
Head ctia md hinh duoc t6i wu héa cho nhiém vu
phan loai v6i cac ting convolution 2D cudi cling dé
sinh ra cc x4c suit phan 16p. Tong thé, kién tric cua
YOLOv11 thé hién mot sy két hop hai hoa giira viéc
khai thac cac dac trung cuc by va toan cuc, tang
cuong kha ning hoc biéu dién phtrc tap ma van dam
bao téc d6 suy luan nhanh va kha ning téi wu tai
nguyén.

Hinh 1 minh hoa truc quan kién tric téng thé cua
md hinh YOLOv11 ap dung trong bai toan phan loai
¢on trung. Hinh anh du vao duogc xtr 1y qua chudi
cac khdi CBS va C3k2 tai Backbone, sau d6 thong
tin dic trung duoc tai td hop tai Neck théng qua cac
phép két ndi va upsampling. Cudi cung, phan Head
thuc hién viéc phan loai b'fmg cach anh xa cac dac
trung tong hop thanh cic xac suat 16p dau ra. Cau
tric nay cho phép mo hinh khai thac tot cac dic
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trung da cép, tr 6 nang cao hi¢u qua nhan dang cac
loai con trung trong moi trudng tu nhién phic tap.
3.2. Tap dir liéu
3.2.1. Tap dir lieu IP102

IP102 14 mét trong nhitng b dit liéu 16n nhat
hién nay phuc vu cho bai toan phan loai con trung,
dugc cong bd bai Wu et al. (2019). Bo dir liéu nay
bao gébm hon 75.000 hinh anh thudc 102 loai con
trung gy hai khac nhau, duoc thu thap tir nhiéu
ngudn da dang nhu internet, bao chi, tap chi khoa
hoc va tai liéu nghién ctru. IP102 phan anh sy da
dang sinh hoc trong madi truong tu nhién va néng
nghiép, dong thoi thé hién dic trung phan ph01 mat
cin bang gilta cac 16p — mot thach thue phd bién
trong viéc huan luyén cac mé hinh hoc sau.
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Hinh 2. Mét s6 hinh 4nh trong b¢ dir li¢u IP102
khong chira doi twgng con trung hodc chira
nhi€u vat thé khac giy nhieu

Tuy nhién, IP102 vin ton tai mot s6 han ché anh
hudng dén chat lugng dir liéu huin luyén. Cu thé,
trong bo dir liéu xuat hién nhiéu hinh anh khéng
chtra d6i tugng con tring, hodc chira ddng thoi nhiéu
vat thé khong lién quan nhu thuc vét, trai cay hoac
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san pham thuong mai, gay nhiéu trong qua trinh hoc
(Hinh 2). Bén canh d6, mot s6 loai chi c¢6 s6 luong
mau anh rat han ché, lam ting nguy co overfitting
va anh huéng dén kha ning téng quat hoa ciia mod
hinh hoc sau.

Dé khic phuc cic van dé trén va cung cap mot
nén tang dit liéu chét luong cao hon cho bai toan
phan loai con trung, nghién cru ndy da xay dung va
giéi thiéu mot bd dir li€u nang cap mang tén
PEST204 véi sb lugng loai phong pht hon va chét
luong hinh anh duogc kiém soat chit ché.

3.2.2. Tap dir liéu PEST204

Nham khic phuc cac han ché ton tai trong bo dir
lidu IP102 va dong thoi cung cap mot ngudn dir liéu
chat lugng cao hon cho bai toan phén loai con tring,
nghién ciru nay da phat trién bo dir liéu PEST204.
bay la mot dong gop quan trong, gitp cai thién dang
ké chét luong va do da dang cua dit liéu hudn luyén
cho cac mo hinh hoc sau.

Bo dir liéu PES’T204 dugc xay dung dya trén
IP102 véi cac cai tién dang ké nhu sau:

(i) S6 luong loai con trung dugc mé rong tur
102 1én 204, phan anh sy phong pht hon vé mat
chung loai sinh vat;

(i1) Qua trinh loc dir liéu dugc thuc hién k¥
ludng dé loai bo cac hinh anh khong chira d6i tuong
con trung hodc chura nhiéu vat thé hdn tap, nham
giam nhiéu va nang cao tinh chinh xac cho nhiém vu
phén loai;

(iii) Cac 16p dir li€u duge can bang lai, han ché
tinh trang méat can dbi s6 luong mau gitra cac loai,
tir 6 cai thién kha nang hoc va téng quat hoa cia
mo hinh.

(iv) B0 dit liéu PEST204 duogc xay dung theo ba
budc chinh. Tht nhat, cac anh tir IP102 duoc st
dung va loai bd cac anh khong chira con trung hoac
¢6 chit lugng kém (mo, bi che khuit phan 16n d6i
tuong). Thr hai, anh cho cac 16p con triung it mau
dugc thu thap, bd sung tir cic ngudn hinh anh néng
nghiép cong khai va tai liéu truc tuyén, sau d6 ap
dung cuing tiéu chi loc nhidu. Thir ba, toan bd anh
duoc ra soat va gan nhan dya trén mo ta 16p trong
IP102 va céac tai li€u nhan dang con trung néng
nghiép, nhim dam béo tinh nhat quan giira cac 16p.
Nho vay, PEST204 co s6 16p phong phu hon va
phan bb mau can bang hon so voi IP102.
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Pseudococcus comstocki

Lycorma delicatula

Mamestra Brassicae

Ostrinia furnacalis

v

Dicladispa armigera

Meloidae Cicadellidae

Achatina fulica Rhytidodera bowringii White
X7 -

Hinh 3. M{t s_f') hinh 4nh minh hea tir by dir li¢u
PEST204, thé hi¢n sy da dang vé chiing loai va
hinh thai con tring

Mot s6 hinh anh miu trong bo dir licu PEST204
dugc trinh bay trong Hinh 3, cho thiy sy da dang vé
hinh thai, kich thudc va méi truong séng ciia cac
lodi con tring. Piéu nay giup mé hinh hoc séu c6
the hoc dugc cac dac trung phong phi va thich ing
t6t hon véi didu kién thuc té, noi cac bién dong moi
trudong va sy da dang sinh hoc dién ra manh mé.

