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TOM TAT

Phan doan chinh xdc khéi u tuyén tuy tir anh y té la mét thach thire 16m trong Ilinh vuc thi gidc
may tinh do nhitng phirc tap vé hinh dang, kich thuéc khéi u va do twong phan thap gita mé bénh
vd cdc co quan lan can. Nghién civu nay dé xudt mot mé hinh U-Net cdi tién da tang nham gidi quyét
viéc mat mat thong tin, cho phép nhdn dién tot ca cdc khoi u kich thude nhé. Co ché chit y dwoe dp
dung tai cac két noi tdt gitp mo hinh tdp trung vao khu vuc khéi u va han ché cac tin hiéu nhiéu tir
nén. M6 hinh dé xudt dweoc hudn luyén va danh gid trén tdp di liéu Medical Segmentation Decathlon-
Pancreas Task (MSD-PT) c6 két qud thiee nghiém dat hiéu sudt kha quan véi hé sé twong dong (Dice
Similarity Coefficient-DSC) dat 0.7 va dé nhay (Sensitivity) dat 0.76, gép phan trong hé tro phdt
hién sém va giam bé sét khoi u.

Tir khéa: anh chyp cét 16p vi tinh; khdi u tuyén tuy; phan doan khéi u; mé hinh U-Net

1.  Gié6i thiéu

Tuyén tuy 14 mot co quan déng vai tro thiét yéu trong qué trinh trao doi chat va tiéu
hoa. Tuyén tuy co vi tri rat dic biét, ndm sau trong b bung, sau da day, gﬁn tui mat, kich
thudc kha nho chi khoang 80 gram (Zhang et al., 2023). Su phat trién bét thuong ciia cac mo
trong tuyén tuy gy ra ung thu tuyén tuy, 1a mot trong nhiing nguyén nhan hang dau gay tir
vong trén toan thé gisi (Sung et al., 2021).

Gall Bladder ~—LhvE

Pancreatic Tumor Pancreas

g .
Hinh 1. Khéi u tuyén tuy trong co thé nguodi Hinh 2. 4nh CT khai u tuyén tuy
(Kaur et al., 2024) (Kaur et al., 2024)
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Bogovic va cong su (2013) dé cap dén viéc phan doan tir anh CT gitip chan doan va
diéu tri sém céac bénh, trong d6 c6 cac bénh 1i tuyén tuy. Anh CT c¢6 do phén giai twong dbi
cao, cung cap hinh anh cit ngang chi tiét vé cau trac tuyén tuy, thu thap thong tin vé kich
thudc, hinh thai va vi tri khdi u mot cach hiéu qua, tr d6 duoc su dung trong phan doan va
chan doan sém ung thu tuyén tuy, ting ti 1& séng cho bénh nhan (Zhang et al., 2024). Cac
ung dung hoc sau trén anh CT, dac biét 1a tap dir ligu MSD-PT, da dat dugc nhitng budce tién
dang ké trong hd tro chan doan sém ung thu tuyén tuy. Gan ddy, cac nghién ciru tiéu biéu
nhu TAU-Net (Mahmoudi et al., 2021) va NAD Network (Li et al., 2023) da cai thién kha
nang phat hién ton thuong nho va do twong phan thap, voi Dice dao dong trong khoang 0.61-
0.63 va Sensitivity tir 0.68-0.72.

Xem xét bai toan hoc sau phan doan theo tang (cascade segmentation) v6i ting mot 1a
phan doan tuyén tuy va ting hai 1a phan doan khéi u tuyén tuy, ching t6i nhan thiy phan
doan tuyén tuy da dat nhitng két qua kha tot, nhu Yang va cong su (2022) cong bd Dice dat
0.85 va Sensitivity dat 0.91, dbi v6i phan doan khdi u tuyén tuy thi tong quan cac nghién
cuu trén cho thfiy hiéu suét phat hién trén tap dit liéu MSD-PT van con han ché. Khoang
trbng nghién ctru nay cho thiy can c6 mot chién luoc xt 1i dic thi hon khi phan doan khéi
u nho va kho phat hién.

