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TOM TAT

Ngdy nay véi su phdt trién ciia y hoc hién dai, bénh nhdn ung thu phéi ngay cang dwoc phat
hién sém. Nghién ciru dé xudt mét phwong phdp méi bang cdch cdi tién kién triic U-Net truyén thong,
loai bé hoan toan phan gidi ma (decoder) va thay thé bang mét nhanh phan logi chuyén biét & cuoi
phan md héa (encoder). S thay doi ndy givip mé hinh tdp trung vao viéc trich xudt déc trung tong
thé ciia dnh cho bdi todn phén loai, thay vi tdi tao lai ban dé phédn doan ¢ mirc pixel. Diéu nay khong
chi gitip giam déang ké do phirc tap tinh todn ma van duy tri kha nang hoc héi cdc dic tring sdu sdc
tir anh y khoa @é phdt hién va chin dodn bénh ung thw phéi. Duwa trén tdp dir liéu IQ-OTH/INCCD,
mo hinh U-Net cdi tién cho két qua vieot tréi so voi cac phiwong phdp hoc sau khdc nhw VGG-186,
ResNet-50, NasNet Mobile va ViT.

Tir khéa: phuong phap hoc sau; chan doan ung thu phdi; mé hinh U-Net

1.  Giéi thiéu

Ung thu phdi duge xem 13 nguyén nhan hang dau gay tir vong lién quan dén ung thu
trén pham vi toan thé gii. Theo Globocan (IARC, 2022), tai Viét Nam trong nam 2022 ghi
nhén 24.426 ca mic méi va 22.597 ca tir vong vi cin bénh nay & ca hai giéi. Do cdu tric giai
phau phirc tap ctia phoi, viéc phat hién va chan doan chinh xac ung thu phdi van 1a mot thach
thire 16n di v6i nganh y khoa toan cau. Vi viy, viéc phat trién cac mé hinh hd tro chan doan
tu dong 13 can thiét, nhdm giam tai cho d6i ngii y khoa, déng thdi ning cao d6 chinh xac
cling nhu hiéu qua cho qua trinh chan doan. Nhitng nim gan day, nhiéu nghién ctru di tng
dung cdc mo hinh hoc sdu vao nhi€ém vu nhan di¢n ung thu phéi tr anh y khoa, cho théy tiém
nang 16n trong viéc hd trg béac si dua ra quyét dinh 1am sang nhanh chéng va chinh xac hon.

Cite this article as: Trinh, H. H., Tran, V. T., Nguyen, L. M. N., Nguyen, D. Q. B., & Le, H. T.V. (2025). Use
of deep learning models for lung cancer diagnosis. Ho Chi Minh City University of Education Journal of Science,
22(11), 1993-2005. https://doi.org/10.54607/hcmue.js.22.11.5018(2025)
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Phan loai ung thu phdi dwa trén dic diém mé bénh hoc (Howlader et al, 2020) gilp bac
sT dua ra chan doan chinh x4c va dinh hudng diéu trj hiéu qua. Trong d6, ung thu phdi duoc
chia thanh hai loai chtl yéu: ung thu phdi t& bao nho (Small Cell Lung Cancer - SCLC) chiém
khoang 15% tong s6 ca bénh va ung thu phdi khong té bao nhé (Non-Small Cell Lung Cancer
- NSCLC) chiém khoang 85% con lai. NSCLC tiép tuc dugc phan thanh ba thé chinh, trong
d6 pho bién nhét 13 ung thur biéu mo tuyén, chiém khoang 40% trudng hop; ké dén 13 ung thu
biéu mb té bao vay, chiém 25-30%; va cudi cing 1a ung thu biéu mé té bao 16n - thé it gip
nhét, chiém khoang 10-15% truong hop.

Trong nghién ctru nay, chung toi déng gop chu yéu & viéc cai tién mé hinh U-Net dé
phan loai ung thu phdi. Sau d6 chung ti so sanh mé hinh cai tién dé xuit v6i cac mé hinh
khac dé ching minh hiéu suat ctia U-Net cai tién véi mo hinh phan loai khéc.

2. D6i twong va phwong phap
2.1. Déi twong

Hién nay, nhiéu giai phap tmg dung tri tué nhén tao trong tim soat ung thu phdi da
duoc trién khai, gitip phat hién bénh nhanh chong va ti wu chi phi (Hosseini et al., 2024). Cac
kién truc thuong duoc ap dung dé chan doan c6 thé ké dén nhu VGG16 (Prasad et al., 2023;
Xu et al., 2024), hay ResNet-50 (Arun et al., 2024; Nasra, 2024; Kumar et al., 2024). Trong d6, mo
hinh U-Net ciing c6 nhitng dong gop to 16n (Kumar et al., 2023; Azad et al., 2024). Trong
kién tric géc, U-Net la mang no-ron tich chap c6 cAu truc hinh chit U, duoc thiét ké danh
cho cac bai toan phan doan anh y khoa, muc tiéu 1 phan loai timg pixel trong anh dau vao
tuong tmg voi mot ving giai phau hodc tén thuong cu thé. M6 hinh bao gém hai phan chinh:
phan encoder (bén trai) thuc hién trich xuét dic trung qua cac 16p convolutional va pooling,
va phan decoder (bén phai) c6 chirc nang ti tao lai ban d6 phan doan bang cach sir dung cac
16p upsampling va két ndi skip connection tir encoder.

