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Tran Thi

TOM TAT

Nghién cieu nay dé xudt mé hinh hoc sdu ResNet50 dé phan logi hinh
danh trong bai béao khoa hoc, nham phat hién twong dong va cdi thién
tim kiém hinh dnh. M6 hinh sir dung ResNet50 da duwoc hudn luyén
truede, két hop véi tap dir liéu gdm 12.049 anh thuge 11 I6p, trich xudt
tir Tap chi Khoa hoc Pai hoc Can Tho bang PyMuPDF'. Phwong phap
Activation Map Visualization giiip lam néi bt ving dit liéu hudn luyén
théng qua sdu kénh dau tién cua tirng 10p khdc nhau trén mé hinh hoc
sdu. Két qud cho thdy phwong phdp dé xudt dat do tin cdy trén 90%
trong phat hién tiwong dong hinh anh, dong thoi xdc dinh diege tic gia
va ndm xudt ban bai bdo goc. M6 hinh ResNet50 ciing diwoc so sanh
véi AlexNet va VGG16, cho thdy khd ndng tong qudt héa vieot tréi
trong bai todn nhdn dién anh phirc tap. Nghién ciru nay ddt nén méng
cho gidi phap phat hién twong dong hinh anh cdc dn pham khoa hoc.

T kho'a‘: Bai bdo khoa hoc, hoc sdu, ResNet50, trich xudt dic trung,
twong dong hinh anh

ABSTRACT

This study proposes a deep learning-based model using ResNet50 for
image classification in scientific articles to detect similarity and
improve image similarity search. The model employs a pre-trained
ResNet50 combined with a dataset of 12,049 images categorized into
11 classes extracted from the Can Tho University Journal of Science
using PyMuPDF. The Activation Map Visualization method highlights
training data regions through the first six channels of each different
layer in the deep learning model. The results indicate that the
proposed approach achieves exceeding 90% reliability in detecting
image similarity and can identify the original article’s author and
publication year. ResNet50 is also compared with AlexNet and
VGG16, demonstrating superior generalization capability for complex
image recognition tasks. The result establishes a foundation for
developing an image similarity detection system for scientific
publications.

Keywords: Deep learning, feature extraction,
ResNet50, scientific paper

image similarity,
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1. GIOI THIEU

Trong bdi canh phat trién manh mé ciia cong
nghé va mang xa hoi, viéc xt Iy va luu trit hinh dnh
ngdy cang tré nén phd bién. Hinh anh déng vai tro
quan trong trong nhiéu linh vyc nhu y té, gido duc
va khoa hoc. Tuy nhién, vi¢c tim kiém va phat hién
su trung 1ap hinh anh trong cac bai bao khoa hoc van
la mot thach thic dang ké. Tri tué nhan tao
(Artificial Intelligence - Al) 1a mét linh vie nghién
ctru nhdm gitp may tinh c6 thé ty dong hoa cac hanh
vi thong minh cia con ngudi. Cac hé thong Al hoat
dong bang cach thu thap dir liéu gan nhan, phan tich
cc mau va mdi twong quan dé dua ra dy doan chinh
xac. Péac bi¢t, hoc may (machine learning - ML),
mot nhanh cua Al, c¢6 kha nang hoc tap va dua ra
quyét dinh dua trén dir liéu dau vao ma khong can
lap trinh cu thé (Russell & Norvig, 2021;
McCorduck, 2004). Do d6, ML tré thanh cong cu
hitu ich trong viéc phan tich va tinh toan twong dong
hinh anh.

Tri tué nhan tao dugc chinh thic tré thanh mot
linh vuc nghién cuou tr nam 1956 (McCorduck,
2004), trai qua nhiéu giai doan phét trién manh mé.
Trong do, ML dugc xem l1a mét trong nhiing cong
nghé c6t 15i, hd tro nhidu Gng dung trong thuc té.
Thay vi 1ap trinh twong minh cho tung tac vu, ML
sir dung cac thuat toan dé phan tich di liéu, hoc hoi
tir cac miu va dua ra dy doan hodc quyét dinh.
Trong linh vuc xu ly hinh anh, cdc mé hinh Al co
thé phan loai, tim kiém va phat hién cac hinh anh
tuong dong tir mot tap dir liéu 16n. Mot trong nhitng
phuong phap quan trong trong xir Iy anh 14 trich xuét
dédc trung (Feature Extraction) (Guyon & ElisseefT,
2006). Pay la qua trinh trich xuét cac diém déc trung
tir hinh anh dé biéu dién duéi dang vector sb, gitup
so sanh va xac dinh mic d6 twong dong gitra cac
hinh anh. Phuong phap nay c6 y nghia quan trong
trong phat hién trung ldp hinh anh trong bai bao
khoa hoc va dam bao tinh chinh xéac cua nghién ctru.