Nho nhitng cai tién néu trén, PEST204 trd thanh
mot ngudn dir 1iéu ph hop hon dé huin luyén va
danh gia cac mo hinh hoc sau hién dai, dong thoi
d6ng vai tro hd trg phat trién cac hé thong nhan dang
cOn trung thong minh trong linh vuc nong nghiép va
bao vé thuc vat.

3.3. Chién lwgc ting cwong dir liéu

Tang cuong dir liéu (Data Augmentation) 1a mot
k¥ thuat thiét yéu trong hoc sau, nham cai thién kha
ning téng quat hoa ciia md hinh bang cach nhan
rong bd dir liéu huin luyén thong qua cac phép bién
dbi hinh anh hop ly (Mikolajczyk et al., 2018;
Shorten et al., 2019). Dac bi¢t trong cac bai toan
phan loai con trung, dir liéu hinh anh thu thap tir mo6i
truong tw nhién thuong khong phong phu vé sb
luong va da dang v¢ dic trung, dan dén nguy co
overfitting khi huén luyén cac mo hinh mang no-ron
sau.
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Chién luoc ting cudng di liéu trong nghién ctru
nay dugc thiét ké nham phan anh cac bién thién thuc
té nhu thay doi goc nhin, thay ddi ty 1¢ kich thudc,
di chuyén vi tri con tring trong khung hinh va dbi
xtng hinh anh. Cac k¥ thuat ting cuong cu thé duoc
ap dung bao gdm:

* Xoay (Rotation): Xoay ngau nhién hinh anh
trong khoang +25 d dé md phdng cac gdoc chup
khéc nhau.

o Thay doi ty 1¢ (Scaling): Piéu chinh ty 1¢ hinh
anh trong pham vi +50% nham lam phong phu cac
kich thuéc doi tugng.

_* Dich chuyén (Translation): Dich chuyén
ngau nhién hinh anh theo phuong ngang va phuong
doc, v6i d6 1éch toi da 10% so véi kich thude goc.

e Lat ngang (Horizontal Flipping): Lat ddi
xtng hinh anh theo phuong ngang véi xac sudt 50%.
Gia str x 1a mot mau dit liéu gde va T'1a mot ham
bién d6i dai dién cho cac phép ting cudng dir liéu,
thi mau méi x' dugc biéu dién dudi dang: x' = T(x);
trong d6 T thudc tap hop cac phép bién d6i nhu
xoay, thay doi ty 18, dich chuyén va lat ngang.

Viéc ap dung déng thoi nhiéu phép bién do6i
trong mdi epoch huan luyén giap mo hinh tlep xuc
v6i cac bién thé da dang cua cing mot d6i tuong,
qua d6 ting cudng kha ning hoc cac dic trung bét
bién (invariant features) va ning cao d6 bén vimng
ctia md hinh trude cac bién dong trong dir liéu dau
vao.

Hinh 4 minh hoa mét vi du vé cach mot anh con
tring ban du duoc bién doi thanh nhiéu phién ban
khéc nhau thong qua cac k¥ thuét ting cuong da ap
dung. Nho chién lugc ting cuong dit liéu hop 1y, mo
hinh hoc sau ¢6 thé khai thac toi da thong tin tir bo
dir liéu ban d4u, giam thiéu hién tuong overfitting
va cai thién hiéu suét phan loai trén ca hai bo dir li¢u
1P102 va PEST204.

3.4. Ung dung hoc chuyén tiép

Hoc chuyén tiép (Transfer Learning) la mot
phuong phap phé bién trong hoc sau, cho phép khai
thac cac dac trung da hoc tor mot bai toan nguén voi
dir lidu 16n dé giai quyét hi€u qua mot bai toan dich
¢6 dit liéu han ché (Li et al., 2022). Thay vi huin
luyén m6 hinh tur dau hoc chuyen tiép tan dung cac
trong sb6 d3 duoc t6i wu trude trén cac tap dir liéu
chuén nhu ImageNet, noi m6 hinh da hoc dugc cac
dic trung co ban nhu bién canh, két cdu, hinh dang
va mau sic (Deng et al., 2009).
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epoch: 1  epoch: 2

epoch: 3  epoch: 4

epoch: 5 epoch: 6 epoch: 7

epoch: 8 epoch: 9 epoch: 10

(b)

Hinh 4. Minh hoa vé anh ting cwong thong qua
két hop cac phép xoay, thay ddi ty 1¢, dich
chuyén va lat ngang trong 10 epoch

Ghi chii: (a) Anh géc, (b) Cdc dnh dd duwoc ting cuong

Ap dung hoc chuyén tiép mang lai nhiéu loi ich
quan trong trong bai toan phan loai con trung:

e Tiét kiém thoi gian hudn luyén: Giam sb
luong epoch can thiét dé mo hinh hoéi tu.

e Cdi thién dg chinh xic tong thé: Cac dic
trung co ban da hoc tir ImageNet hd trg mo hinh
nhanh chong thich tng véi dac trung hinh anh cua
coOn trung.

e Giam yéu cau dir liéu hudn luyén lon: Pac
biét hitu ich khi bg dit liéu con trung nhu [IP102 hodc
PEST204 c6 sy phan b khong dong déu giita cac
16p.
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e Han ché overfitting: Céc trong sb pre-trained
dong vai tro nhu mdt hinh thuc regularization ban
dau.