~~~~~~

Hinh 1. Kién triic U-Net 2D ban dau (Azad et al., 2024)

Kién trac U-Net va cac bién thé ciia n6 da dugc chimg minh 14 cyc ki hiéu qua trong
cac bai toan phan doan anh y té. Ching han, cac nghién ciru ciia Tran va cong su (2022) da
cai tién mo6 hinh Attention U-Net dé phan doan cac ving ton thuong do COVID-19 hay
nghién ciru Wang va cong su (2023) dé phan doan ndt phdi cho thay kha ning dinh vi chinh
xac ctia md hinh. Tuong tw, Truong va Huynh (2023) ciing d4 phat trién mot phuong phap
dwa trén hoc sdu vira phan loai vira phan doan ton thuong COVID-19 trén anh CT, khang
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dinh strc manh cta céc kién trac CNN trong phan tich hinh anh y té. Tuy nhién, cac nghién
ctru trén chi yéu tip trung vao bai toan phan doan. Hudng tiép can cua ching t6i c6 su khac
biét: thay vi str dung U-Net dé dinh vi pixel, chung t6i bién dbi kién trac nay dé thuc hién
bai toan phan loai toan bo hinh anh. Bang cach loai bo phan giai ma khong can thiét cho
nhiém vu phan loai, ching t61 ké thira kha nang trich xuét dic trung manh mé cua U-Net
trong khi tao ra mot mo hinh gon nhe va hi¢u qua hon cho vi¢c chan doan.

Trong bai toan phan doan anh y khoa bang CNN, x4c suat phan 16p duoc tinh cho timg
pixel bang softmax. M&i pixel c6 mdt vector xac sudt, va ham mét mat cross-entropy duoc
ap dung trén toan bo ma trdn dau ra. Trong s mang duoc cip nhat thong qua lan truyén
nguoc, trong ty nhu cac mod hinh CNN phan loai truyén thng.

Wipr = We — H-AL(Wt) i )
trong d6 Wt la trong so tai thoi dieém t, u la learning rate, va VL 1a dao ham ciia ham mat mat
v6i cac trong sb. Mdi vong 13p huan luyén (epoch), mé hinh s& lan truyén xudi dé tinh dau
ra, sau d6 lan truyén nguoc (backpropagation) dé cip nhat trong sd theo hudng giam sai sd.

Sau khi qué trinh huan luyén hoan tat va mé hinh CNN dat dén trang thai hoi tu, hiéu
suit dugc danh gia bang cac chi sé chinh nhu d6 chinh xac (accuracy), d6 nhay (recall), do
chinh xac (precision) va F1-score.

Déi vai bai toan phan loai, do chinh xac duoc dinh nghia nhu sau:

TP+TN
__l_____l__.x 100
TP+TB+FP+FN

trong do: TP = True Positives, TN = True Negatives, FP = False Positives, FN = False
Negatives
2.2. Phwong phap

accuracy =

Kién tric U-Net gdc duoc thiét ké cho bai toan phan doan anh (image segmentation), voi
muc tiéu 1a phan loai timg pixel. Do d6, phan giai ma (decoder) c¢6 vai tro thiét yéu trong viéc
khoi phyc lai énh dau ra c6 cung kich thudc voi anh dau vao, tao ra mot ban dd phan doan chi
tiét. Tuy nhién, bai toan phén loai anh (image classification), muc tiéu 12 gan mot nhin duy nhét
(binh thuong, lanh tinh, 4c tinh) cho toan bo anh dau vao. Trong trudng hop nay, viéc tai tao
lai anh & muc pixel tré' nén khong can thiét va thira thai. Phan ma hoa (encoder) ciia U-Net von
da 1a mdt mang no-ron tich chap manh mé, c6 kha nang trich xuét cac dic trung htru ich tir anh.
Vi vay, chiing t6i dé xuit loai bo phﬁn decoder va chi tan dung phﬁn encoder nhu mdt bo trich
xuét dic trung hiéu qua, sau d6 dua cac dic trung nay vao mot nhanh phan loai don gian.

Cach tiép can nay hoan toan cé thé ap dung cho cac bd dir li¢u va bai todn phan loai
anh y té khac, khong chi riéng IQ-OTH/NCCD. V& ban chat, bat ki bai toan phan loai anh
nao ciing co6 thé hudng lgi tor mot bd trich xuét dic trung manh mé&. Viéc st dung encoder
cua U-Net cho phép ké thira kha nang hoc cac dac trung da cép dd cua no, trong khi vi¢c loai
bo decoder gitp mo hinh tré nén gon nhe va tap trung hon vao nhi€ém vu phan loai.