Hoc sau (Deep learning - DL) st dung cac mang
no-ron nhén tao dé phén tich dir liéu & nhiéu cap do
triru tugng khac nhau. Mot trong nhitng mé hinh noi
bat cua deep learning trong xur 1y anh la mang no-
ron tich chdp (Convolutional Neural Network -
CNN). CNN da chiig minh hi€u qua vuot trdi trong
nhén dién, phan loai, phat hién doi twgng va phan
doan hinh anh. C4c m6 hinh CNN tiéu biéu bao
gom: AlexNet (2012), VGG16 (2014), GoogleNet
Inception-V1 (2014), ResNet50 (2015), DenseNet
(2016) (He et al., 2016).
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Trong thoi gian dién ra dai dich COVID-19, mot
nhom nghién ctru da dé xuat mot hé théng nhan dién
va canh bao khi phat hién nguoi khong deo hoac deo
khau trang sai cach dua trén cac k¥ thuét hoc sau
AlexNet, GoogLeNet va VGG16 (Luu et al., 2022).
Nghién clru nay nhén manh tam quan trong cta viéc
deo khau trang trong khong gian cong cong dé giam
nguy co lay nhiém. Bang cach sir dung tap dit ligu
v6i 4.950 anh véi 3 16p (khong deo khau trang, deo
sai cach, deo diing cach), nghién ciru da cho két qua
du doan do chinh xac ctia hé théng dat trén 95%.
Trong khi d6, mot nghién ciru khic dé xuat mot
phuong phép sir dung k¥ thuat hoc may dé phan loai
chat lwong tim pin nang lugng mat troi sir dung ba
mo hinh gém héi quy logistic (Logistic Regression),
may vector hd trg (Support Vector Machine) va
mang no-ron nhan tao (Artificial Neural Network).
Hinh anh céc tim pin dugc thu thap bang camera
hong ngoai trong phong ti voi 900 anh dugc chia
thanh 4 16p, moi 16p biéu thi mirc d6 hu hong khac
nhau. Ket quéa cho thy, may vector hd trg 1a mo
hinh t&i wu nhit cho bai toan phan loai chit lugng
tam pin v6i do chinh xac cao nhat dat khoang 97%
(Luu et al., 2023).

Trong nghién ctru nay, ResNet50 dugc lya chon
dé phan tich, xir 1y va tinh toan twong dong hinh anh,
ddng thoi so sanh v6i hai mo hinh hoc sau phd bién
khac 1a AlexNet va VGG16 d so sanh hi¢u suat
phan loai cta ting mo hinh, trong d6 sdu ResNet50
ching minh dugc kha nang tong quat hoa t6t nhat,
12 Iya chon t6i wu cho cac bai toan nhan dién va phan
loai anh c6 d¢ phurc tap cao. ResNet50 1a mét phién
ban cua kién tric ResNet v6i 50 16p, bao gdbm cac
16p tich chap (convolutional layers) két hop vai cac
Residual Blocks (khéi trong mang no-ron sau gitp
giai quyét cac van dé khi mang trd nén qua siu giy
suy giam dao ham va giam hiéu suat huan luyén) dé
cai thién kha nang hoc cia mé hinh, dugc gidi thi¢u
lan dau boi nhom nghién ctru ciia Kaiming He,
Xiangyu Zhang, Shaoqing Ren va Jian Sun trong bai
bao "Deep Residual Learning for Image
Recognition" tai hdi nghi CVPR 2015 (He et
al., 2016).