Pham va cong sur (2023) dé xuit quy trinh phan doan (segmentation framework) anh
y khoa tich hop nhiéu ki thuat tién xur 1i va hoc sdu gitip ting tinh 6n dinh cia mé hinh va da
dem lai hiéu qua trong phan doan khéi u gan. Trong nghién ctru nay, chiing t6i ciing dé xuat
tién xtr 1i cit bo nén thira, chi tap trung vao khéi u, 1am ndi rd vién cua khdi u tuyén tuy bao
go6m chudn héa HU, loc 14t cit, trich xudt ving quan tim (ROI); & budc tiép theo, chung toi
dé xuat mo hinh hoc sdu MS-ECA-UNet voi khéi tich chap da ti 1& va co ché chu y kénh
duoc tich hop ¢ ca hai nhanh mé héa va giai ma nhim t5i wu mé hinh theo tiéu chi giam
nguy co bo sét khdi u, mot yéu td quan trong trong hd trg chan doan 1am sang. Tinh méi caa
nghién ctru khong ndm ¢ timg thanh phan riéng 1é ma ¢ sy két hop giita quy trinh tién xtr 1i
tap trung khdi u va kién tric hoc da ti 16 ¢6 co ché chu ¥ gia ting d6 nhay, muc tiéu gitp mo
hinh hoc hi€u qua hon cac tdn thuong nhod va bién mo, cai thién hi¢u suét phat hi¢n (Dice va
Sensitivity).

2.  Phwong phap
2.1. Tién xi li div liéu

Du va cong su (2023) cho biét trong nhiéu nghién ctru phan doan trude day thi khéi u
tuyén tuy c6 Dice thip hon so v6i phan doan khéi u cac co quan khac trong 6 bung do su két
hop gitra 6 trong phan hinh anh thap va kich thudc ton thuong nho. S6 liéu thong ké cho
théy duong kinh khdi u chi dao dong tr 1.7 dén 6.7 cm, tham chi dudi 0.5 cm, chiém ti 1& rat
nho trong khong gian anh. Diéu nay dan dén ti 16 miu duong tinh chi bang 1/6 so voi miu
am tinh, gdy ra bai toan mat cin bang dir liéu nghiém trong.
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Nghién ctru str dung bo dir liéu MSD-PT va dé xuit quy trinh tién xur 1i nham t6i wu
hoa thong tin khéi u va giam nhiu nén: Pau tién anh CT 3D duoc chuan hoa HU trong dai
[-128, 127] két hop chuan hoa tuyén tinh vé [0,1] dé phu hop t6i da voi dic tinh moé mém
ving bung (Huo et al., 2019). Sau d6 cit anh CT 3D thanh céc slice 2D (Yang et al., 2022),
giam kich thudc vé 256x256 pixel, chi giir lai cac 1at cit chira tuy (label=1). Tiép theo tién
hanh trich xuat ving quan tim (crop ROI) bao quanh tuyén tuy va khéi u, chi giit lai cac lat
cat chira khdi u (label=2), giam kich thudc vé 128x128 pixel, cudi cting 1 gom nhén tuyén
tuy va nén con sot 1ai=0, gan nhin khdi u=1. Chién luoc nay gitip mé hinh tap trung chuyén
biét vao viéc phat hién khdi u, han ché bo sot bénh. O budc ting cuong dit liéu, chung toi
chon ki thuat an toan cho anh CT 1a thay d6i do sang (brightness) va thay doi d6 twong phan
(contrast) (Yang et al., 2022) dé bao toan ciu trac giai phdu va hinh thai cua tuyén tuy, dic
biét tai ving chuyén tiép giita khdi u va mo lanh.

2.2. M0 hinh MS-ECA-UNet
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Hinh 3. Kién triic Unet 2D ban dau (Azad et al., 2024)

Chung t6i dé xuat mot phuong phap két hop co kién trac dua trén y tuong ciia Du va
cong su (2023) cting voi md hinh U-Net ban dau nhur Hinh 3 dé phan doan khéi u tuyén tuy.
Kién triic U-Net ban dau dugc thiét ké cho bai toan phan doan anh (Azad et al., 2024). Trong
d6, phan ma hoa (encoder) ¢ vai tro quan trong trong viéc trich xuat dic trung dé giap mo
hinh hiéu ndi dung anh ¢ nhidu muc d6 triru tuong, phan giai ma (decoder) ¢ vai trd thiét
yéu trong viéc khoi phuc lai 4nh dau ra c6 cing kich thude v6i anh dau vao, tao ra mot ban
dd phan doan chi tiét.