Trong nghién ctu nay, toan by cac md hinh
YOLOv11 duoc khéi tao béng trong s6 d3 duoc
huén luyén trudc trén tap dir liéu ImageNet. Sau do,
cac mo hinh dugc tinh chinh (fine-tuning) trén hai
tap dir liéu IP102 va PEST204. Qua trinh fine-tuning
dugc thyc hién véi tde do hoc (learning rate) phu
hop nham diéu chinh cic trong s0 mot cach mém
mai, vira tin dung cac déc trung tong quat di hoc,
vira thich nghi véi ddc diém cu thé ciia bai toan phan
loai con trung.

Chién lugc fine-tuning trong nghién ctru nay chi
cap nhat trong sb & cac tang cao (cac 16p fully
connected hodc convolution cudi ciing), trong khi
céc tang thip (early layers), von dd hoc dugc cac dic
trung co ban hiru ich, dugc gilt nguyén hodc cap
nhat rit cham. Diéu nay giup duy tri kha ning téng
quét cia mo hinh, dong thoi tp trung vao viéc phan
biét cac dic trung tinh té gitra cac loai con trung.

Nho ting dung hiéu qua k¥ thuat hoc chuyén tiép,
cac md hinh YOLOvl1 trong nghién ctru da dat
duoc két qua hudn luyén 6n dinh, giam thiéu hién
tuong overfitting, ddng thoi cai thién rd rét do chinh
xac phan loai so voi viée huén luyén tu dau.

4. KET QUA THUC NGHIEM
4.1. Thiét 1ap thuc nghiém

Céc thyc nghiém dugc tién hanh nham danh gia
hiéu suét phan loai ciia cac bién thé YOLOv11 trén
hai tap dir liéu IP102 va PEST204. Toan bd qua trinh
huén luyén va danh gi4 dwoc thuc hién trong moi
truong phan ctng va phan mém nhu sau:

e Bo xtr ly (CPU): Intel Core i17-13700K,
xung nhip 2,4 GHz

e Bd nhd (RAM): 32 GB

e Boxutly dd hoa (GPU): NVIDIA RTX 4070
Ti Super, 16 GB VRAM

e Heé diu hanh: Ubuntu 22.04

e Framework hoc sau: PyTorch 2.6

B¢ dir liéu dugc chia thanh ba tap: tap huin
luyén (training set) chiém 60%, tip xac thyc
(validation set) 30%, va tap kiém tra (testing set)
10%. Viéc phan chia dugc thyc hién ngau nhién,
ddng thoi bao dam phan phdi mau gitra cac 16p duge
can bang nhdm duy tri tinh da dang va kha ning dai
dién cua dir liéu trong mdi tap con.
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Trong qué trinh huan luyén, cac tham so chinh
duoc cau hinh nhu sau:

e Thuit toan tdi wu hoa: Stochastic Gradient
Descent (SGD)

e Tbc d6 hoc ban diu (initial learning rate):
0,01

e H¢ s6 momentum: 0,9

e H¢ sb suy giam trong sd (weight decay):
0,0005

e Kich thudc batch: 16 (1a gia tri t6i da phu hop
véi gidgi han bd nhd GPU)
e S6 lugng epoch: 40

Viéc lya chon cac tham sO trén dua trén cac
nguyen tac thuc nghiém tong quat va kinh nghiém
pho bién trong huan luyén cac mé hinh hoc sau hién
dai. Thuat toan SGD dugc lya chon nhd kha nang
t6i uru hoa 6n dinh va hiéu qua cho cac bai toan phan
loai quy mo lon. Tbc @6 hoc ban dau 0,01, két hop
v6i hé s6 momentum 0,9, giup ting toc do hoi tu
trong giai doan ddu huan luyén ma van duy tri tinh
on dinh. Hé s6 weight decay 0,0005 dong vai trd nhu
mot co ché regularization, gép phan han ché hién
tuong overfitting. Kich thugc batch 16 dugc chon la
mirc t01 uu trong gi6i han tai nguyén GPU, can bang
gitia tdc do huan luyén va d¢ 6n dinh gradient. S6
luwong epoch 40 dugc xac dinh dya trén cac thuc
nghiém tién kiém, dam bao mé hinh ¢ du thoi gian
hoc hiéu qua ma khong gay ra hién tugng hoc qua
muc (overfitting).

Céac mo6 hinh YOLOv11 dugc khéi tao véi trong
s6 d3 hudn luyén trudce trén tap dir liéu ImageNet,
sau d6 duoc tinh chinh (fine-tuning) trén hai b dir
liéu IP102 va PEST204. Trong qua trinh huén luyén,
chién luoc tang cuong dit lidu dwoc 4p dung dong
b6 dé 1am phong pht dir liéu huén luyén, ting cudng
kha ning tong quat hoa va cai thién hiu suat mo
hinh trén dir liéu.