2. CAC NGHIEN CU'U LIEN QUAN

Trong nhimg ndm gan ddy, tri tué nhan tao (AI)
da phat trién manh mé va dugc Ung dung rong rai
vao nhiéu linh vyc trong doi sdng. Theo Zhai et al.
(2021), Al 1a két qua cia viéc mo phong cac qua
trinh tri tué¢ cta con ngudi théng qua may moc, dac
biét 1a cac hé thong méy tinh. Mot s6 nghién ctru tap
trung vao xu 1y hinh anh va dir liéu thong qua céc
mo hinh tién tién. Viéc ing dung ML da dugc tbi uu
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hoa, tao ra budc tién vuot bic trong cong nghé nhd
kha nang linh hoat va tuy hoc ctia cac thuat toan.

Su phat trién cua DL da thuc ddy nhidu nghién
cuiu tap trung vao CNN, gitip néng cao hi¢u qua
trong viéc xac dinh va tinh toan d6 tvong dong hinh
anh. Mot s nghién ctru gan day tap trung vao hoc
tuong phan (Contrastive Learning), nham tim ra cac
cip ddc trung c6 tinh twong dong hodc tuwong phan
trong tap dir liéu. Quy trinh thuc hién bao gdm mot
sO budc chinh. Ting cuong dir lidu (data
augmentation) 12 mot phan quan trong, bdi néu
khong du phirc tap, dao ham cua mot ham mat mat
(gradient) s& khong dii manh dé mo hinh hoc dugc
cac dac trung. Cac phuong phap gitp tdng cuong dix
liéu nhu Random Crop, Random Color Distortions
va Random Gaussian Blur lam cho mo6 hinh hoc sau
tré nén tong quat hon va chong overfitting. Két qua
cho thdy, viéc két hgp random crop va color
distortion mang lai hiéu suit cao nhat.

Ngoai ra, nghién ctru cia Chechik et al. (2010)
da dé xuét thuat toan hoc truc tuyén dé do do tuong
ddng hinh anh dya trén phuong phap OASIS. Mo
hinh nay gitip xur 1y hiéu qua tap dit li¢u quy mé 1én
bang cach chuyén van d& thanh mot bai toan tuyén
tinh don gian.

Bén canh d6, c6 cac nghién ctru lién quan dén
tinh toan twong dong dya trén dic trung. Hirematch
and Puijari (2007) sir dung PageRank dé xdy dung
d6 thi twong ddng hinh anh, trong d6 cac anh dugc
lién két v6i nhau dya trén mic do twong dong.
Trong khi d6, Russakoff et al. (2004) sir dung
Gradient Vector Flow dé trich xuat déc trung hinh
dang, két hop véi thong tin vé két cau va mau sic dé
tang cuong hiéu suit tim kiém hinh anh.

Mot s6 nghién ctru méi hon ciing da dé xuét cach
tlep can két hop giira deep learning va truyén thong
dé tang cuong hiéu suit phan loai hinh anh. He et al.
(2016) da gidi thi€éu mo hinh ResNet, mot budc dot
pha trong mang no-ron tich chip voi ky thuat
residual learning, gitip giai quyét van dé suy giam
gradient khi mang hoc sdu hon. ResNet50 vai 50 16p
hoc da chtiing minh hi€u qua vugt trdi trong cac bai
toan nhén dién hinh anh. Szegedy et al. (2015) dé
xudt kién trac Inception dé cai thién hidu suat mo
hinh CNN bang cach st dung nhiéu kich thudc bd
loc trong cling mét tang mang, cho phép mo hinh
hoc duoc cac dic trung da cap d9. Ngoai ra, nghién
ctru cua Krizhevsky et al. (2012) vé AlexNet da
chirng minh CNN cé thé dat do chinh xac cao trong
cac bai toan phan loai hinh anh, m¢ duong cho sy
phat trién ciia deep learning trong xr 1y anh.
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Gan day, nghién ciru cia Tan and Le (2019) da
dé xuit md hinh EfficientNet, su dung k¥ thuat
compound scaling dé t6i wu hoa kich thuéec mé hinh
trong khi van duy tri hidu suat cao. EfficientNet da
dat dugc két qua tdt hon so vdi ResNet50 trong
nhiéu tac vu phan loai hinh anh. Bén canh do, cic
nghién clru tdp trung vao hoc ty giam sat nhu
SimCLR (Chen et al., 2020) da cho thay kha ning
hoc dic trung hinh anh ma khong can gan nhin, mo
ra hudng di mai cho cac bai toan phan loai hinh anh
v6i dir liéu han ché.