Dé giai quyét muc tiéu 1a ting d6 chinh x4c trong phan doan khdi u va han ché bo sét
khdi u, chiing t6i da tién hanh cai tién kién trac U-Net ban dau ¢ trén theo hudng ting cuong
kha ning trich xuat dic trung va nhin manh sy cha ¥ dén cac ving lién quan khéi u tuyén
tuy. Mot sb nghién ciru gan déy c6 tap trung khai thac dic trung da ti 16 nham cai thién kha
nang phat hién ton thuong nho. Vi dy, Lu va cong su (2025) dé xuét kién traic MDMU-Net
v6i co ché da chiéu va da ti 1¢ cho phan doan ung thu tuyén tuy. Trong mé hinh ciia ching
toi, & giai doan ma hoa, mdi téng cua encoder ciing dugc tich hgp mot khéi tich chap datil¢
(Multi-Scale convolution-MS), trong d6 mdi giai doan déu ¢ 3 nhanh tich chap la 1x1 hoc
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dac trung cuc bd, 3x3 hoc cAu tric md, 5x5 hoc bién khéi u. Muc tiéu gitip mo6 hinh niam bat
tdt hon bién u tir 1én dén nho, gidm rui ro bo sot khéi u nho, dic biét phu hop cho tumor cé
hinh thai khong 6n dinh, cai thién kha ning phat hién ca khéi u 16n 1an khéi u nho.

Bén canh d6, cac md hinh U-Net két hop co ché cht y ciing da duoc nghién ciru rong
rai trong cac bai toan phan doan y khoa, trong d6 thi nghi¢ém v1 mo hinh Attention U-Net
cai tién cho phan doan ton thuong phdi trén anh CT COVID-19 (Tran et al., 2022) ching
minh co ché cha y ¢ thé gitp mé hinh tap trung tot hon vao cac ving ton thuong. Trong
mo hinh cta chiing t6i, sau khi két hop cac nhanh dic trung, ban dd dic trung (feature map)
cling duoc ting cuong thong tin qua co ché chi ¥ (Efficient Channel Attention-ECA). Co
ché nay ap dung tich chap mat chiéu trén vector dic trung toan cuc, gitip mo hinh hoc dugc
su phu thudc gitta cac kénh véi chi phi tinh toan thap hon va khong 1am mét thong tin quan
trong & cac kénh yéu, dic biét hitu ich ddi véi cac ton thuong nho hodac mo, han ché nguy
co bo sét ¢ nhiing truong hop u kich thudc nho hodc c6 ranh gidi khong rd rang. Sau do, dac
trung duoc giam kich thudc bang phép MaxPooling nhu trong kién trac U-Net ban dau dé
chuyén sang tang triru twong siu hon trong encoder. O nhanh giai mi, dic trung duoc khoi
phuc dan d6 phan giai bang phép 14y mau ting (upsampling) va ghép ndi voi dic trung twong
g tir encoder thong qua cac két ndi tit (skip-connection), tiép tuc str dung khdi MS va co
che ECA.
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Hinh 4. Kién tric MS-ECA-UNet (Multl-Scale Conv két hop ECA Attention ¢ 2 nhanh ciia U-Net)
Kién triic dé xuit (MS-ECA-UNet) van ké thira uu diém cua U-Net ban dau trong viéc
bao toan thong tin khong gian thong qua céc skip-connection, dong thoi ting cuong kha nang
biéu din dic trung nho sy két hop gitra co ché hoc da ti 16 MS va kénh cha y ECA. Nho do,
mo hinh ¢6 thé tap trung hiéu qua hon vao cic ving nghi ngd ton thwong, dic biét 13 cac
khéi u 6 kich thudce nho, bién md hoic hinh dang phurc tap.
3. Thinghiém va danh gia két qua
3.1. B¢ dit liéu
B¢ dit lieu MSD-PT do Trung tim Ung thu Amber Simpson tai Hoa Ki cung cap
(Simpson et al., 2019). Trong dé chira mét b dit liéu huén luyén 281 anh CT va mét b di

1067



Tap chi Khoa hoc Trwdng BPHSP TPHCM Trinh Huy Hoang va Lé Hong Thiy Vii

liéu thtr nghiém gém 139 anh CT. Do phan giai mit phang truc 1a 512x512 pixel. Bo dit liéu
chira ba nhdn: nén, tuyén tuy va khdi u. Bo dir liéu duoc cong khai tai trang web
medicaldecathlon?.

Original CT Slice

Pancreas + Tumor Mask Overlay on Original CT

Hinh 5. Mt lat cat (case 411) c6 mdt na fiong iing bao gom nén, tuyén tuy, khéi u
3.2. Tién xi li dir ligu

Qriginal CT (512x512) HU Windowing

Anh géc (Processed) Anh mat na (Tumor Mask) Anh Overlay

MEDIUM CASE SELECTED
Case : pancreas_411.nii.gz
Slice H

|7 Area(px) : 450
Size(BBox) : 21 x 26 pixels
Pixel size : @.736 x ©.736 mm

L Area(cm?) : 2.448 cm?