4.2. DP§ do danh gia

Dé danh gia hi¢u sudt phan loai ctia cac mo hinh,
nghién ciru nay sir dung cac d6 do tiéu chuan pho
bién trong hoc sau, bao gom:

_® D¢ chinh xac Top-1 (Top-1 Accuracy): Ty 1&
phan tram s6 lvong mau ma dyu doé}n chinh xac nhat
(top-1) trung khép v6i nhan thuce te.

* D¢ chinh xdac Top-5 (Top-5 Accuracy): Ty 1&

phan tram s6 lugng mau ma nhan thyce té nam trong
05 dy doan c6 xéac suit cao nhit cia mé hinh.

o Thoi gian suy lugn (Inference Time): Thoi
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gian trung binh tinh bang mili- -gidy (ms) dé mo hinh
dua ra mot du doan cho mot mau dau vao.

e S6 lwong tham sé (Parameters): Tong sb
tham s hoc duge ciia mé hinh, biéu thi mirc d6 phurc
tap clia mang no-ron.

e FLOPs (Floating Point Operations): Téng so
phép toan “floating point” can thiét dé xir Iy mot mau
dau vao, dai dién cho chi phi tinh toan ciia m6 hinh.

Do chinh xac Top-1 va Top-5 dugc tinh theo
cong thuc sau:

S6 lwong dw doan
chinh xac

~ X X 100%
Tong s6 mau

Top-1 Accuracy =

SO lwong c6 nhian
dung ndm trong
5 dy dodn hang dau

% x 100%
Tong s6 mau

Top-5Accuracy =

Trong do:

e Mot du doan duge coi la chinh xac dbi véi
Top-1 néu nhan duoc du doan cao nhét ctia md hinh
khép véi nhan thyc té.

o DPbi véi Top-5, dy doan duoc coi la dung
néu nhan thyc té xuat hién trong 05 nhan dy doan cod
x4c suét cao nhat.

Ngoai ra, thoi gian suy luan (Inference Time) va
FLOPs dugc st dung dé danh gia hiéu qua tinh toan
va kha nang trién khai thyuc t& ctia mo hinh, dic biét
trong cac tmg dung yéu cau téc do xir Iy cao hodc
trién khai trén thiét bi c6 tai nguyén han ché.

Sé luwong tham s6 hoc duge cling 1a mdt chi )
quan trong, phan 4nh mic d6 phirc tap va yéu cau
luru trir cia md hinh. Cac mé hinh ¢6 s6 lugng tham
s6 16n thuong co kha ning hoc manh hon nhung
ddng thoi tiéu tén nhiéu tai nguyén hon trong qua
trinh huan luyén va suy lun.

Viéc két hop cac do do vé hiéu suét (Top-1, Top-
5) va chi phi tinh toan (Inference Time, Parameters,
FLOPs) cho phép danh gia toan di¢n kha nang can
bang giita d chinh xac va hiéu qua ciia cic mo hinh.

4.3. Két qua trén tap dir liéu IP10

Két qua phan loai con tring cta cic md hinh
YOLOvI1 trén tap dir liu IP102 dwoc téng hop
trong Bang 1. Cac d6 do bao gdm do chinh xac Top-
1, d6 chinh xic Top-5, thoi gian tién xir ly
(preprocessing time), thoi gian suy luédn (inference
time), mirc str dung GPU va s6 lugng phép floating
point (GFLOPs).



Tap chi Khoa hoc Dai hoc Can Tho

Tdp 61, S6 64 (2025): 64-76

Bing 1. Két qua phan loai trén tap dir li¢u IP102 ciia cic mé hinh YOLO

PO Top-1 Top-5 Preprocess Inference
Mo hinh Accuracy Accuracy  Time (ms) Time (ms) GPU Usage  GFLOPs
YOLO1 In-cls 71,5% 91,4% 0,8 0,3 1,7 GB 3,3
YOLOvS8s-cls* 50,0% 75,7% 0,7 0,6 2,43 GB 12,6
YOLOvS8s-cls 72,4% 91,6% 0,8 0,6 2,43 GB 12,6
YOLO11s-cls* 53,6% 76,8% 0,8 0,6 2,7GB 12,1
YOLO1l1s-cls 73,3% 92,6% 0,7 0,6 2,7GB 12,1
YOLO11m-cls 73,9% 92,9% 0,7 1,6 5,3GB 39,4
YOLO11l-cls 74,7% 93,3% 0,5 2,0 6,7 GB 49,4
YOLOI11x-cls 74,9% 93,4% 0,4 3,7 10,1 GB 1104

(*): Cdc mé hinh dwoc hudn luyén khéng sir dung hoc chuyén tiép va ting cwong di liéu.

train/loss val/loss
3.0 1 20 —e— results
smooth
2.5 4
2.0 1
1.5
1.0
0.5 1
0 10 20 30 40 0 10 20 30 40
metrics/accuracy_topl metrics/accuracy_top5
0.70 - 0.90 A
0.65 4
0.85 A
0.60 -
0.80 ~
0.55 A
0.50 ~ 0.75 A
0 10 20 30 40 0 10 20 30 40

Hinh 5. Biéu d6 ham mét mat (loss) va d chinh xac (accuracy) ciia mé hinh YOLO11s-cls trén tap dir