CAu trac chi tiét cia mo hinh U-Net cai tién:
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Tién xir Iy dir liéu Phan loai dir ligu Knéi tao mé hinh Hudn luyén Dé.nh gi? va Bao céo két qua
mé hinh dieu chinh
Bo dir ligu
hudn luyén
B dir ligu
xac thye

BG dir lidu
kiém chirmg

Trich xllﬁr
dac trung

Y
Gidm d§
phén giai

Hinh 2. Quy trinh phdn loai ung thuw phéi ciia hé théng xdy dung theo mé hinh U-Net.

Xac thyc va
tinh loss

]

Hinh 2 mé ta quy trinh hé thong stt dung m6 hinh U-Net cai tién ctia ching toi. Dt
liéu du vao sau khi qua budc tién xur 1i s& dugc chia thanh cac tap huén luyén, xac thuc va
kiém chimg. Trong qua trinh huin luyén, mé hinh U-Net chi str dung phan ma hoa (encoder)
dé trich xuat dic trung tir anh. Cac dac trung nay sau do duogc dua truc tiép vao mdt nhanh
phan loai (thay vi phan giai ma) dé dua ra du doan. Qua4 trinh huén luyén duoc danh gia va
diéu chinh dua trén ham mat mat (loss) va cac chi s d6 chinh xac. Quy trinh hé théng cua
md hinh U-Net cai tién duogc sir dung dé phan loai ung thu phoi. Hé théng bat dau véi “Dir
lidu dau vao”. Sau d6, dir liéu duoc “Tién xir i dir liéu” va “Phan loai dit liéu” thanh “Bo dir
liéu hudn luyén”, “Bo dir liéu xac thuc” va “Bo dit liéu kiém chimg”. Tiép theo 1a “Khéi tao
mé hinh” va “Huén luyén mo hinh”. Trong qua trinh huén luyén, mo hinh thuc hién “Trich
xuat dic trung” (bang encoder ctua U-Net), “Giam do phan giai” va “Két ndi nhay” (trong
encoder). Sau do, “Du doan” duogc dua ra va “Xac thuc va tinh loss™. Cudi cung, co budc
“Pénh gia va diéu chinh” trudc khi “Bao cdo két qua”.

Luu ¥: Trong quy trinh hé thong xay dung dwa trén mé hinh U-Net cai tién cua chung
t61, budc “Khoi phuc hinh anh” va cac két ndi tir “Giam d6 phan giai” va “Két nbi nhay”
dén “Khéi phuc hinh anh” trong kién tric U-Net géc da duoc loai bo, thay vao dé 1a mot
nhanh phan loai truc tiép tur cac dac trung duogc trich xuét boi encoder. Sau khi anh dau vao
duoc xtr i qua cac tAng cua encoder va tao ra mot ma tran dic trung & ting day (bottleneck),
chung t6i 4p dung mot 16p pooling co tén goi 1a GlobalAveragePooling2D dé tong hop toan
b thong tin khong gian thanh mot vector dic trung 6 kich thude ¢d dinh. Viée st dung 16p
pooling ndy giup giam manh sb lwong tham sé so véi viéc dung cac 16p Dense truc tiép,
ddng thoi duy tri duoc tinh khai quat cia mé hinh. Vector dic trung sau d6 dugc dua qua
mot hodc nhiéu 16p Dense két hop vo1 Dropout dé hoc cac biéu dién triru tuong hon va han
ché hién tuong overfitting. Cudi cing, 16p Dense dau ra v6i ham kich hoat softmax s& sinh
ra phan phdi x4c suat twong Gmg voi ba 16p chan doan (binh thuong, u 1anh tinh, u &c tinh),
cho phép md hinh di doan nhan bénh Ii caa anh dau vao.

Viéc thay thé phan decoder bing dau ra phan loai khong chi gitip giam do phtc tap ctia md
hinh ma con phtt hop hon véi ban chit ctia bai toan chan doan. Piéu nay duoc minh ching qua:
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Giam sb lweng tham sé va tinh toan: Phan decoder trong U-Net gc bao gom nhiéu
l6p tich chap, upsampling va cac két ndi bo qua (skip connections) phac tap, doi hoi mot
luong 16n phép tinh va tham sé. Viéc loai bo phan nay gilp giam dang ké chi phi tinh toén
va yéu cau bo nhé, 1am cho md hinh nhe hon va nhanh hon khi huan luyén va du doan. Mic
dd khong c6 sb liéu cu thé vé sb luong tham sb duogc trinh bay trong bai bao, day 1a mot
nguyén li co ban trong thiét ké mang no-ron sau.