Hinh 6. Mgt lat cat anh 2D (case 411) va mat na firong 1ng

Nghién ctru nay chi tip trung vao phat hién khéi u, nén ching toi chi tap trung vao
cac lat cat anh 2D. Kich thudc ctia anh 3D c6 dang (x,y,z), trong d6 z 1a sb 14t cat. Nghién
cuu thuc hién mot vong lap trén tat ca cac gia tri tu 0 dén z -1. Sau do, nghién ctru chon va
lru céc 1at cit c6 khédi u dudi dang “.npy” va ap dung ¥ tudng dé xut dé thuc hién phan
doan khdi u. Piéu nay khong chi giam dit liéu khong lién quan ma con giam khéi luong tinh
toan cho may tinh, giup mé hinh c6 kha ning hoc tét hon. Hinh 6 & trén 1a mot minh hoa 6
két qua ctia qua trinh tién xir 1i dit liéu. Tiép theo, chung t6i chia dit lidu thanh 70% cho tap
huén luyén (train), 20% cho tap kiém thir (valid) va 10% cho tap kiém tra (test). Sau khi chia
thi ti 16 phan bd pixel nhur Bang 1 cho ta théy ti 1& pixel tumor chi chiém khoang 8-11% nén
mat can béng manh & cép do pixel. Vi vay, dé han ché viéc mo hinh ¢6 xu huong thién 1éch
vé viéc hoc nén (background), nghién ctru str dung ham mat mat dya trén Dice nhdm nhan
manh trong s tai cac ving ton thuong c6 kich thudce nho.

! http://medicaldecathlon.com/ (ngay truy cap: 20/12/2025)
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Bdang 1. T7 1¢ phan b pixel

Tap Phan bd pixel background Phan bé pixel tumor
Train 89.72% 10.28%
Valid 88.80% 11.20%
Test 91.70% 8.30%

Budc cudi cung trong giai doan tién xir li 13 chung t6i tién hanh ting cudng dir lidu
trén tap train theo hai ki thuat dé xuét (brightness, contrast) v6i bién do khong qua manh
tranh nguy co bién dang tumor. Quan sat tir ban d6 nhiét va sai khac (heatmap va difference
map) & Hinh 7 cho thiy céu tric giai phau trung tAm van dugc bao toan, chimg té cac phép
bién d6i khong 1am bién dang hinh thai hoc cua tuyén tuy va khéi u. Nhu vy, sau khi thuc
hién cac budc tién xu 1i thi ching toi di co tap dit liéu phu hop cho dau vao ctia mé hinh U-

Net cai tién dé xuat.

Reference CT

A Brightness vs Original A Contrast vs Original
= = =  —

0.040 PR e
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- D.030
0.025
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Hinh 7. Vi du mét 14t cdt sau khi tang cwong
3.3. Do do
Xét vé d6 do, nghién ctru sir dung ham mit mét Dice (Dice loss) dé danh gia két qua
nghién ctru. Trude khi gidi thiéu Dice loss, nghién ctru s& trinh bay hé sé twong dong Dice
(Dice Similarity Coefficient-DSC). DSC la phuong phéap do luong d6 tuwong dong giira hai
tap hop; cong thirc tinh DSC duoc tinh bing cach chia giao cta hai tap hop cho téng sé phan

tur cua hai tap hop do:
s = 2/A N Bl W
|4l + |B|

Trong do, A: Dy doan ctia m6 hinh cho ting pixel, B: Nhan thyc cho tung pixel, |A| +
|B|: S6 lugng diém anh trong hai tap hop X va Y, |4 N B|: S6 luong diém anh chung cua
c4 hai tap hop X va Y. Do d6, két qua cua hé sé Dice ludn nam giita 0 va 1, trong d6 0 chi
ra rang khong c6 phan tir chung nao giita hai dbi tugng va 1 chi ra rang hai dbi tuong tuong
d6i gidng hét nhau.