Nghién ctru tap trung vao viéc xt ly hinh anh
tuong déng trong cac bai bao khoa hoc, sir dung
phwong phap trich xuat ddc trung tir hinh anh dé xac
dinh mirc d twong dong véi do chinh xac cao. Viée
phat trién mot hé théng ty dong voi kha nang phan
tich hinh anh c6 y nghia quan trong khong chi trong
linh vyc khoa hoc ma con trong nhiéu linh vuc khac
nhu y té, kinh doanh va cong nghé. Véi sy hd trg
clia cac mo hinh DL tién tién, nghién ctru nay hira
hen s& dong gop dang ké vao viéc cai thién do chinh
xac trong nhén dién va tim kiém hinh anh tuong
ddng.

3. MO HINH DE XUAT
3.1. So d6 tong quat ciia nghién ciru

Kién tric tong quat xtr 1y anh twong dong duoc
biéu dién nhu Hinh L. Kién trac bao gom cac budc
nhu sau: Hé thong tiép nhan anh dau vao, con duoc
goi 1a anh myc tiéu, dé thyuc hién qué trinh tim kiém
anh twong dong. Cu thé nhu sau:

+ Tién xir 1y va hun luyén mé hinh: Str dung mo
hinh ResNet50 dé huan luyén trén tap dir liéu phan
loai hinh anh. Qua trinh bao gém sir dung mo hinh
ResNet50 di duoc huan luyén trude, diéu chinh phi
hop véi s6 16p cua tap dir lidu, thuc hién huin luyén
va lwu lai mo hinh sau khi t6i wu. Dit liéu huan luyén
duogc chia thanh tdp train va test, ddm bao tinh doc
lap giita cac mau.

+ Trich xuat anh: Thu vién PyMuPDF duoc s
dung dé trich xuét hinh anh tir cac bai bao khoa hoc,
dam bao thu thap day du thong tin nhu tén file, sO
trang, DOI, tiéu dé bai bao, tap chi, ngudn gbc, ..

Tiép theo, anh du vao dugc tién xir Iy nhim
chuén héa dit liéu dau vao cho mé hinh ResNet50.
Cu thé, anh duoc thay dbi kich thudc vé 224x224
pixel nhim dam bao sy dong nhét vé kich thudc va
phu hop véi yéu cau ctia mo hinh. Sau d6, anh dugc
chuyén d6i tr dinh dang PIL (Python Imaging
Library) hodc NumPy array sang dang tensor, mot
chu tric dir liéu phd bién trong PyTorch.
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+ Tinh chinh (fine-tuning) ResNet50 cho bai
toan tinh toan tuong dong hinh anh. Tinh chinh
ResNet50 bang cich gilt nguyén cic 16p
convolutional ban dau va chi huén luyén lai cac 16p
Fully Connected (FC) dé phui hop véi bai toan. Lép
FC cubi dugc diéu chinh véi 11 d4u ra twong mg
v6i s6 16p cia tap dit liéu.