C6 thé nhan thiy rang cac bién thé YOLO11 déu
dat hiéu suit phan loai cao trén tap IP102. Trong do6,
YOLOI11x-cls dat d9 chinh xic Top-1 cao nhat
(74,9%) va Top-5 (93 4%), ddng thoi co thoi gian
tién xir ly ngan nhit (0,4 ms). Tuy nhién, mé hinh
nay yéu cau tai nguyén tinh toan 16n nhit voi mirc
sir dung GPU 1én dén 10,1 GB va s6 lugng phép toan

dau cham dong (GFLOPs) 1a 110,4.
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liéu IP102

O chiéu nguoc lai, YOLO1 1n-cls thé hién wu thé
vé hiéu qua tinh toan v&i thoi gian suy luén chi 0,3
ms va muc tiéu thu GPU thép nhit (1,7 GB), trong
khi van duy tri d§ chinh x4c Top-1 & mirc 71,5%.
Diéu nay cho thdy YOLO1In-cls c6 tiém ning tmg
dung trong cac hé thdng yéu ciu tdc do cao hoic
trién khai trén cac thiét bi c6 tai nguyén han ché.
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Bang 2. K&t qua phan loai trén tap dir liéu PEST204 ciia cac mé hinh YOLO

A s Top-1 Top-5 Preprocess  Inference
Mo hinh Accuracy  Accuracy Time (ms) Time (ms) GPU Usage  GFLOPs

YOLOI1In-cls 77,1% 92,8% 0,5 0,4 1,46 GB 6,8

YOLO11s-cls* 63,1% 83,8% 0,7 0,6 5,13 GB 12,2
YOLOlIs-cls 78,9% 93,8% 0,8 0,6 3,2GB 12,2
YOLO!1 1m-cls 79,8% 94,0% 0,7 1,6 5,7GB 39,5
YOLO1l1l-cls 80,2% 94,2% 0,7 2,0 7,2 GB 49,5
YOLOI11x-cls 81,1% 94,6% 0,4 3.8 10,8 GB 110,5

(*): Cic mé hinh dwoc hudn luyén khong sir dung hoc chuyén tiép va ting cuong dir liéu.

So sanh v&i cac md hinh YOLOvSs-cls, co thé
thdy cac bién thé YOLO11 déu vuot tréi hon vé do
chinh x4c trong ctng diéu kién huin luyén. Cu thé,
YOLOI11s-cls dat d0 chinh xac Top-1 1a 73,3%, cao
hon muc 72,4% ctia YOLOvS8s-cls. Bac biét, khi
khong sir dung k¥ thuat hoc chuyén tiép va ting
cuong dir liéu, do chinh xac Top-1 ciia YOLO11s-
cls chi dat 53,6%, thdp hon dang ké so v&i khi ap
dung day du cac ky thuat hd trg, cho thdy vai tro
quan trong ctia hoc chuyén tiép va tang cuong dir
liéu trong qua trinh huén luyén.

Ngoai ra, thoi gian suy luén ciia cac mo hinh duy
tri & muc thap, dao dong tir 0,3 ms dén 3,7 ms, phu
hop véi yéu cau cua cac iing dung thoi gian thuc.

Bén canh cac két qua dinh lugng, qua trinh huén
luyén va danh gia cia mo hinh YOLOI11s-cls trén
tap IP102 dugc minh hoa thong qua Hinh 5. Cac
biéu dd thé hién dién tién cua ham mat mat (loss) va
do chinh xac (accuracy) theo s6 luong epoch. Cu
thé, loss trén ca tap huén luyén va tap kiém dinh déu
giam 6n dinh theo thoi gian, cho thay mé hinh hoc
hiéu qua ma khong xay ra hién tuong overfitting
dang ké. P9 chinh xac Top-1 va Top-5 ting dan va
dat trang thai gan bio hoa sau khoang 30 epoch.
Diéu nay cho thfiy moé hinh d3 hoc duogc cac dic
trung quan trong tir dit liéu va dat dugc do chinh xac
cao on dinh.

4.4. Két qua trén tap dir liéu PEST204

Ket qua thuc nghiém trén tap dir liéu PEST204
dugc tong hop trong Bang 2 v6i cac d6 do tuong tu
nhu & tap IP102, bao gom d¢ chinh xé4c Top-1, Top-
5, thoi gian tién xu ly, thoi gian suy ludn, muc su
dung GPU va GFLOPs.

So véi tap IP102, hi¢u suét phan loai trén tap
PEST204 c6 su cai thién 15 rét. Didu nay cho thay
bd dit lieu PEST204 véi su sang loc va mé rong hop
ly da ho tro md hinh hoc sau khai thac thong tin dic
trung t6t hon.
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Mo hinh YOLO1 1x-cls tiép tuc dat hidu suét cao
nhit voi do chinh xac Top-1 1a 81,1% va Top-5 1a
94,6%, vuot troi so voi cac bién thé khac. Tuy nhién,
tuong ty nhu trén IP102, md hinh nay yéu cau tai
nguyén tinh todn cao véi muc su dung GPU hon
10,8 GB va 110,5 GFLOPs.

Mo hinh YOLOI11n-cls, voi mae st dung GPU
thap nhat (1,46 GB) va thoi gian suy luan nhanh (0,4
ms), dat 6 chinh xac Top-1 13 77,1%. Diéu nay cho
thiy YOLO1 In-cls van 14 lya chon 1y tuéng cho cac
hé thdng han ché tai nguyén nhung yéu ciu do chinh
xéc tuong ddi cao.