Dice loss 1a m6t ham méat mat thuong dugce su dung trong phan doan anh, muc tiéu la
phan doan timg diém anh trong anh diu vao thanh cac 16p khac nhau, do d6 ham mét mat
Dice 13 mot ham danh gia hiéu suat ciia mé hinh rat tt dugc tinh bing cong thic sau:

2|A nB|

B @)

Diceloss =1
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Theo cong thire 2, hé sé Dice cang 16n thi Dice loss cang nho, mé hinh hoat dong cang
tdt va nguoc lai.
Cong thuc 3 bén dudi dé tinh toan mot hé s ma nghién ctru nay dac biét quan tam,
do 1a Sensitivity (d0 nhay):
TP

TP+ FN ®
Trong d6, TP = True Positives, FN = False Negative. Chi s6 nay do luong kha nang

Sensitivity =

khong bo sét bénh nén tdt nhit 13 ting TP (diém anh 1 u, mé hinh ciing doan dtng 13 u) va
giam FN (am tinh gia) tirc 1a diém anh 1 u, nhung may lai bo sot (xem 1a nén). PO nhay
cang cao thi mé hinh tim ra cang nhiéu khdi u, giam thiéu bo sot. Trong ung thu, d6 nhay
cuc ki quan trong vi bo sot khdi u (FN) nguy hiém hon 14 thong bao nham.
3.4. Thuwc nghiém va phén tich két qua

Trong nghién ctru nay, vi da cat ROI ving tuyén tuy va khdi u truée d6 nén cac lat cit
2D déu vao cho mé hinh chung t6i chinh vé 128x128 dé phu hop véi dau vao mang U-Net
nhung van khong lo ngai mét thong s khdi u. Sau 16p tich chap dau tién, sé lwong bo loc
tang 1én 32. Sau 16p tich chap tiép theo va phép gop téi da, s6 luong bd loc ting gip doi cho
dén khi dat 512 b loc. Trong phan giai ma, nghién ctru str dung cac 16p tich chdp ting dé
tai tao kich thudc anh géc. So luong bo loc trong moi khéi duge gidam mot nira va két qua
dau ra cudi cung la mét anh c6 kich ¢ (128, 128, 2) (anh du doan ciia mo hinh theo mat na
dd duogc chuyén gia v&), trong d6 hai kénh twong tmg v6i hai nhin phan doan (nén va khoi
u). Lép dau ra st dung tich chap 1x1 két hop ham Softmax dé du doan xéac suat theo timg
16p tai mdi diém anh. M6 hinh MS-ECA-UNet dé xuit c6 khoang 19 triéu tham sd huan
luyén. Két qua huin luyén mé hinh dat muc hiéu ning t6t va cin bang, cu thé Dice trung
binh dat x4p xi 0.7 1a kha t6t cho khdi u (kho va nho), Sensitivity dat x4p xi 0.76 cho thay
wu tién khong bo sot ton thuong. Thi nghiém duogc thuc hién trén méi trudng Google Colab
vo1 GPU T4 (15 GB), st dung ngon ngt Python 3.10.12 va thu vién TensorFlow 2.15.0.

asdabe: T Die
Ay

Dice-Sensitivity Trade-off Curve (Pancreatic Tumor
Improve: lization

/

0727 074 076 e  0f0 082

o /
n66 0GB a7o
vy (hecal)

Hinh 8. P6 th; so sanh chi'sé Dice va ham mat  Hinh 9. Puong cong danh déi Dice-Sensitivity
mat giira tap hudn luyén va tdp kiém dinh cho phan doan khoi u tuyén tuy
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Hinh 8, biéu d6 Dice c6 xu hudng ting déu, khong c6 dau hiéu hoc qua khép
(overfitting) mat kiém so4t. Trong d6 Validation Dice ting 6n dinh, khong c6 dao dong manh
hodc sut giam, tot voi phan doan anh y khoa. Trong khi biéu do Loss cho thiy Validation
loss giam déu va muot, sau epoch 20 thi Train loss giam sau va Valid loss giam chdm cho
thdy mo hinh hoc tip trung vao chi tiét nho cta ranh gi6i khéi u nhung khong lan sang mé
tuy xung quanh ding v&i muc tiéu cta ching toi. Hinh 9 cho thiy diém can bang dugc danh
d4u 13 Dice=0.7814, Sensitivity=0.814, Threshold=0.10, Recall ting, Dice khong suy giam,
Precision chi bi danh dbi nhe cho thay mé hinh wu tién giit ving ton thuong (lesion core),
pht hop trong hd tro chan doan som.