Dong thoi, cac gié tri pixel clia anh dwoc chuan
hoa (normalized) tir pham vi [0, 255] vé [0, 1] va
tiép tuc diéu chinh dua trén gid tri trung binh (mean)
va d0 1éch chuan (standard deviation - std) cta tap
dir liéu huan luyén. Qua trinh nay gitip dam bao tinh
nhat quan trong dir liéu dau vao khi dua vio mé hinh
ResNet50. Sau khi tién xtr 1y, mo hinh ResNet50
duogc tai 1én cung véi cac trong s6 da duoc hudn
luyén trude d6. Hinh dnh du vao s& dugc dua qua
mo hinh dé trich xuat ddc trung. Céc dic trung niy
sau do6 dugc luu trit trong co s& dit licu cung véi
thong tin lién quan, bao gébm duong dan anh géc,
duong dan Iuu trit tép chira dic trung va cac dic
trung duoc luu dudi dang t¢p NumPy riéng biét cho
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ting anh. Qua trinh tinh todn do twong dong gitra
anh dau vao va cac anh trong co sé dir liéu duoc thuc
hién bang cach truy xuét thong tin tir hé thong. Cu
thé, hé thong ldy danh sach dir liu gom duong dan
anh (image path), duong dan tép chira dic trung
(feature path), va ID cua bai bao tuwong ung. H¢
thdng sé tra vé danh sach chira cac thong tin trén va
tiép tuc thuc hién truy van dé thu thap dir liéu bai
bao, bao g(“)m DOJ, tiéu dé, tap chi, nam xuét ban va
danh sach tac gia. PO twong dong giita anh dau vao
va céac anh trong co so di li€u dugc tinh toan dya
trén ham do luong cosine similarity giira vector dac
trung cua danh muc ti€u (target_vector) va vector dac
trung cua cdc anh da luu trir. Cubi cung, hé thong
sap xép cac anh theo do tuong dong giam dan, loc
két qua theo ngudng do ngudi dung thiét lép va hién
thi danh sach cac anh c6 mic do twong dong cao
nhét Dong thoi, théng tin bai bao lién quan, bao
gom DOI, tiéu d&, tap chi, nam xuit ban va danh
sach tac gia, cling dugc hién thi nham cung cip ngir
canh day du cho ngudi ding.
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3.2. Truc quan héa dac trung ciia ResNet50

Vi€e true quan hoa déc trung ciia ResNet50 giap
hiéu 13 hon vé& cach mo hinh trich xuit va xu ly
thong tin tir anh dau vao. Qué trinh nay cung cap goc
nhin sau hon vé cach ResNet50 nhan dién va phéan
biét cac dic trung hinh anh, tir 6 hd trg danh gia
cling nhu t6i wu héa mo hinh.

Mot trong nhitng ky thudt quan trong dugc ap
dung 1a Activation Map Visualization (tryc quan
hoéa ban d6 dic tru’ng). Khi hinh anh dugc dua vao
mang ResNet50, no sé trai qua nhiéu 16p tich chap
(convolutional layers). Mobi 16p ¢6 nhiém vu trich
Xudt cac dic trung & cac cap do truru tuong khac
nhau, hinh thanh nén ban dd dic trung (feature
maps). Nhitng ban d6 nay gitp xac dinh cac ving
ma mod hinh tap trung vao, bao gém canh, két ciu,
hinh dang va céc chi tiét phirc tap hon trong anh.

Trong nghién ctru ny, cic ban d6 dic trung tir
bdn 16p chinh ctia ResNet50 (layerl, layer2, layer3,
layer4) dugc trich xudt va tryc quan héa. Hinh 2
minh hoa anh gdc (a) va cach ResNet50 nhan dién
dac trung trén anh dau vao (b) bang cach chon t6i da
6 kénh dau tién tir timg 16p khac nhau. Cac gid tri
trong ban dd dic trung duwoc chuin héa nham cai
thién do 16 nét va duoc luu lai dudi dang hinh anh
tryc quan.

Phuong phap truc quan hoa nay giap lam rd cac
déc trung ma mo hinh da hoc duoc, ngay ca khi bang
mat thuong, anh gbc c6 thé khong co su tuong dong
1d rang. Piéu nay gitip ngudi quan sat dé dang phan
tich va danh gia qua trinh hoc ctia mé hinh. Lép dau
tién trich xudt cac dic trung co ban nhu canh va goc.
Céac 16p sau hon phat hién cac dac trung phirc tap
hon, lién quan dén hinh dang va cAu trac tong thé
ctia d6i tugng. GiGi han hién thi 6 kénh dau tién gitp
don gian hoéa vi¢c quan sat, giam bdt sy phuc tap
trong hinh anh truc quan nhung van giit duoc nhirng
thong tin quan trong nhat ma mo hinh da hoc duoc.
Phuong phap nay khong chi giap phén tich qua trinh
hoc ctia md hinh ma con h trg diéu chinh va t6i uu
héa mang no-ron, nang cao hiéu suit trong cac bai
toan nhan dién va phan loai hinh anh.

4. KET QUA THUC NGHIEM

4.1. Thu thap dir li¢u

Tap dir liéu hinh anh dwoc trich xut tir cac bai
bao khoa hoc bang ngon ngir tiéng Anh ciia Tap chi
Khoa hoc Pai hoc Can Tho dugc s dung trong

nghién ctru. Tuy nhién, do s6 lwong anh thu dugce tir
ngudn nay con han ché, tap dir lidu bo sung tir
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Kaggle da duoc sir dung nhim dam bao qua trinh
huan luyén mo6 hinh dat hi¢u qua cao hon.