T6i wu cho bai toan phan loai: Muc tiéu cia phan loai anh 13 dwa ra mot nhan duy
nhét cho toan bd anh. Encoder caa U-Net di rat hiéu qua trong viéc trich xuét cac dic trung
cap cao va ngit canh tir anh y khoa. Bang cach két ndi truc tiép cac dic trung nay voi mot
nhanh phan loai don gian, md hinh c6 thé tap trung vao viéc hoc cac dic trung phan biét ma
khong can phai tai tao lai anh & do phan giai gbc, diéu nay la khdng can thiét cho bai toan
phan loai. Bdng thoi, tan dung kién trac encoder manh mé& cua U-Net, dac biét 12 kha ning
giir lai théng tin ngit canh va chi tiét qua cac skip connection (dwoc sir dung trong encoder
dé truyén thong tin qua cac 16p), gitp md hinh van hoc duoc nhitng dic trung sau sic trong
anh y khoa. Su diéu chinh nay chang minh rang kién tric U-Net khdng chi hitu ich trong
phan doan anh ma con cé thé duoc tly bién linh hoat dé giai quyét hiéu qua cac bai toan
phan loai trong linh vuc hoc sau ng dung y khoa

Ngoai ra, viéc loai bo phan decoder va thay thé bang nhanh phan loai 1a mot ki thuét
téng quat, c thé &p dung cho bat ki kién tric mang nao c6 phan encoder manh mé trong viéc
trich xuat dic trung hinh anh. Do d6, viéc ndy hoan toan c6 thé ap dung cho cac dataset anh
y khoa khéc, mién 12 muc tiéu bai toan I1a phan loai anh téng thé chix khong phai phan doan
pixel. Hiéu qua cua viéc &p dung cé thé khéac nhau tly thudc vao dic diém cua ting dataset
va can dugc kiém ching théng qua thuc nghiém.

| Hudn luyén Danh gia va "
Du W8 Tigkn ik 1 dir lidu Phan loai di luéuHhm tao md hlnh]—r[ m hinh H dibu chinh Béo cho két qua
déu vho
Bé dir ligu
hudn luyén

B dir ligu
xéc thue

Kign tric mé hmh Xac thyc va

nén (VGG-186, tinh loss
ResNet-50...)

Hinh 3. Quy trinh phén logi ung thu phéi ciia hé thong xdy dung

duwa trén cac moé hinh ResNet-50, VGG-16, NasNetMobile va ViT
Hinh 3 md ta quy trinh hé thdng so sanh, ap dung cho cac mé hinh VGG-16, ResNet-
50, NasNet Mobile va ViT. Quy trinh tong thé tuong tu nhu Hinh 2, tuy nhién, khbi “Trich
xuét dic trung” trong Hinh 2 duoc thay thé bang toan bo kién tric phan loai ctia cac md hinh

Bé dir ligu
kiém chimg

nén twong ung. Cac mo hinh nay ciing thuc hién nhi¢m vu phan loai va dugc danh gia trén
cung tap dir liéu dé dam bao tinh cong bang khi so sanh vi mo hinh U-Net cai tién. Dic
biét, sau khi trich xuét dic trung bang cac ting tich chap (encoder ctia mé hinh nén), cac dic
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trung nay s€ duoc dua truc tiép qua cac 16p phan loai dé thuc hién “Dy doan”, vi vay cac
thanh phan thudc phan decoder (Giam dd phan giai, Khoi phuc hinh anh, Két ndi nhay) déu
khéng co trong Hinh 3. Quy trinh hé thdng tong quat cho cdc mé hinh so sanh bao gém
ResNet-50, VGG-16, NasNet Mobile, va ViT. Tuong tu nhu Hinh 2, hé théng bat dau véi

A2

“Dir li¢u dau vao”, “Tién xu li dir liéu” va “Phan loai dir li¢u

2

thanh cac tap huén luyén, xac
thue va kiém chtng. Sau d6 1a “Khoi tao mé hinh” va “Huén luyén mé hinh”. Trong qua
trinh huan luyén, cac mé hinh nay ciing thuc hién “Trich xuat dic trung”. Tuy nhién, thay vi
phan decoder ctia U-Net, cac mé hinh nay sé truc tiép dua cac dic trung duoc trich xuat qua
cac 16p phan loai (vi du cac 16p Dense) dé thuc hién “Dy doan”. “Xac thuc va tinh loss”
dugc thuc hién dua trén du dodn nay. Cudi cung, c6 buoc “Panh gid va diéu chinh” trudc
khi “Béo céo két qua”. Khac biét ¢t 161 so vai U-Net cai tién 1a cac mo hinh nay khong c6
ciu trac encoder-decoder hinh chir U va khong c6 cac “két ndi nhay” theo kiéu cua U-Net,
ma thay vao do la cac kién trac riéng biét da duoc tdi wu cho bai toan phan loai hodc trich
xuat dic trung.

Ching t6i ciing tién hanh thuc nghiém lai mé hinh VGG-16, ResNet-50, NasNet
Mobile, ViT dé c6 su so sanh véi mo hinh U-Net cai tién ma chung t6i dé xuét.
