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TOM TAT

Gan la co quan quan trong trong co thé nguoi, hau hét cac bénh Iy va cdc ton thiwong ¢ gan thuong

khé phdt hién sém do thiéu triéu chirng ré rang. Piéu nay dan dén nguy co bién chimg nang, ddc bi¢t

la ung thuw gan, mét trong nhitng loai ung thuw gdy tir vong cao nhat toan cau. Bai bdo dé xudt sir dung

cac mé hinh may hoc nhu DenseNet-121, VGG-16 va ViT dé phat hién va phan loai t6n thirong gan

trén 2008 anh CT cdt I6p qua cdc thi arterial, delay, plain va venous. Cdc ton thirong dwoc : phan logi

gom nang gan, u mach mdu va ung thw biéu mé té bao gan, nham ndng cao hiéu qua tam sodt va

chan dodn sém.Két qua cho thdy mé hinh ViT dat do chinh xdc lén dén 0.99 véi thoi gian hudn luyén

ngan. Ngodi ra, bai bao ciing chi ra rang qud trinh gdn nhén dit liéu thii cong gap nhiéu théach thire

[6n, bao gom viéc doi hoi mot lwong on nhdn lwc co chuyén mon cao, tiéu ton nhiéu thoi gian va chi

phi. Bén canh @6, bai bdo dé xudt sir dung phwong phap hoc chu dong (active learning), nham tie

déng héa mot phan quy trinh gan nhan givp giam thiéu nguon lyec, tiét kiém thoi gian, chi phi va dam
bao tinh nhdt quan ciing nhw chdt lwong cho dir liéu.

Tw khoa: DenseNet-121, VGG-16, Vil, Active Learning
ABTRACT

The liver is an essential organ in the human body, and most liver diseases and lesions are often
difficult to detect early due to the lack of clear symptoms. This leads to a high risk of severe
complications, particularly liver cancer, one of the leading causes of cancer-related deaths globally.
This paper proposes using machine learning models such as DenseNet-121, VGG-16, and ViT to
detect and classify liver lesions on 2008 CT scan images across arterial, delay, plain, and venous
phases. The lesions are categorized into liver cysts, hemangiomas, and hepatocellular carcinoma,
aiming to improve the efficiency of screening and early diagnosis. The results show that the ViT model
achieved an accuracy of up to 0.99 with a short training time. Additionally, the paper highlights the
major challenges of manual data labeling, which requires a significant amount of skilled labor,
consumes time, and incurs high costs. Furthermore, the paper suggests the use of active learning to
automate part of the labeling process, reducing labor requirements, saving time and costs, while
ensuring consistency and data quality.
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1. GIOI THIEU
1.1. Gi6i thi¢u bai toan

V6i 905.677 ca méc, ung thu gan dimg thtr 6 trong cac loai ung thu phd bién va tht 3 vé ty 16 tir
vong toan cau voi 830.180 ca tir vong theo béo cdo nam 2020 cia GLOBOCAN [12], mot du 4n cua
Co quan Nghién ctiru Ung thu Qudc té. Ciing theo s liéu thdng ké tir GLOBOCAN 2020 cho thiy, mdi
nam Viét Nam c6 26.418 ca mic ung thu gan moi, trong d6 o tdi 20.256 s6 ca phat hién ¢ nam gidi
chiém ty 1¢ 77%. S6 ca tir vong do ung thur gan lu6n dan déu vOi 25.272 ca, chiém 21,9% tong s6 ca tir
vong do ung thu. Trong d6 c6 khoang 80% s6 ngudi mac ung thu gan phat hién ra bénh ¢ giai doan
nang. Viéc dua ra giai phap dé phat hién va chan doan sém céc ton thuong & gan thong qua cac ky thuat
may hoc, hoc sau la can thlet dé nhanh chong phat hién, kip thoi dua ra hudng diéu tri diing dan gitp
giam thiéu s6 ca mic va sb ca tir vong cuia cac bénh 1y vé& gan dic biét 13 ung thu gan ¢ Viét Nam néi
riéng va thé gi6i néi chung.




1.2. Cac nghién ctru lién quan

Mot sb cong trinh nghién ciru vé& may hoc trong du doan va phat hién bénh 1y vé gan tiéu biéu nhu:
Phan Anh Cang va cong su [2] sir dung cac mang Faster R-CNN, R-FCN va SSD d¢ phat hién u gan
trén anh CT, dat d§ chinh xéac 95,1%; Weibin Wang va cong su [19] da dé xuét viéc phan loai ton
thuong gan khu tri bang phuong phap hoc chuyén giao transfer learning va tinh chinh fine tuning
trén mo hinh ResNet, d chinh xac dat 91,2%; Ahmad va cong su [15] két hop ANFIS dé chan doan
viém gan, dat 96,17%; Samuel Budd va cong su [8] khao sat cac phuong phap active learning va
Human-in-the-Loop dé cai thién hiéu suat mo hinh trong phan tich hinh anh y té.