Dice vs Lesion Size Grouping (Small / Medium / Large) Per-case Dice Distribution
1.0 4
T —[_ 60
0.8 4 'y 50 4
& a0
0.6 =
g - 8 %
£
& £
S 04 8 2
¢ 20
0.2 4 0
o
0.01 i i R—— 0.2 04 06 0B 1
Small Medium Large Dice score
Hinh 10. Phan bé chi sé Dice theo ba nhom Hinh 11. Biéu do phan phoi hiéu nang
kich thuéc khéi u: nha, trung binh va Ién theo timg ca bénh

Hinh 10, ba nhom duoc chia theo phan tram kich thudc 1a Small tumors (0%-33%),
Medium tumors (33%-66%), Large tumors (66%-100%). Mic du cac khdi u Small c6 ranh
gidi khdi u kho phan biét, mo hinh cua ching t6i van hoat dong kha tbt trén cac trudng hop
kh6 khan nay véi Dice trung vi dat x4p xi 0.6, chimg minh mé hinh khong overfit theo kich
thudce. Khi dién tich khdi u ting 1én Medium va Large, chi s6 Dice ciing duogc cai thién tuong
g v6i chi s6 Dice trung vi dat xap xi 0.8 va 0.9, viing bao phu (ground truth) c6 mé rong
hon hay hep hon so véi mdt na do chuyén gia v& (GT) khong qua dang ngai vi chiing t61
quan tdm khong bo sot khdi u.

Quan sat Hinh 11 d& thay phan 16n ca tap trung & Dice khoang 0.75-0.95. C6 mot cum
nho c6 Dice trong khoang 0.0-0.1 chung t6 ddy 1a nhimg ca dic biét kho hodc bét thuong
(outlier) do Tumor cyc nhé chi vai pixel hodc bién m¢ va dinh mé tuy nhung tong thé thi
mo hinh vin khéng bo sét ning, cho thady mo hinh van bao toan dugc ving khdi u, quan
trong vé& mat 1am sang béi vi viée bo sot ton thuong nghiém trong hon so véi viée bao phu
thiéu hodc du (Hinh 13).
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Image Pred Dice = 0.98

Pred

- '
. =,

Pred

Hinh 12. Minh hoa két qua phdn doan khéi u tuyén tuy (dwa trén chi sé Dice), gom anh gac, nhan
chuyén gia (GT) va két qua du dodn ciia mé hinh (mau dé do mé hinh phdn doan)
3.5. Sosanh
So sanh két qua thi nghiém dénh gia vai tro ctia ROI preprocessing, MS va ECA &

Bang 2 thiy dugc quy trinh d& xuat gitp cai thién rd hiéu qua phan doan so véi hai quy trinh
con lai.
Bdng 2. Phan tich vai tro cia cac thanh phan trong phirong phdp dé xudt
Phwong phap ROI preprocessing Multi-scale ECA  Dice  Sensitivity
Khéng chuan hoa HU,

U-Net Khon Khon 0.50 0.48
khéng crop ROI g g

U-Net + MS Theo phuong phap dé xuit Co Khéng 0.64 0.68

U-Net + MS + s

ECA Theo phuong phap dé xuat Co Co 0.70 0.76
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Chuing t6i tiép tuc so sanh két qua thi nghiém véi cac nghién ctru phan doan khéi u tuy
gan day trén slice 2D cit tir tap dir liéu MSD-PT (c6 cong bd ddy du hai hé sé quan trong 1a
Dice va Sensitivity) & Bang 3 thi nhan thiy Dice va Sensitivity tumor ctia phwong phap dé
xuat kha quan hon, cho thay giam dang ké ti 1& bo sot khéi u.

Bdng 3. So sanh cac mé hinh phdn doan tumor trén MSD-PT
c6 quan tam 2 hé sé Dice va Sensitivity

Phuqng Kién tric Dice Sensitivity Ghi chi
phap (tumor) (tumor)

TAU-Net M6 hinh lai két hop gitra mang Quan tam khdi u
(Mahmoudi  Attention U-Net va mang 0.61 0.72 c6 ranh gigi mo
etal., 2021)  Texture Attention U-Net do mach méau
NAD N .

Dua trén kién trdc nnUNet keét A o
(NLeitwc;k o hop véi co ché chi y (Attention 0.63 0.68 %gﬁlggﬂ nfrginh
2023) " mechanisms) ¥

. Tién xtr li tap trung khdi u (2 Quan tim dén

g{:‘;‘l’l‘;tg PRAP 1 han) + kién tric MS-ECA-UNet 0.7 0.76  viéc khong bo sot

uu tién phat hién khoi u khoi u

4. Két luan va huéng phit trién
4.1. Kétlugn

Nghién ctru da dat duoc két qua kha quan trong bai toan phan doan khdi u tuyén tuy
trén tap dir liéu thir nghiém nho ap dung mé hinh MS-ECA-UNet két hop véi dinh huéng
huén luyén dugc dé xuét. Cu thé, qué trinh tién xtr li duoc thiét ké theo hudng tap trung vao
vung khdi u tuyén tuy, gitip mé hinh hoc tét hon cac dic trung lién quan dén ton thuong.
Péng thoi, mé hinh duge tdi wu theo tiéu chi wu tién d6 nhay (Sensitivity) nhim giam thiéu
kha ning bo s6t khdi u, mot yéu cau quan trong trong thyc hanh 1am sang.
4.2. Huéng phit trién