3. Két qua va thao luin
3.1. B¢ dir liéu

Puoc gidi thi¢u bdi Alyasriy va AL-Huseiny (2021), toan bo ti€u ban trong bd dir li¢u
d duoc cha thich va xac nhan boi cac bac si chuyén nganh ung thu va béc si chan doan hinh
anh tai hai trung tam khac nhau. Téng cong, bg dir li¢u bao gém 1190 anh CT-Scan tir 110
treong hop 1am sang, dugc phan loai thanh ba nhém chinh: u lanh tinh (Benign), u &c tinh
(Malignant), binh thuong (Normal). Cu thé, c6 40 truong hop é4c tinh, 15 truong hop lanh
tinh, va 55 truong hop binh thuong. Cac ki thuat tang cuong dir li¢u cling da dugc ap dung
dé giai quyét van dé mat can bang giita cac 16p phan loai. Bo dit liéu gdc chira: Lanh tinh =
120 mau; Ac tinh = 561 mau; Binh thudong = 416 mau. Sau do, Subhajeet Das (2024) di ap
dung céc ki thuat tang cuong dugc st dung bao gém lat ngang, lat doc, xoay, diéu chinh do
sang, cit duong vién, 1am mo theo chuin Gauss, sic nét, tuong phan, can b?mg biéu d6. B
dir liéu tang cuong co: 1anh tinh = 1200 mau, &c tinh = 1201 mau, binh thuong = 1208 mau.

Dit liéu dau vao 1a bo hinh anh mo bénh hoc tir bo dix liéu IQ-OTH/NCCD da qua tang
cuong (3609 mau). Dit liéu dugce chia theo phuong phap Hold-old: 80% dung cho huan luyén
mo hinh, 20% dung cho kiém thu.
3.2. Moi trwong thuwc nghiém

Bing 1. M6i trieong thue nghiém cho mé hinh U-Net cdi tién

Moi truong Kaggle Ngon ngir Thu vién

GPU T4 15GB Python 3.10.12 Tensorflow 2.15.0
Trong bai bao gbc, Ronneberger va cong su (2015) di gidi thiéu kién trac U-Net, va

cac phan tich chi tiét cho thdy mo hinh nay c6 khoang 31 triéu tham sé huén luyén. Tuy
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nhién, con sb nay co thé thay d6i tuy thudc vao cach trién khai cu thé; cac phién ban hién
dai trén nhimg nén tang nhu PyTorch c6 thé c6 sé luong tham sé cao hon, dao dong trong
khoang 34-39 triéu, do su khac biét trong cAu hinh cac 16p va viéc st dung cac ki thuat nhu
chuan hoa theo 16 (Batch Normalization).

Viéc thay thé phan decoder bang dau ra phan loai khong chi giup giam dé phirc tap
ctia md hinh ma con phu hop hon v6i ban chét cua bai toan chan doan. Bé ching minh cho
viéc giam d6 phurc tap, chung toi da tinh toan s6 luong tham sé huan luyén ctia mé hinh U-
Net gbc so voi phién ban cai tién cta chiing toi. M6 hinh U-Net gdc c6 khoang 31 triéu tham
s6, trong khi mé hinh U-Net cai tién sau khi loai bé phan decoder chi con khoang 7.8 triéu
tham sd. Viéc giam hon 75% s6 luong tham sb khong chi gitp ting téc do huan luyén ma
con giam nguy co overfitting, dic biét khi lam viéc v6i cac bo dir liéu y té thudng c6 kich
thudc han ché.

3.3. Phdn tich két qua

Pau vao 1a tap dir liéu hinh anh md bénh hoc ung thu phdi di dugc tién xur 1i dé dua
vao huin luyén va kiém tra. Céc thuét toan phan doan va phan loai dugc ap dung dé xac dinh
bénh. Hiéu suit ctia md hinh dugc danh gia qua dg chinh xac.

Sau khi huan luyén mé hinh U-Net cai tién thu duoc biéu db do chinh xac va biéu d6 ham mét:

fusion Matrx (image-Level

Training and Validation Accuracy Training and Validation Loss

— vali
® bes

Accuracy
s

M,

b

20 30 a0 s0 &
Epochs Epoc

' . ° X T Hinh 6. Ma trdn nham ldn
Hinh 4. Biéu do dg chinh xdc Hinh 5. Biéu do mat mat

ciia md hinh U-Net cdi tién

O Hinh 4, training va validation accuracy gan bang nhau & giai doan cudi, suy ra mé
hinh khong bj overfitting. O Hinh 5, training loss giam déu din va 6n dinh vé gan 0, suy ra mo
hinh hoc tét trén tap huén luyén. Validation loss giai doan dau khong on dinh ¢6 vai diém cao
dot ngot, sau do giam nhanh va tiém can thép dan, dén ¢ epoch 41 thi hoi tu gr:fm training loss.