Béang 1. Bang dir liéu 4nh dung phéan l6p

Class (L6p) S6 anh
Biéu do cot - (Bar chart) 1.038
Biéu d0 mién (Area Chart) 285
Anh chup (Photograph) 75
So d6 (Diagram) 1.339
Luu d6 (Flowchart) 1.229
D6 thi (Graph) 1.053
Biéu d0 ting truong (Growth chart) 844
Anh dang vin ban (Text) 2.984
Biéu d0 tron (Pie chart) 1.327
Bang dit li¢u (Table) 1.601
Hinh &nh thi nghiém (Experiment image) 274
Tong cong 12.049

Tong thé, dir liéu hinh anh dwgc phan thanh 11
16p, bao gém 12.049 anh. Trong do, 8 16p anh duoc
lay tir tap dir liéu do thi trén Kaggle, trong khi 3 16p
anh duoc trich xuét tir cac bai bao khoa hoc. Do tap
dir liéu chira hinh anh v6i kich thuge khong dong
nhét, viéc chudn hoéa kich thudc 1a can thiét &é dam
bao tinh nht quéan trudc khi dwa vao qué trinh huan
luyén mo hinh. Mo t chi tiét vé cac 16p anh c6 trong
tap dir liéu duoc trinh bay nhu Bang 1.

Tap dir liéu bao gdm cac hinh anh da dugc gan
nhan, duoc phan thanh 11 16p khac nhau, mdi 16p
dai dién cho mot loai ddi twong hodc chu dé cu thé.
Dé dam bao tinh hidu qua trong qua trinh huan luyén
mo hinh, tap dir liéu dugc chia thanh hai phﬁn theo
ty 1¢ 8:2, trong d6 80% dit liéu dugc s dung cho
huan luyén (training) va 20% con lai danh cho kiém
tra (testing). Viéc lua chon ty 1¢ nay nham dam bao
mo hinh ¢6 du dir liéu dé hoc va tong quat hoa tot
chc dic trung ciia tip huin luyén, dong thoi giir lai
mot phan dit liéu chua timg thdy dé danh gia do
chinh x4c va kha ning du doan. Diéu nay gitp kiém
chung tinh tong quat ciia mo hinh khi ap dung vao
dir liéu méi, dam bao ring mo hinh khong bi qua
khép (overfitting) véi tap hudn luyén.

Nghién ctru ndy duoc thyc hién trén nén tang
ngdén ngl 1ap trinh Python, st dung cac thu vién
quan trong phuc vu cho viéc trién khai va huén luyén
mo hinh hoc may (Machine Learning - ML). Toan
bd qua trinh dugc thye hién trén Google Colab, mot
moi trudng dién toan dam may hd trg GPU, gitp
tang toc d6 huin luyén mé hinh. Google Colab cung
cAp san cac thu vién nhu PyTorch, Torchvision va
cho phép tai mé hinh sau khi huan luyén vé may cuc
bd. Nghién curu st dung Python phién bén 3.8 tro
1én dé phat trién ma ngudn va trién khai cc thu vién
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hd trg cin thiét cho qua trinh huin luyén va danh gia
mo hinh.

Trong nghién ctru nay, hi¢u suét ciia cac mo hinh
ResNet50, AlexNet va VGG16 dugce danh gia thong
qua cac d9 do phd bién trong bai toan phan loai, bao
gom Precision (D chinh xac), Recall (Do nhay) va
do chinh x4c F1-score. Nhitng d¢ do nay giup danh
gia mirc do chinh x4c va kha nang tong quét héa cua
mo hinh trén tap dit licu kiém tra

4.2. Két qua thwe nghiém

MO hinh hoc sau da tr¢ thanh cong cu quan trong
trong nhiéu bai toan xur 1y hinh anh, ddc biét 1a nhan
dién va phan loai anh. Trong nghién ctru nay, mo
hinh ResNet50 duoc huin luyén trén tap dir li€u da
mo ta, sau do dénh gia két qua thong qua cac thong
sO nhur d6 chinh x4c (Precision), dd nhay (Recall) va
Fl-score. Dé danh gia hiéu qua cua md hinh
ResNet50, hai mo hinh CNN phd bién khac 1a
AlexNet va VGG16 ciing duoc sir dung dé so sanh.
Viéce so sanh dya trén cac thong s6 Precision, Recall
va Fl-score nham d4nh gia kha ning tong quéat hoa
va do chinh xac cta tirng md hinh.