Hudng nghién ctru tiép theo 1a kiém ching kha ning téng quat hoa ciia phuong phap
bang cach ap dung moé hinh MS-ECA-UNet 1én cac bo dit lidu y khoa khac va cac bai toan
phan doan twong ty. Chung toi ciing tiép tuc cai tién mé hinh hodc mé rong thir nghiém céac
kién trac manh va hién dai hon nhu cdc mo hinh lai dé tdi wu hiéu nang va tbe do suy luan.
Ngoai ra, chiing t6i s& tiép tuc hoan thién hé théng web phéan tang hd tro phan doan khdi u
tuyén tuy dua trén hoc sau.

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

% Loi cam on: Nghién clu nay duoc tai tror béi Ngudn ngan séach khoa hoc va céng nghé
Truong Bai hoc St pham Thanh phd H6 Chi Minh trong dé tai ma sé CS.2024.19.37.

1073



Tap chi Khoa hoc Trwdng BPHSP TPHCM Trinh Huy Hoang va Lé Hong Thiy Vii

TAI LIEU THAM KHAO

Azad, R., Aghdam, E. K., Rauland, A., Jia, Y., Avval, A. H., Bozorgpour, A., & Merhof, D. (2024).
Medical image segmentation review: The success of u-net. IEEE Transactions on Pattern
Analysis and Machine Intelligence. https://doi.org/10.1109/TPAMI.2024.3435571

Bi, Y., Li, D., Pang, R., Du, C., Li, D., Zhao, X., & Lv, H. (2025). Diagnosis methods for pancreatic
cancer with the technique of deep learning: A review and a meta-analysis. Frontiers in
Oncology, 15, 1597969. https://doi.org/10.3389/fonc.2025.1597969

Bogovic, J. A., Prince, J. L., & Bazin, P.-L. (2013). A multiple object geometric deformable model
for image segmentation. Computer Vision and Image Understanding, 117(2), 145-157.
https://doi.org/10.1016/j.cviu.2012.10.006

Du, Y., Zuo, X,, Liu, S., Cheng, D., Li, J., Sun, M., Zhao, X., Ding, H., & Hu, Y. (2023).
Segmentation of pancreatic tumors based on multi-scale convolution and channel attention
mechanism in the encoder-decoder scheme. Medical Physics, 50(1), 123-136.
https://doi.org/10.1002/mp.16561

Huo, Y., Tang, Y., Chen, Y., Gao, D., Han, S., Bao, S., & Landman, B. A. (2019). Stochastic tissue
window normalization of deep learning on computed tomography. Journal of Medical
Imaging, 6(4), 044005-044005. https://doi.org/10.1117/1.JM1.6.4.044005

Jiang, H., Sun, Y, Liu, Y., & Wang, Y. (2020). DLU-Net: A dense learning U-Net for pancreas and
pancreatic tumor segmentation on CT images. IEEE Access, 8, 221-232.
https://doi.org/10.1109/BIBM49941.2020.9313263

Kaur, H., Kaur Saini, S., Thakur, N., & Juneja, M. (2024). Survey of denoising, segmentation and
classification of pancreatic cancer imaging. Current Medical Imaging, 20, €150523216892.
https://doi.org/10.2174/1573405620666230515090523

Li, Q., Liu, X., He, Y., Li, D., & Xue, J. (2023). Temperature guided network for 3D joint
segmentation of the pancreas and tumors. Neural Networks, 157, 387-403.
https://doi.org/10.1016/j.neunet.2022.10.026

Lu, L., Wu, M., Sen, G., Ren, F., & Hu, T. (2025). MDMU-Net: 3D multi-dimensional decoupled
multi-scale U-Net for pancreatic cancer segmentation. PeerJ Computer Science, 11, e3059.
https://doi.org/10.7717/peerj-cs.3059

Mahmoudi, T., Kouzahkanan, Z. M., Radmard, A. R., Kafieh, R., Salehnia, A., Davarpanah, A. H.,
Arabalibeik, H., & Ahmadian, A. (2021). Segmentation of Pancreatic Ductal Adenocarcinoma
(PDAC) and surrounding vessels in CT images using deep convolutional neural networks and
texture descriptors. bioRxiv. https://doi.org/10.1101/2021.06.09.447508