Dura vao ma tran nham 1an ¢ Hinh 6, c6 thé thdy mé hinh da dy doan dung 715/722 anh va
chi ¢6 7 truomg hop bi sai, 16p “Malignant cases” du doan két qua hoan toan chinh xac (240/240)
khong c6 mau niao nham lan sang 16p khac (precision, recall=100%), 16p “Benign cases” c6
239/240 dugc dy doan dung va c6 mot mau bi nham sang 1op “Normal” nén anh hudng nhe dén
recall, 16p “Normal” ¢6 3 truong hop nhim 13 “Benign” va 3 trudng hop nham la “Malignant”,
day 1a ti 1¢ 18i cao nhét trong 3 16p. Néu tiép tuc huén luyén thi két qua sé rat kha quan.

So sanh két qua thu dugc vé6i cac phuong phap khac dugce cong bd trong cac nghién
cuu trude day, cung mot bd dir li¢u va phan loai, ta can xem xét céc tiéu chi tuong tu duoc
bao cdo bdi cac nghién curu trude do.
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Thuc nghiém mo6 hinh VGG-16:

Training and Validation Loss

Training and Validation Accuracy

n

Hinh 7. Biéu do chinh xac

Mabgrant cates  Normal cases
Predicted labe

Hinh 9. Ma trgn nham lan

reeres e

Hinh 7 cho thdy d6 chinh xéc (accuracy) trén ca tap huan luyén va kiém tra déu ting
dan theo thoi gian, cho thay mé hinh hoc hiéu qua. Do chinh xac trén tap kiém tra luén cao
hon hodc xap xi tap huan luyén va 6n dinh ¢ mac cao (~0.98-0.99) sau khoang 30 epoch,
cho thiy md hinh tong quét tét va khdng cd dau hiéu overfitting rd rét. Hinh 8 cho thay loss
trén ca tap huan luyén va kiém tra déu giam on dinh theo sé epoch, chang té mé hinh hoc
t6t va hoi tu. Loss kiém tra khong tang manh, cho thay khong c6 dau hiéu overfitting rd rét.
Mo hinh dat hiéu suat 6n dinh sau khoang 40 epoch.

Ma tran nham 13n & Hinh 11 cho thiy mé hinh phan loai rat tot, hau hét cac mau duoc dur
doan dang, véi rat it sai sot: chi 12 mau Benign bi nham sang Normal va 4 mau Normal bj nham
sang Benign. Md hinh phan biét chinh xac hoan toan cac truong hop ac tinh. Diéu ndy cho thay
mo hinh c6 do chinh xac cao va kha niang phan loai rét tt gitra cac loai tén thuong phoi.

Thuc nghiém mo hinh ResNet-50:

Training and Validation Accuracy Training and Validation Loss
= Training loss
10 — validation loss Benign cases ]
® bestepoch=29

200

150

Malignant cases 0
100

Normal cases

©
o
Normal :ases- = N
= ]

Benign cases

a0 50 0 10 20 50

Malignant cases

£
Epochs

Hinh 10. Biéu do chinh xac Hinh 11. Biéu dé mat méat Hinh 12. Ma trgn nham lan

Hinh 10 cho thdy d6 chinh xéc trén ca tap huan luyén va kiém tra déu ting nhanh va
dat murc rat cao (trén 0.95) sau khoang 15 epoch. M6 hinh dat két qua tét nhat tai epoch 29,
véi validation accuracy gan dat toi da. Sau do, do chinh xac 6n dinh va dao dong nhe, cho
thiy md hinh hoc hiéu qua va khong c6 dau hiéu overfitting. Hinh 11 cho thiy loss trén ca
tap huan luyén va kiém tra déu giam manh trong cac epoch dau va dan 6n dinh & mic rat
thip. Mo hinh dat hiéu suat tét nht tai epoch thir 29 (dugc danh dau bing cham xanh), noi
validation loss thap nhét. Sau d6, loss dao dong nhe nhung khong ting dang ké, cho thiy mo
hinh khéng bi overfitting va da hoi tu hiéu qua.

20 30
Epochs
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Ma tran nham 1an & Hinh 12 cho thay mé hinh phan loai rat tt ba 16p: Benign, Malignant
va Normal. Hau hét cac mau déu duoc du doan chinh xéc, chi c6 mot vai truong hop nham 1an
nhé, nhu 2 mau Benign bj nham sang Normal va 9 mau Normal bi nhdm sang Benign. Diéu nay
cho thdy mé hinh c6 d6 chinh xac cao va kha ning phan biét giira cac loai ton thuong phdi rat tét.