2. CAC CONG VIEC LIEN QUAN
2.1. DAu hiéu nhan biét ton thwong gan

Tén thuong gan la bét thuong té bao trong gan, thuong lanh tinh nhung co thé gay ung thu. Cac
ton thuong nay hlem khi gay triéu ching cho dén khi phat trién 16n nhu dau bung, budn nén va thay
d6i mau sic nudc tiéu hodc phan [1]. Viéc Phat hién va diéu trj kip thoi théng qua cac ky thuat hinh
anh nhu siéu am, CT scan va MRI 1a rat quan trong. Hinh 1 minh hoa cac dang ton thuong gan ph
bién théng qua anh CT bao gdm u nang gan (hepatic cysts), u mach mau (hepatic hemangioma) va
ung thu biéu mé té bao (hepatocellular carcinoma).

hepatic cysts hepatic hemangioma hepatocellular carcinoma
Hinh 1. Cdc dang ton thuwong ¢ gan
2.2. M6 hinh may hgc va phwong phap dwgc dung trong huén luyén

Mang DenseNet-121 (Densely Connected Convolutional Networks) [9] la ca1 tién cua ResNet véi
cau trac don gian va it tham so hon [14]. Mobi 16p trong DenseNet két ndi truc tiép voi cac 16p trude do,
t6i wu hoa ludng thong tin va gradient, giup huan luyén dé dang hon, dic biét trén tap dit liéu nho [11].
DenseNet-121 da ching minh hiéu qua trong viéc chan doan cac bénh duya trén hinh anh y té [17][7] va
trong céac linh vuc khac nhu phan loai hinh anh cong nghiép v6i do chinh xac vugt trdi. M6 hinh nay
c6 kha nang tinh chinh da cfip dd, tao ra nhiéu mang chuyén biét [6].

Mang VGG-16 (Visual Geometry Group 16-layer network) [21] 12 mdt mang no-ron tich chap
sdu voi 16 16p, gdbm 13 16p tich chap va 3 16p két ndi day du. Mang nay sir dung cac bd loc nho kich
thude 3x3 véi stride 1 va padding, dam bao giit nguyén kich thude ctia dau vao qua cac 16p tich chép.
Céc 16p tich chap nay dugc theo sau bsi cac 16p pooling (16p giam mau) kich thudc 2x2, gitp giam
kich thudc khong gian cua dic trung, giam thiéu sb luong tham sb va tinh toan. VGG-16 cho phép
hoc cac dac trung phuec tap tr dir li€u [3].

Mang ViT (Vision Transformer) [20] la phién ban cua Transformer danh cho xu ly hinh anh, da
cho thdy hiéu suét vuot trdi trong phan loai hinh anh s0 voi cac CNN truyén thong [10][4]. Su khac
biét chinh 1a viéc st dung céc 16p tich chap dé trich xuat dac trung hinh anh thay vi 16p nhiing dugc
str dung trong Transformer gc. Khong gidng nhu cac CNN truyén thong sir dung cac phép tich chap
khong gian dé trich xuét cac dic trung tir hinh anh, cac mé hinh Vision Transformer (ViT) st dung
céc co ché ty cha y dé nim bt cac mbi quan hé gitra cac ving khac nhau cia mot hinh anh c6 thé cai
thién hiéu sut [5].

Active learning [13] 1a phuong phap giam cong sirc gan nhin bang cach hd tro gan nhan ban ty
dong. Thay vi huén luyén trén luong l6n dir li€u, n6 str dung chién lugc léy mau dé chon cac dit liéu
chira nhiéu thong tin, gitip ting toc d6 hoi tu va giam s6 lugng dit liéu can gan nhan. Két qua 1y thuyét
cho thay chién luoc chon loc hiéu qua c6 thé giam dang ké cong sirc gan nhén so voi chon ngéu nhién.
Tuy nhién, trong phat hién 15i, cac chién luoc hién tai con gip nhiéu thach thic [18][16]. Trong bai
nghién ctru ndy, nhoém nghién ctru s& sir dung thuét toan “random selection” dé chon mau ngiu nhién,



phu hop voi dir liéu nhé va tang dg chinh xac hon so v6i cac thuat toan khac nhu “least confidence”,
“highest entropy”, “least margin”.
2.3. Phwong phap danh gia mé hinh

Ham tinh toan do mét mat (loss) duoc sir dung trong cac bai toan phén loai nhleu 16p dugc trinh
bay chi tiét trong cong thirc (1). Trong do, Yerue thé hién cho cac nhén thuc té, Ypred thé hién cho
nhin du doan tir md hinh, N 14 sb lugng miu c6 trong mé hinh, YprealisJ] biéu thi gia tri logic cla
mau thu i va 16p thi j.