Pham, V., Nguyen, H., Pham, B., Nguyen, T., & Nguyen, H. (2023). Robust engineering-based
unified biomedical imaging framework for liver tumor segmentation. Current Medical
Imaging Reviews, 19(1), 37-45. https://doi.org/10.2174/1573405617666210804151024

Simpson, A. L., Antonelli, M., Bakas, S., Bilello, M., Farahani, K., van Ginneken, B., & Cardoso,
M. J. (2019). A large annotated medical image dataset for the development and evaluation of
segmentation algorithms. arXiv Preprint. https://doi.org/10.48550/arXiv.1902.09063

1074


https://doi.org/10.1109/TPAMI.2024.3435571
https://doi.org/10.3389/fonc.2025.1597969
https://doi.org/10.1016/j.cviu.2012.10.006
https://doi.org/10.1002/mp.16561
https://doi.org/10.1117/1.JMI.6.4.044005
https://doi.org/10.2174/1573405620666230515090523
https://www.google.com/search?q=https://doi.org/10.1016/j.neunet.2022.10.026
https://doi.org/10.7717/peerj-cs.3059
https://doi.org/10.1101/2021.06.09.447508
https://doi.org/10.2174/1573405617666210804151024
https://doi.org/10.48550/arXiv.1902.09063

Tap chi Khoa hoc Trwdng BPHSP TPHCM Tdp 23, S6 5 (2026): 1064-1075

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., & Bray, F. (2021).
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA: A cancer journal for clinicians, 71(3), 209-249.
https://doi.org/10.3322/CAAC.21660

Tran, N. N., Nguyen, H. D., Huynh, N. T., Tran, N. P., & Nguyen, L. V. (2022). Segmentation on
chest CT imaging in COVID-19 based on the improved attention U-Net model. In H. Fujita &
M. Ali (Eds.), New trends in intelligent software methodologies, tools and techniques (pp.
596-606). 10S Press. https://doi.org/10.3233/FAIA220288

Yang, M., Zhang, Y., Chen, H., Wang, W., Ni, H., Chen, X., Li, Z., & Mao, C. (2022). AX-Unet: A
deep learning framework for image segmentation to assist pancreatic tumor diagnosis.
Frontiers in Oncology, 12, 894970. https://doi.org/10.3389/fonc.2022.894970

Zhang, Z., Keles, E., Durak, G., Taktak, Y., Susladkar, O., Gorade, V., Jha, D., Ormeci, A. C.,
Medetalibeyoglu, A., Yao, L., & Wang, B. (2024). Large-scale multi-center CT and MRI
segmentation of pancreas with deep learning. Medical Image Analysis, 99, 103382.
https://doi.org/10.1016/j.media.2024.103382

Zhang, Z., Yao, L., Keles, E., Velichko, Y., & Bagci, U. (2023). Deep learning algorithms for
pancreas segmentation from radiology scans: A review. Advances in Clinical Radiology, 5(1),
31-52. https://doi.org/10.1016/j.yacr.2023.05.001

A MULTI-SCALE ATTENTION U-NET
MODEL FOR PANCREATIC TUMOR SEGMENTATION
Trinh Huy Hoang"", Le Hong Thuy Vu?
'Ho Chi Minh City University of Education, Vietnam
2Ho Chi Minh City University of Foreign Languages and Information Technology, Vietnam

*Corresponding author: Trinh Huy Hoang — Email: hoangth@hcmue.edu.vn
Received: January 08, 2026; Revised: March 20, 2026; Accepted: May 25, 2026

ABSTRACT

Accurately segmenting pancreatic tumors from medical images is a major challenge in the
field of computer vision due to the complex variations in tumor shape and size, and the low contrast
between diseased tissue and adjacent organs. This study proposes an improved U-Net model to
address the limitations of information loss and poor localization of traditional convolutional
networks, enabling good detection of even small tumors. An attention mechanism is applied at the
bypass connections to automatically weight key regions, allowing the model to focus on the tumor
area and mitigate background noise. The proposed model, trained and evaluated on the Medical
Segmentation Decathlon-Pancreas Task (MSD-PT) dataset, showed superior performance with a
Dice coefficient (DSC) of 0.7 and a sensitivity of 0.76, confirming its effectiveness in supporting early
detection and minimizing missed tumors.

Keywords: computed tomography; pancreatic tumor; tumor segmentation; U-Net model
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