Thuc nghiém mo hinh NasNet Mobile:

Training and Validation Accuracy Training and Validation Loss Ma tran nham I3n

= Training Accuracy
— valigation ACcuraty
og @ bestepochs 50

20 30 Benign cases  Malignant cases Normal case:
Epochs Dy doan

Hinh 13. Biéu do chinh xac Hinh 14. Biéu d6 mat méat Hinh 15. Ma trdn nham ldn

Hinh 13 cho thdy d6 chinh xéc trén ca tap huan luyén va kiém tra déu ting 6n dinh
theo sé epoch. M hinh dat @6 chinh xac tét nhat & epoch tha 50 véi validation accuracy xap
xi 0.9. Tuy c6 khoang cach nho giira hai dudng, nhung khong dang ké, cho thiy mé hinh
hoc hiéu qua va khong bi overfitting rd rét. Hinh 14 cho thiy mé hinh hoc (training) rat tét
khi loss giam nhanh chéng va on dinh theo thoi gian. Tuy nhién, validation loss ¢ xu hudng
tang nhe sau khoang 20 epochs, cho thdy cé dau hiéu overfitting. Epoch thtr 50 dwoc danh
dau 1a “best epoch”, c6 1& 1a diém dung tdi wvu dé can bang giita viéc hoc tét va tranh
overfitting.

Ma tran nham Ian & Hinh 15 cho thdy mé hinh du doan dung 218 truong hop Benign,
218 truong hop Malignant, va 216 truong hop Normal. Tuy nhién, van con mot sé nham 1an
nhu 16 tredng hop Malignant bi du doan 14 Benign, 15 truong hop Benign bi nham sang
Normal, va 14 trudng hop Normal bi nham sang Malignant. Nhin chung, mé hinh ¢6 hiéu
sut tot nhung can cai thién kha ning phan biét giita cac 16p bénh Ii c6 biéu hién gan nhau.

Thuc nghiém mé hinh ViT:

Validation Accuracy i Loss per Epoch

~ P ul Train Lo

10

20 30 10
Epochs

P

Berogn caves  Mabgnant cases  Normal cases
e et

Hinh 16. Biéu do chinh xac Hinh 17. Biéu d6 mat méat Hinh 18. Ma trgn nham lan
Hinh 16 cho thay do chinh xac trén tap validation ting nhanh trong cac epoch dau va
duy tri & muc cao (trén 90%) tir khoang epoch thi 6 tro di. Biéu ndy cho thiy md hinh hoc
tbt, tong quat hoa tot va khdng cé dau hiéu overfitting rd rét. Hinh 17 cho thay ca train loss

0 2 14 5 10 12
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va val loss déu giam déu qua cac epoch, cho thay mé hinh hoc tét va 6n dinh. Khéng c6 dau
hiéu overfitting, vi val loss khong tiang tré lai va duy tri & muc thap.

Ma tran nham 13n & hinh 18 cho thiy mé hinh phan loai rat tdt, véi phan 16n cac truong
hop duoc du doan dung: 237 Benign, 230 Malignant va 220 Normal. S4 lugng nham 1an rat
it, chi co vai trudng hop nhu 5 Malignant bi nham 1a Benign va 21 Normal bi nham 1a Benign.
Nhin chung, mé hinh c6 d6 chinh xac cao va kha ning phan biét tét gitra cac 16p.

Bdng 2. Két qua huan luyén mé hinh U-Net cdi tién

Classes Precision (%) Recall/Sensitivity (%) F1-Score (%)
Normal 99.58 97.52 98.54
Benign 98.76 99.58 99.17
Malignant 98.77 100 99.38
Bdang 3. Két qua hudn luyén cia cac mé hinh
M@6 hinh Test accuracy (%) Precision (%0) Recall (%0) F1-Score (%)
U-Net ci tién 99.04 99.04 99.03 99.03
VGG-16 97.78 97.82 97.78 97.78
ResNet-50 98.34 98.36 98.35 98.35
NasNet Mobile 90.31 90.31 90.31 90.30
ViT 94.99 95.25 95.03 95.03

Theo Bang 1, md hinh U-Net cai tién dat hiéu suét rat cao trén ca ba I6p (Normal,
Benign, Malignant), voi cac chi sb precision, recall va F1-Score déu trén 97.5%, l6p
Malignant c6 recall dat 100%, cho thidy mé hinh c6 kha ning phat hién chinh xéc tat ca cac
truong hop 4c tinh, dong thoi precision ciing rat cao (98.77%), chi ra ti I¢ du doan sai thap,
I6p Benign va Normal ciing c6 F1-Score gan 99%, thé hién sy can bang tét giira precision
va recall. Didu ndy cho thiy mé hinh phan loai hiéu qua trén ca ba 1op.

Theo Bang 2, U-Net cai tién vuot troi so véi cac mo hinh khéc (VGG-16, ResNet-50,
NasNet Mobile, ViT) vai Test accuracy, precision, recall va F1-Score déu dat khoang 99%.
Diéu nay khang dinh wu diém cua kién tric U-Net duoc tdi wu cho bai toan cu thé nay.