Pang chu y, sy cai thién hi¢u sudt cua
YOLO1 Is-cls sau khi ap dung hoc chuyén tiép va
tang cuong dir liéu 1a rat 1o rét: tir 63,1% Top-1 (khi
huén luyén tir dau) tang 1én 78,9% (khi ap dung k¥
thuat ho trg). Piéu nay cang khang dinh tim quan
trong cua cac chién lugce tang cudng dit liéu va hoc
chuyén tiép trong bai toan phan loai con tring trén
tap dit liéu thyc té.

Nhin chung, tat ca cac mé hinh déu dat thoi gian
suy luan du6i 4 ms, cho thiy tiém niang tmg dung
trong cac hé théng nhan dang thoi gian thuc hodc
thiét bi di dong.

Bén canh cac Két qua dinh lugng, qua trinh huén
luyén va kiém dinh ctia mé hinh YOLO1 1s-cls trén
tap dir liéu PEST204 dugc minh hoa trong Hinh 6.
Céc d6 thi mo ta su thay doi ciia ham mat mat (loss)
va do chinh xéc (accuracy) theo tirng epoch.

Quan sat Hinh 6 cho thiy loss trén ca tip huén
luyén va kiém dinh déu giam manh trong nhiing
epoch dau tién va dat mirc 6n dinh sau khoang 20
epoch. D¢ chinh xic Top-1 va Top-5 déu tang lién
tuc trong subt qua trinh huén luyén, tién gin dén
trang thai bao hoa tir epoch thir 30 tré di. Cac dudng
cong loss va accuracy giita tap huan luyén va kiém
dinh kha sat nhau, chung t6 mo hinh hoc on dinh va
khong xay ra hién tugng overfitting.
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Nhimng két qua nay cing gé thém danh gi4 ring
tap dir liéu PEST204, vdi chat luong va sy da dang
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da duogc cai thién, giap mo hinh hoc sau dat hi¢u sudt
cao va 6n dinh hon so véi tap IP102.

train/loss val/loss
—e— results
3 -
2 .
1 .
0 _I T T T T
0 10 20 30 40

metricsfaccuracy_topl

metrics/accuracy_top5

0.75 A
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0.65 A
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0.925 ~

0.900
0.875
0.850
0.8251 |

0.800 +
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40

0.7751,
0

10 20 30 40

Hinh 6. Biéu d6 ham méit mat (loss) va d chinh xac (accuracy) ciia mé hinh YOLO11s-cls trén tap di
liéu PEST204

4.5. Phan tich truc quan bing Eigen-CAM

Dé hiéu rd hon vé co ché hoat dong va trong tam
chu y cua cac md hinh phéan loai con trung, nghién
ciru nay ap dung ky thuat tryc quan hoa Eigen-
CAM. Eigen-CAM la mét phuong phap khong yéu
cau sira doi kién triic mang, cho phép trich xuat ban
dd nhiét (heatmap) tir cac 10p dic trung cudi cing

Original YOLOv8s-cls*

YOLOv8s-cls

nham xéc dinh cac khu vuc quan trong anh hudng
deén quyét dinh du doan cia mo hinh.

Khong gidng nhu cac ky thuét tryc quan hoa
truge day, Eigen-CAM khai thac cac gia tri riéng
(eigenvalues) dé tao ra ban do c6 kha nang tong quat
t6t hon va phan anh tryc tiép cac dic trung ndi bat
trong anh dau vao.

YOLO11s-cls*

YOLO11-cls

Hinh 7. Vi du trwc quan héa bang Eigen-CAM: md hinh YOLO11s-cls tip trung vao cac dic trung
hinh thai chinh ctia con trung dé dwa ra dw doan chinh xac

Trong nghién ctu nay, Eigen-CAM dugc sur
dung dé phan tich cac m6 hinh YOLO11-cls sau khi
huan luyén trén tap dit liéu IP102. Hinh 7 minh hoa
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mot s6 két qua phan tich truc quan trén anh mau.
Céc ban do nhiét cho thay ving cha y cua cac mo
hinh tap trung rd nét vao doi tugng con trung chinh,
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trong khi cac khu vuc nén it lién quan duoc giam
murc d§ chu y.

Dic biét, cac md hinh YOLO11 cho thiy kha
nang tap trung tot hon vao cac chi tiét hinh thai dac
trung ctia con tring (nhu canh, chan, mau sic co
thé), giup phan biét chinh x4c giita cac loai ¢6 hinh
dang tuong tu. Didu nay phan anh hiéu qua hoc sau
clia cac mo hinh khong chi & cip d6 phan loai toan
anh ma con ¢ cip do chi tiét cuc bo.

Két qua phén tich bang Eigen-CAM gép phan
xé4c nhan rang cac mo6 hinh YOLO11-cls khong chi
dat hiéu suét phén loai cao vé mat dinh luong ma
con co kha nang hoc dugc cac dac trung hinh anh
phii hop, hop 1y véi ban chat thi giac ctia bai toan
phén loai con trung.

5. KET LUAN VA HUONG PHAT TRIEN

Trong nghién ctru nay, mot hudng tiép can phan
loai con trung sir dung cac bién thé cia mé hinh hoc
sau YOLO11 dugc dé xuit va danh gia. Bing viéc
khai thac cac k¥ thuat hoc chuyén tiép va ting cuong
dir liéu hop ly, cac mo6 hinh YOLOI11 da dat dugc
hiéu suét phén loai cao trén ca hai tap dir liéu IP102
va PEST204.