Mo hinh ResNet50: ResNet50 1a m6 hinh CNN
sir dung Residual Blocks dé giai quyét van dé
vanishing gradient. Thyc nghiém cho thay
ResNet50 hoi tu sau 10 epoch. Két qua huan luyén
ghi nhén cac d9 do Precision, Recall va F1-score dat
muc kha cao (Bang 2).

Biéu db Train va Test Loss (bén trai): Loss trén
tap Train giam qua cac epoch, trong 2 epoch dau da
giam dang ké. Piéu nay cho thdy mo hinh hoc tot
trén tap huan luyén. Loss trén tap Test giam cham
hon so voi tap Train, c6 thé do dix lidu phuc tap hoac
mo hinh can thoi gian dé tong quat hoa trén tap Test.
Sau do, Test Loss hoi tu nhanh va dao dong trong
khoang 0,2 - 0,25, cho thdy mé hinh bat ddu hoi tu.

Biéu dd truc quan hoa hi¢u suét ctia md hinh
dugc thé hién ¢ Hinh 3. Biéu d0 Train va Test Loss
(bén trai): Loss trén tap Train giam qua cac epoch,
trong 2 epoch dau da giam dang ké. Piéu nay cho
thiy m6 hinh hoc tét trén tip huan luyén. Loss trén
tap Test giam cham hon so véi tap Train, c6 thé do
dir li¢u phirc tap hoac mo hinh can thoi gian dé téng
quat hoa trén tap Test. Sau do, Test Loss hdi tu
nhanh va dao dong trong khoang 0,2 - 0,25, cho thiy
mo hinh da bat dau héi tu.
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Biéu d0 Train va Test Fl-score (bén phai): F1-
score trén tap Train ting nhanh va dat gi4 tri cao gan
1 tir khoang epoch 3, sau d6 6n dinh & mirc khoang
0,97. Fl-score trén tap Test ting trong 3 epoch dau
va dao dong nhe sau d6. Gia tri Test Fl-score dat
cao nhét tai epoch 10 véi 0,9004, cho thiy két qua
kha tot.

Bang 2. D do dat dwgrc sau 10 epoch ctia mo6 hinh

ResNet50
Precision Recall F1-score
0,8795 0,9275 0,9004

Nhu vay, mé hinh ResNet50 hoi tu tir 8 dén 10
epoch, khi Loss va Fl-score déu 6n dinh. M6 hinh
dat hiéu suét cao nhat tai epoch 10, khi Test F1-score
dat 0,9004, cho thay kha ning tong quat hoa tot nhat
tai thoi diém nay. Vé d6 15i, Train Loss giam lién
tuc va hoi tu & mic rat thap (0,015 - 0,020) tir epoch
7 tro di, trong khi Test Loss duy tri trong khoang
0,14 - 0,19. V& d6 chinh x4c, Train F1-score dat murc
cao khoang 0,97, con Test F1-score ting on dinh va
dat dinh & epoch 10 véi 0,9004.

Ngoai mo hinh ResNet50, hai m6 hinh VGG16
va AlexNet ciing dugc thir nghiém dé so sanh va
danh gia.

M hinh AlexNet: Biéu dd tryc quan hoa hi¢u
suat ciia moé hinh AlexNet trong qua trinh huin
luyén dugc thé hién ¢ Hinh 4.

Biéu d6 Train va Test Loss (bén trai): Loss trén
tap Train giam déu qua cac epoch, dat 0,0380 &
epoch 10. Loss trén tap Test giam din trong vai
epoch dau, nhung sau d6 dao dong trong khoang
0,3-0,35 tir epoch 6 dén epoch 10, cho thdy mé hinh
bi overfitting.