€xp (.’Vpred[i'ZVtrue [i] )) (1)
Xj exp(J’pred[i,jD
Ham tinh toan d6 chinh xac (accuracy) ciia mé hinh dugc sir dung trong cac bai toan phan loai
nhiéu voi duoc biéu dién dum dang phuong trinh (2). Trong do, N la s0 luong mau co trong mo hinh,
¥, la nhan dy doan cho mau tht i, y; 12 nhin thue té trong ing cho mau thir i, 1(-) 1a diéu kién, bang
1 néu diéu kién bén trong 1a dung va bing 0 néu nguoc lai.

1 ~
Accuracy = ;Z’Ll 1y =) (2)
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Hinh 2. M6 hinh dé xudt dé phat hién va phan loai bénh gan

3.1. Giai doan huén luyén
3.1.1. Chuén bi dit li¢u va tién xir Iy anh

Trong giai dpap chudn bj dit liéu, sau khi tap dir liéu anh CT duoc chuin hoa tir anh DICOM sang
anh k¥ thuat s6 bang ky thuat HU (Hounsfield), bo dir liéu da CIu’Qc gan nhan s€ duoc chia thanh 4
tap nho, trong g voi cac thi arterial, delay, plain va venous. Mot tép dir liéu nho s€ dugce chia thanh
tap huan luyén va tap kiém thir. Cac tap huan luyén va kiém thir nay sé& chira 3 16p: nang gan (NAN),
u mach mau (HEM) va ung thu biéu mé té bao (HCC). Nhom nghién ctru s ap dung mot sO ky thuét

nham tang cuong dir liéu anh cho qua trinh huén luyén nhu: rotation, width shift, height shift, zoom,
horizontal flip.

3.1.2. Rt trich dic trung va qua trinh huén luyén

Sau khi tién xtr 1y dit liéu anh CT, nhém sir dung ba md hinh DenseNet-121, VGG-16 va ViT de
trich xuét dic trung va huan luyén trén ba loai ton thuong. Cac mé hinh duoc huan luyén trong cung
moi truong voi thong s6 giéng nhau va khi loss khong giam dang ké, qué trinh huén luyén két thic.
Sau d6, nhém s& kiém thtr va so sanh hiéu qua cac mé hinh.

3.2. Giai doan kiém thir

Trong giai doan kiém thir, dit lidu dugce tién xt 1y va phan loai dé x4c dinh bénh gan. Cac dac trung
dugc trich xuat twong tu nhu trong giai doan huan luyén. Moi hinh anh sé dugc xtr Iy qua mo hinh da
huan luyén dé tu dong phat hién bénh va du doadn nhan ton thuong, nham chon két qua chinh xac va
nang cao do chinh xac cua qua trinh phan loai.



3.3. Giai doan active learning

Nhom nghién ciru dé xuét tich hop active learning dé t6i wu hoa gan nhin va hd trg phat hién, phan
loai tén thuong gan. Véi 500 anh, trong d6 150 anh da dugc gan nhan, mo hinh s€ dugc huén luyén
va thir nghiém qua céac thuét toan chon mau nhu random selection, least confidence, highest entropy
va least margin. Tir 350 anh chua gan nhén, m6 hinh s€ tao du doan trung gian, dugc chuyén gia xac
nhan. Néu chinh xéc, cac anh nay s& bd sung vao tap gan nhan, cai thién dir liéu huén luyén. Quy
trinh 1ap lai cho dén khi dat hiéu sudt mong mudn, giam thiéu cong sirc va chi phi.