Dong thoi, nghién ciu da dong gop mot tap dir
liéu mai c6 tén PEST204, duoc xdy dyng dua trén
viéc sang loc va mo rong tap [P102 nham nang cao
chét luong dit liéu huén luyén, giam thiéu nhiéu va
cai thién do da dang hinh anh. Phan tich tryc quan
bing Eigen-CAM cho thdy cdc mé hinh khéng chi
hoc dua trén cac dic trung ngﬁu nhién ma con tap
trung vao cac chi tiét hinh thai ddc trung ciia con
trung, tr d6 tang cuong dd tin cdy trong vig¢c phan
loai.

TAI LIEU THAM KHAO (REFERENCES)

Ahmed, S., Hasan, M. B., Ahmed, T., Sony, M. R.
K., & Kabir, M. H. (2022). Less is more: Lighter
and faster deep neural architecture for tomato
leaf disease classification. /EEE Access, 10,
68868-68884.
https://doi.org/10.1109/ACCESS.2022.3187203

Al-Hiary, H., Bani-Ahmad, S., Reyalat, M., Braik,
M., & Alrahamneh, Z. (2011). Fast and accurate
detection and classification of plant diseases.
International journal of computer applications,
17(1),31-38.
https://doi.org/10.5120/2183-2754

Almryad, A. S., & Kutucu, H. (2020). Automatic
identification for field butterflies by
convolutional neural networks. Engineering

Tdp 61, S6 64 (2025): 64-76

Két qua thuc nghiém cho thdy cac bién thé
YOLOI1l1-cls da dat d¢ chinh xac Top-1 1én toi
81,1% trén tap dir licu PEST204, cao hon so vai cac
md hinh thé hé trude. M6 hinh YOLO1 In-cls, du ¢6
quy md nhé va yéu cau tai nguyén thap, van duy tri
dugc do chinh xac phan loai tot, phu hop véi cac
mg dung thyc t& yéu cau xir 1y thoi gian thuc trén
thiét bi di dong hodc cac hé thong nhiing. Bén canh
do, tap dir liéu PEST204 ciing chung minh duogc
hiéu qua trong viéc cai thién kha nang tong quat hoa
va hiéu suit ciia mé hinh hoc su.

Trong tuong lai, nghién ctru s€ tép trung vao viéc
phat trién cac kién trac mang no-ron nhe hon nhung
hiéu qua hon, nham t6i wu hoa kha nang trién khai
trén cac nén tang thiét bi di dong va IoT. Ngoai ra,
k¥ thuat hoc lién mién (domain adaptation) s& dugc
nghién ctru dé ting kha ning téng quat hoa cia mod
hinh ddi véi dit lidu dén tir cdc mdi truong thuc té
da dang. Viéc mo rong tap dir liéu PEST204 véi cac
hinh anh c6n tring trong diéu kién anh sang yéu, nén
phurc tap hodc cac goc chup kho khan ciing s€ dugc
xem xét nham nang cao do bén vimng va tinh tmg
dung thyc tién. Mot diém han ché khac 1a nghién
ctru hién tai mdi tap trung so sanh cac bién thé
YOLOv11-cls véi YOLOVS8s-cls, chua bao quat cac
dong moé hinh phan loai anh hién dai khac nhu
MobileNet, EfficientNet, ShuffleNet hay cac kién
truc transformer nhu ViT. Viéc mo rong so sanh
thyc nghiém véi cdc mo hinh nay gitip danh gia sau
hon diém manh va han ché ctia YOLOv11-cls trong
bbi canh trién khai trén thiét bi bién va hé thong
ndéng nghiép thong minh, va s€ dugc danh cho cac
nghién ctru tiép theo. Cudi ciing, tich hop cac mo-
dun phat hién bét thuong hoac nhan dang cac loai
con tring moi 1a mot hudng di tiém niang dé xay
dung hé thong nhan dién con trung thong minh va
linh hoat hon trong tuong lai.

Science and Technology, an International
Journal, 23(1), 189-195.
https://doi.org/10.1016/j.jestch.2020.01.006

Chithambarathanu, M., & Jeyakumar, M. K. (2023).
Survey on crop pest detection using deep
learning and machine learning approaches.
Multimedia Tools and Applications, 82(27),
42277-42310.
https://doi.org/10.1007/s11042-023-15221-3

Deng, J., Dong, W., Socher, R., Li, L. J., Li, K., &
Fei-Fei, L. (2009). Imagenet: A largescale
hierarchical image database. In 2009 IEEE
Conference on Computer Vision and Pattern
Recognition (pp. 248-255).
https://doi.org/10.1109/CVPR.2009.5206848


https://doi.org/10.1109/ACCESS.2022.3187203
https://doi.org/10.5120/2183-2754
https://doi.org/10.1016/j.jestch.2020.01.006
https://doi.org/10.1007/s11042-023-15221-3
https://doi.org/10.1109/CVPR.2009.5206848

Tap chi Khoa hoc Dai hoc Can Tho

Doan, T. N. (2022). An efficient system for real-time

mobile smart device-based insect detection.
International Journal of Advanced Computer
Science and Applications, 13(6).
https://doi.org/10.14569/1JACSA.2022.0130605

Doan, T. N. (2023). Large-scale insect pest image

classification. Journal of Advances in
Information Technology, 14(2), 328-341.
https://doi.org/10.12720/jait.14.2.328-341

Estruch, J. J., Carozzi, N. B., Desai, N., Duck, N. B.,

Warren, G. W., & Koziel, M.G. (1997).
Transgenic plants: an emerging approach to pest
control. Nature biotechnology, 15(2), 137-141.
https://doi.org/10.1038/nbt0297-137