Biéu d6 Train va Test Fl-score (bén phai): F1-
score trén tap Train ting déu va dat dinh & gan muc
0,96 vao khoang 8-10 epoch. F1-score trén tdp Test
tang on dinh trong cic epoch dau va dat gia tri
khoang 0,87 & epoch 7, nhung giam nhe vé sau.

Nhu vay, mo hinh AlexNet hoi tu tr khoang 8-
10 epoch, véi d6 15i thip va do chinh xéc cao. Tuy
nhién, sy chénh léch gilta Train va Test Fl-score
(Train khoang 0,96, Test khoang 0,85) cho thdy mo
hinh ¢6 déu hiéu overfitting

,Mﬁ hinh VGG16: Biéu dd truc quan h(’)a hiéu
suat ciia m6 hinh VGG16 trong qua trinh huan luyén
dugc thé hién ¢ Hinh 5.
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Hinh 7. Két qué tim kiém anh twong ddng (inh bén phii) so v6i anh muc tiéu (anh bén trai)

Biéu db Train va Test Loss (bén trai): Loss trén
tap Train giam trong 2 epoch diu tir khoang 0,4
xudng khoang 0,1, sau d6 hdi tu & murc khoang 0,05
sau 10 epoch. Loss trén tap Test dao dong nhiéu va
khong giam déu, cho thdy mé hinh co thé gip phai
vén dé overfitting.

Biéu dd Train va Test Fl-score (bén phai): F1-
score trén tap Train ting trong 2 epoch diu tir
khoang 0,75 1én 0,9, sau d6 hoi tu & mirc khoang
0,97 sau 10 epoch. Fl-score trén tap Test tang trong
3 epoch diu tir khoang 0,75 1én 0,85 va dao dong tir
epoch 4 dén epoch 10 trong khoang 0,8 - 0,85.

’Nhu’ vay, md hinh VGG16 hoc hiéu qua trén tap
huan luyén nhung biéu hién trén tap kiém tra chua
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hoan hao, cho thdy mé hinh chwa hi ty tét trén tap
kiém tra.

Cac do do cua 3 mo hinh ResNet50, AlexNet va
VGG16 duge thé hién nhu Bang 3.

Béang 3. So sanh d do cic md hinh ResNet50,

AlexNet va VGG16
Models Precision Recall Fl-score Tl{m,glan
xir ly (s)
ResNet50 0,8795 0,9275 0,9004 196
AlexNet  0,8503 0,8980 0,8709 157
VGGl6  0,8818 0,8785 0,8735 257

Nhu vay, thuc nghiém qcho théy, Re§Net§0
chung minh dugc khé nang tong quat hoa tot nhat,
v6i Test Loss thap va F1-score cao nhat. AlexNet va
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VGG16 tuy van la nhitng m6 hinh manh, nhung hiéu
suat chua dat duoc nhu ResNet50 trong bai toan
phén loai anh nay, mac du thoi gian xt Iy cua mo
hinh ResNet50 chua phai t6t nhat. Do do, ResNet50
14 lua chon t6i wu cho cac bai toan nhan dién va phéan
loai anh c6 dg phurc tap cao.

Tur két qua thyc nghi¢m trén, hé théng thuc hién
tinh toan twong dong anh théng qua anh dau vao so
voi tip co sé dit liéu anh duoc trich xuét trude do tir
cac bai bao khoa hoc dugc xay dung. Khi nhan anh
dau vao, hé thong thuc hién cac budce tién xir 1y dir
liéu va phan tich, sau do6 tra vé danh sach cac hinh
anh c6 mirc d6 tuong dong ngudng twong dong
cho trudc.

Dau tién, nguoi ding chon anh dau vao (anh muc
tiéu) can tim anh tuong dong, sau d6 chon ngudng
tuong dong 14 0,9 (xem Hinh 6). Sau dé, hé thong
tim dugc mot anh trong co sd dit li¢u c6 do tuwong
dong 12 0,9049, kém theo nhiing thong tin vé bai bao
khoa hoc ma anh dugc sir dung nhu: DO, tiéu dé,
tap chi, nam xut ban va cac tac gia (xem Hinh 7).

5. KET LUAN

Hé théng cor,sér dir liéu chira hinh anh tir cac bai
bao khoa hoc, két hop v6i phuong phap phan loai va
trich xuat dac trung phuc vu cho tim kiém hinh anh
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