4. KET QUA THU'C NGHIEM
4.1. Moi truong cai diat va tap dir liéu thwe nghiém

Qua trinh huén luyén va kiém thtr mé hinh duoc thuc hién trén méi truong Linux véi CPU 6 1061,
RAM 64 GB, GPU NVIDIA Tesla V100 16GB, TensorFlow GPU 2.10 va Python 3.10. Tap dur liéu
gom 2008 anh CT tir mét’bénh vién & Can "l:ho’, v6i kich thude 512x512 pixel. BO dit 1i€u chira cac
anh CT tuong ung voi bon thi va ba loai ton thuong: nang gan (NAN) v6i 316 anh, u mach mau
(HEM) v61 504 anh va ung thu biéu mo6 t€ bao gan (HCC) chiém hon 50% véi 1188 anh.
4.2. Kich ban huén luyén

Bing 1. Tong quan kich ban hudn luyén

Kich ban | Mo hinh str dung | Tap dir li€u | batch size | num classes | learning rate | num steps

Arterial 16 3 0.001 200

Delay 16 3 0.001 200

! DenseNet-121 - i 16 3 0.001 200
Venous 16 3 0.001 200

Arterial 16 3 0.001 200

Delay 16 3 0.001 200

2 VGG-16 Plain 16 3 0.001 200
Venous 16 3 0.001 200

Arterial 16 3 0.001 200

. Delay 16 3 0.001 200

3 vit Plain 16 3 0.001 200
Venous 16 3 0.001 200

4.3. Két qua qua trinh huén luyén
a. Kich ban 1
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Hinh 3. Biéu do minh hoa dg madt mdt (loss) va d chinh xdc (accuracy) ciia kich ban 1 (DenseNet-121)

Hinh 3 minh hoa biéu dd loss va accuracy cua mang DenseNet-121 dya trén cac tap dir li¢u arterial,
plain, delay va venous. Gia trj loss giam dang ké trong 50 epochs ddu va 6n dinh sau dé, viéc huin
luyén dung ¢ 200 epochs véi cac gia tri thu duoce 1a 0.09, 0.07, 0.11 va 0.08. Vé accuracy, cac gia tri
tang manh trong 25 epochs dau va 6n dinh, voi két qua thu dugc 12 0.98, 0.97, 0.95 va 0.97.



b. Kich bin 2

Model Loss Arterial Model Loss Delay Model Loss Plain Model Loss Venous
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Hinh 4. Biéu @6 minh hoa dé mat mat (loss) va dé chinh xdc (accuracy) ciia kich ban 2 (VGG-16)
Hinh 4 minh hoa biéu db loss va accuracy ciia mang VGG-16. Du gia tri training tot, nhung gia
tri validation chua dat hiéu qua cao. Loss giam dang ké trong 100 epochs dau va 6n dinh sau d6, khi
chiing t6i ding huan luyén & 200 epochs véi cac gia tri loss cudi ciing thu duge 13 0.06, 0.09, 0.15 va
0.13. V& accuracy, cac gia tri ting manh trong 25 epochs dau va 6n dinh, v&i két qua cudi cing thu
dugc 1a 0.96, 0.95, 0.94 va 0.95.
c. Kich bdn 3

Model Loss Arterial Model Loss Delay Model Loss Plain Model Loss Venous
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Hinh 5. Biéu d6 minh hoa d¢ mdt mat (loss) va dé chinh xdc (accuracy) cia kich ban 3 (ViT)

Hinh 5 cho théy su tién trién o rét cla mang Vision Transformer trong kich ban 3. V&i cac tap dir
liu arterial, plain, delay va venous, mo hinh dat d chinh xéc lan luot 12 0.99, 0.98, 0.96 va 0.98.
Trong 100 epochs déu, loss giam dang ké, du tap plain va venous c6 chut khong 6n dinh. Dén epochs
130, loss 6n dinh va giam dang ké. Sau 200 epochs, khi loss khong giam thém, nhém dimg huén
luyén. Két qua cudi cting cho loss 1an luot 13 0.03, 0.06, 0.12 va 0.07.

4.4. Két hop ViT véi active learning
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Hinh 6. Két qua thuc nghiém gidi phdp két hop mé hinh mang ViT va active learning



Sau khi thuc nghiém, nhom nghién ctru chon mé hinh ViT két hop véi active learning qua 30 vong
1ap, mdi vong gom 10 epochs va thém 5 anh vao dir liéu nhur da trinh bay ¢ phan 3.3. Két qua tir hinh
6 cho thfiy random selection dat hiéu suit cao nhit v&i do chinh xac 0.95-0.98, vuot trdi hon cac thuét
toan khéc. Least confidence c6 d§ chinh x4c 0.91-0.97, trong khi highest entropy va least margin dat
0.70-0.83.. Vi két qua kha quan, nhom nghién ctru két luan random selection 1a giai phap hiéu qua
nhét cho viéc gan nhan ty dong trong mé hinh Vision Transformer.