Hansen, O.L., Svenning, J.C., Olsen, K., Dupont, S.,

Garner, B.H., losifidis, A., Price, B.W. and
Hoye, T.T.. (2020). Species-level image
classification with convolutional neural network
enables insect identification from habitus images.
Ecology and Evolution, 10(2), 737-747.
https://doi.org/10.1002/ece3.5921

Kandel, I., & Castelli, M. (2020). The effect of batch

size on the generalizability of the convolutional
neural networks on a histopathology dataset. /CT
express, 6(4), 312-315.
https://doi.org/10.1016/j.icte.2020.04.010

Kirkeby, C., Rydhmer, K., Cook, S.M., Strand, A.,

Torrance, M.T., Swain, J.L., Prangsma, J.,
Johnen, A., Jensen, M., Brydegaard, M. and
Greasboll, K. (2021). Advances in automatic
identification of flying insects using optical
sensors and machine learning. Scientific reports,
11(1), 1555.
https://doi.org/10.1038/s41598-021-81005-0

Krause, J., Stark, M., Deng, J., & Fei-Fei, L. (2013).

3D object representations for finegrained
categorization. In Proceedings of the IEEE
International Conference on Computer Vision
Workshops (pp. 554-561).
https://doi.org/10.1109/ICCVW.2013.77

Li, C., Zhen, T., & Li, Z. (2022). Image

classification of pests with residual neural
network based on transfer learning. Applied
Sciences, 12(9), 4356.
https://doi.org/10.3390/app12094356

Li, Y., Wang, H., Dang, L. M., Sadeghi-Niaraki, A.,

& Moon, H. (2020). Crop pest recognition in
natural scenes using convolutional neural
networks. Computers and Electronics in
Agriculture, 169, 105174.
https://doi.org/10.1016/j.compag.2019.105174

Mikotajezyk, A., & Grochowski, M. (2018). Data

augmentation for improving deep learning in

76

Tdp 61, S6 64 (2025): 64-76

image classification problem. In 2018
international interdisciplinary PhD workshop
(pp. 117-122). IEEE.
https://doi.org/10.1109/IIPHDW.2018.8388338

Nanni, L., Manfe, A., Maguolo, G., Lumini, A., &
Brahnam, S. (2022). High performing ensemble
of convolutional neural networks for insect pest
image detection. Ecological Informatics, 67,
101515.
https://doi.org/10.1016/j.ecoinf.2021.101515

Oberti, R., Marchi, M., Tirelli, P., Calcante, A., Iriti,
M., Tona, E., & Ulbrich, H. (2016). Selective
spraying of grapevines for disease control using
a modular agricultural robot. Biosystems
engineering, 146,203-215.
https://doi.org/10.1016/j.biosystemseng.2015.12.
004

Rustia, D. J. A., Chao, J. J., Chiu, L. Y., Wu, Y. F.,
Chung, J. Y., Hsu, J. C., & Lin, T. T. (2021).
Automatic greenhouse insect pest detection and
recognition based on a cascaded deep learning
classification method. Journal of Applied
Entomology, 145(3), 206-222.
https://doi.org/10.1111/jen.12834

Shorten, C., & Khoshgoftaar, T. M. (2019). A survey
on image data augmentation for deep learning.
Journal of big data, 6(1), 1-48.
https://doi.org/10.1186/s40537-019-0197-0

Wang, J., Lin, C., Ji, L., & Liang, A. (2012). A new
automatic identification system of insect images
at the order level. Knowledge-Based Systems, 33,
102-110.
https://doi.org/10.1016/j.knosys.2012.03.014

Wang, R., Zhang, J., Dong, W., Yu, J., Xie, C., Li,
R., & Chen, H. (2017). A crop pests image
classification algorithm based on deep
convolutional neural network. TELKOMNIKA
(Telecommunication Computing Electronics and
Control), 15(3), 1239-1246.
https://doi.org/10.12928/telkomnika.v15i3.5382

Wu, X., Zhan, C., Lai, Y. K., Cheng, M. M., &
Yang, J. (2019). IP102: A large-scale benchmark
dataset for insect pest recognition. In
Proceedings of the IEEE/CVF conference on
computer vision and pattern recognition (pp.
8787-8796).
https://doi.org/10.1109/CVPR.2019.00899

Xia, D., Chen, P., Wang, B., Zhang, J., & Xie, C.
(2018). Insect detection and classification based
on an improved convolutional neural network.
Sensors, 18(12), 4169.
https://doi.org/10.3390/s18124169


https://doi.org/10.14569/IJACSA.2022.0130605
https://doi.org/10.12720/jait.14.2.328-341
https://doi.org/10.1038/nbt0297-137
https://doi.org/10.1002/ece3.5921
https://doi.org/10.1016/j.icte.2020.04.010
https://doi.org/10.1038/s41598-021-81005-0
https://doi.org/10.1109/ICCVW.2013.77
https://doi.org/10.3390/app12094356
https://doi.org/10.1016/j.compag.2019.105174
https://doi.org/10.1109/IIPHDW.2018.8388338
https://doi.org/10.1016/j.ecoinf.2021.101515
https://doi.org/10.1016/j.biosystemseng.2015.12.004
https://doi.org/10.1016/j.biosystemseng.2015.12.004
https://doi.org/10.1111/jen.12834
https://doi.org/10.1186/s40537-019-0197-0
https://doi.org/10.1016/j.knosys.2012.03.014
https://doi.org/10.12928/telkomnika.v15i3.5382
https://doi.org/10.1109/CVPR.2019.00899
https://doi.org/10.3390/s18124169