ResNet-50 va VGG-16 c6 hiéu suat tét nhung thap hon U-Net, lan luot dat ~98.3% va
~97.8% F1-Score. Pay van la cac md hinh manh nhung c6 thé it phi hop hon véi tac vu
phan loai nay so v4i U-Net. NasNet Mobile c6 hiéu suét thap nhit (F1-Score ~90.3%), c6
thé do kién tric nhe khong da dé nam bat dic trung phic tap cua dit lidu. ViT (Vision
Transformer) dat hiéu suat trung binh (~95%), cho thdy mé hinh dya trén Transformer c6
tiém niang nhung can thém tinh chinh dé canh tranh véi U-Net.

Tur két qua va so sanh trén, ching ta cé thé két luan rang U-Net cai tién 1a mé hinh tét
nhét trong s6 cac mé hinh duoc so sanh, dic biét manh trong phat hién 16p Malignant (recall
100%). Su chénh léch hiéu suit gitra U-Net va cac mé hinh khéac (dic biét 1a NasNet Mobile)
cho thdy tAm quan trong cua viéc lua chon kién trdc ph hop vai bai toan. Céc chi s cao va
can bang ¢ ca hai bang phan anh mé hinh U-Net cai tién khong chi chinh xac ma con 6n dinh
trong du doan da 16p.
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4.  Kétluin va hwéng phat trién
4.1. Kétlugn

Cac mé hinh CNN, dic biét 1 phién ban cai tién cia U-Net, di ching minh hiéu qua
cao trong chan doan ung thu nho d6 chinh xac vuot troi va kha niang hoc tap téi wu. Nhing
tién bo nay khéng chi ma ra co hoi séng 16n hon cho bénh nhan ma con giam dang ké &p luc
cho ddi ngii y bac si tai cac bénh vién tuyén dau. Tuy nhién, nghién ctu hién tai van ton tai
mét han ché quan trong: dit liéu huan luyén va kiém thir duoc thu thap trong pham vi hep va
d4 qua chuan hoa ki ludng, do d6 chua phan 4nh day du tinh da dang va phuc tap cua dit liéu
lam sang thuc té. Noi cach khac, mo hinh chua dugce danh gia trén cac bo dir liéu y khoa da
dang tir nhiéu nguén khac nhau, diéu ndy c6 thé anh huong dén kha nang tong quét hoa trong
rng dung thuc tién.

4.2. Huwdng phit trién

Dé kiém chtng kha nang téng quat hoa ciia phwong phap, mot huéng di quan trong 1a
ap dung mo hinh U-Net cai tién trén cac bo dir liéu y té cho cac bai toan phén loai khac. Vi
duy, trong linh vuc chan doan ung thu da, nhiéu nghién ctu da sir dung cac mang CNN
(Huynh et al., 2022) hoic kién triic U-Net cho viéc khoanh ving ton thuong (Kibriya et al.,
2025). Vi¢c thir nghiém mo hinh cua chung t61 trén cac b dir li¢u tuong tu s€ gitip danh gia
li¢u phuong phap loai boé decoder co6 thuc su hi¢u qua trén cac loai anh va bénh 1i khac nhau
hay khéng, tir 46 khang dinh tinh linh hoat va tiém nang tmg dung rong rii ctia no.

Dé tiép tuc ting hiéu qua ctia md hinh, chiing t6i s& md rong tap dit liéu 1am sang thuc
nhd hop tac thu thap tir cac co sé y khoa trong nude, xay dung hé théng c6 kha ning giai
thich cac yéu td anh huong dén két qua du doan, str dung cac kién tric manh va hién dai hon
dé t6i wu hiéu sudt va tdc do trién khai. Ngoai ra, ciing can ting cudng dir liéu chuyén biét
cho anh y khoa dé giam thiéu mat dic trung, déng thoi cai thién do chinh xéac va tde do xir
li. Hon nita, can c6 su hop tac da nganh gitra cac nha nghién ctru dé phat trién thuat toan tdi
wu, bac si 1am sang dong vai tro cung cép dir liéu va danh gia thuc thyuc tién va cac ki su
phan mém dé trién khai cac hé théng s& giup phat hién ung thu sém, rat ngan thoi gian chan
doan va hd tro cac phac dd diéu tri cho timg bénh nhan.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

% Loi cam on: Nghién ciru nay duoc tai tro béi Ngudn ngan sach khoa hoc va céng nghé
Truong Pai hoc Sw pham Thanh phd HS Chi Minh trong dé tai ma sé CS.2023.19.21.
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ABSTRACT

Advances in modern medicine have facilitated the early detection of lung cancer. This study
proposes a novel deep learning approach by modifying the traditional U-Net architecture, in which
the decoder part is entirely removed and replaced with a specialized classification branch appended
to the encoder. This change helps the model focus on extracting global image features relevant to
classification, rather than reconstructing pixel-level segmentation maps. This not only significantly
reduces the computational complexity but also maintains the ability to learn deep features from
medical images for lung cancer detection and diagnosis. Based on the 1Q-OTH/NCCD dataset, the
improved U-Net model outperforms other deep learning methods, including VGG-16, ResNet-50,
NasNet Mobile, and ViT.

Keywords: deep learning method; lung cancer diagnosis; U-Net model
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