4.5. Két qua phan loai bénh gan

Prediction HCC Prediction HCC Prediction HEM Prediction HCC Prediction HCC Prediction NAN Prediction NAN

JDH lenpy
JDH lenpy
W3H |enjy
W3H lenpy
DJ0H Ienpy
NVN [enpy
‘ NVN [enpy

Hinh 7. Mét s6 hinh dnh két qua phan loai bénh gan

5. DANH GIA VA SO SANH CAC KICH BAN HUAN LUYEN

Qua qua trinh thuc nghiém trén bdn tap dir liéu cho ba kich ban dé xuét. Biéu dd 1.a cho thfiy do
chinh x4c dao dong tir 0.94 dén 0.99, véi tap arterial on dinh va dat cao nhét (0.99). Trong khi d6, tap
delay, plain va venous dao dong nhiéu hon, v&i d6 chinh xéac thfip nhét 0.94 & kich ban 2. Biéu d6 1.b
cho théy d6 mat mat & kich ban 3 thép nhét, dic biét arterial chi 0.03, trong khi kich ban 2 c6 mirc mét
mat cao nhét (plain 1a 0.15). Biéu d6 1.c thé hién thoi gian hudn luyén, voi kich ban 3 chi mat 56 phut
tong cong nho ViT chia dif lidu thanh patch, giam thiéu thoi gian huan luyén. Kich ban 3 duoc danh gia
hiéu qua nhit, can bang giita thoi gian va hiéu suat. Vi mé hinh mang ViT s& chia nho cac dir liéu ra
thanh cac patch dé dem di huén luyén giup giam thiéu thoi gian ciing nhu do tim dic trung trén anh,
théng qua dé cho thay, kich ban 3 khong chi hiéu qua vé thoi gian huin luyén ma con vuot troi vé do
chinh xac va hiéu suat, do d6 nhém danh gia day 1a mo hinh mang hiéu qua nhéit trong viéc cin bing
gitra thoi gian hudn luyén va hiéu suit mé hinh.
6. KET LUAN

Trong nghién ctru nay, nhém nghién ciru da dé xuat va ap dung cac mé hinh may hoc DenseNet-
121, VGG-16 va ViT dé nhan dang va phan loai tén thuong gan dua trén anh CT va dwa ra giai phap
active learning dé gan nhan ty dong dir lidu. Muc tiéu 1a phat hién ba loai t6n thuong gan va dé xuét
{mg dung phuong phap active learning vao bai toan nham giai quyét van dé gan nhan dir liéu tur dong
giip giam thoi gian, chi phi va tang cuong dir liéu mét cach ban tu dong cho cac chuyén gia vé chin
doan. Két qua thuc nghiém cho thay ca ba m6 hinh mang déu dat do chinh xéc cao, tuy nhién, mo
hinh ViT ndi bat hon vé6i kha ning phat hién va phan loai ton thuong vuot troi, dat do chinh xac 1én
dén 0.99 va d6 mat mat chi 0.03. Diéu nay khang dinh tiém ning cua ViT trong viéc nang cao hiéu
qué tam soat va chan doan som ton thuong gan, gop phan cai thién stc khoe va chat luong cude séng
ctia bénh nhan. Tuy nhién, trong nghién ctru nay con han ché vé thoi gian huin luyén déi véi cac
mang CNN va sb luong dir liéu anh trong tap huan luyén va kiém thir con kha it. Mac du phuong
phap active learning c6 thé hd tro doi ngii chuyén gia trong viéc gan nhan ty dong cho tap dit liéu
chwa duoc gan nhan nhung né ciing c6 nhing han ché. Cac thuat toan active learning c6 thé gap kho
khan trong viéc chon lya mau dir liéu can gan nhan magt cach hi€u qua khi ddi mat véi dir liéu phtrc
tap va da dang. Thém vao do, viéc trién khai active learning do1 hot sy hiéu biét sau vé cac thuat toan
va c6 thé dan dén chi phi ban dau cao cho viéc phat trién va duy tri hé théng. Cudi cung, du ty dong
hoa quy trinh gan nhan 1a mét muc tiéu 1y tuong nhung sy can thiép cua con nguoi van can thiét dé
dam bao chat luong va tinh chinh xac cua dit liéu. Trong twong lai, nhém sé tiép tuc nghién ctru dé
tai nay voi cac mo hinh mang khac nhu MobileNet, EfficientNet, ANFIS két hop véi mdt ) k¥ thuat
vé tang cuong dir liéu anh dé so sanh va danh gia nhdm tim ra mo hinh ti uu nhat cho bai toan nay.
Bén canh d6, nhém ciing sé ap dung bai toan vao moi trudong xu Iy phan tan va song song dir li€u 16n
dé xtr Iy lwong dir liéu ngay cang tang khi ap dung phuong phap active learning.
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