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TOM TAT

Ham mat mat cross-entropy dang duwgc st dung rong rai nhu mot tiéu chuén cho
bai toan phan 16p. Ham mat mat nay c¢é xu hudng wu tién cac 16p chiém wu thé vé
s6 luong, dan dén sy thién léch trong quaé trinh hoc khi tap dit liéu bi mat can bang.
Bai bao nay trinh bay mot khao sat va danh gia toan dién anh hwong ctia ba ham
mat mat tiéu bi€u bao gom Cross-Entropy (CE), Weighted Cross-Entropy (WCE), va
Focal Loss (FL) dén hiéu qua phan 16p tap dit liéu mat can bang. 6 m6 hinh tiéu biéu
da duoc huan luyén trudc duoc chon d€ thue nghiém. Tap di liéu thiee nghiém gom
3.064 anh cong huong tir bénh u ndo, dwgc phan thanh 3 16p bénh ly. Tap dit liéu
duoc chia ngau nhién theo ty 18 80:10:10 theo bénh nhan, twong tng véi tap hudn
luyén, tap xac thuc va tap kiém thi. Két qua thuce nghiém cho thay hiéu qua phan
16p bénh u ndo khi ap dung ham mat mat FL dat két qua tSt nhét trén 5 trong sd 6
md hinh khao sat. Ham WCE dat hiéu qua kém hon nhiéu so véi khi sit dung ham

mat mat FL.

Tt khoa: Deep learning, U ndo, Ham mat mat, Cross-Entropy, Focal Loss.

1. GIOI THIEU

Trong linh vuc hoc sau va thi gidc may tinh, ham méat mat 1a thanh phan c6t 16i
quyét dinh hudng i wu ctia qud trinh hoc va anh huong truc tiép dén hiéu nang cua
md hinh. Céc kién trtc hoc sau khac nhau, bao gom mang no-ron tich chap (CNN) va
Vision Transformer, thuwong ap dung cac ham mat mat chuyén biét dwoc xay dung twong
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thich v6i co ché€ xt ly thong tin va muc tiéu t6i wu ctia ttng mo hinh. Viéc lwa chon ham
mat mat pht hop déng vai trd quan trong trong viéc cai thién kha nang hoc déc trung,
tang d6 chinh xac du doan va nang cao chét lwong ctia di liéu hodc hinh anh dwgc tao
sinh [1].

Trong cac mo hinh hoc sau, viéc lya chon ham mat mat déng vai tro quyét dinh
ddi v6i qua trinh t6i wu hoa va chat luong du doan cia mo hinh. Ham mat mat khong
chi dinh luong muirc d¢ sai khac gitta dau ra dy doan va gia tri muc tiéu ma con dinh
hudng qua trinh cap nhat tham s6 mo hinh. Cadc ham mat mat khac nhau dugc xay dung
d¢€ giai quyét nhitng thach thitc riéng biét, chang han nhw ting d6 nhay d6i véi cac mau
khé phan loai, xt 1y dit liéu mat can bang hodc giam anh hudng ctia cac gié tri ngoai 1é.
Do d6, viéc lya chon va thiét k& ham mat mat phu hop la diéu kién tién quyét dé phat
trién cac mo hinh ¢6 kha nang hoc hiéu qua, khai quat hoa t6t va duy tri hiéu ning én
dinh trén d@ liéu thuce t€. Xu hudng nghién ctru hién nay con tap trung vao viéc két hop
nhiéu ham mat mat trong mot khudn khd huan luyén théng nhat nham khai thac dong
thoi cac wu diém cta ting ham, qua d6 cai thién d6 chinh xac va tinh manh mé ctia mé
hinh [1].

Trong cac nhiém vu phan loai hinh anh y t& véi phan bd dit liéu mat can bang,
viéc giam thiéu ham mat mat cross-entropy c6 thé tao ra su thién léch trong qua trinh
hoc. Diéu nay xuat phat ttr hai nguyén nhan chinh: (i) ham mat mat gan mutc dong gop
twong duong cho moi 16p ma khong xét dén sy khéc biét vé tan suat xuét hién; va (ii)
qua trinh t6i wu hda bi chi phéi boi 16p da s6, khién mo hinh ¢ xu hudng phan loai phan
16n cdc mau dau vao vao 16p binh thuong chiém wu thé [2].

Trong nhitng nam gan day, hinh anh y té s6 da trd nén ngay cang pho bién va
doéng vai tro thiét yéu trong viéc phat hién, chan doan nhiéu loai bénh ly. Ngoai ting
dung lam sang, hinh anh y t€ con duoc st dung rong rai trong dao tao va nghién ctu.
Céc hé thdng chan doan hd trg bang may tinh (Computer-Aided Diagnosis - CAD) phat
trién dua trén cong nghé tri tué nhan tao (Al), dac biét la hoc sau (deep learning), da gop
phan nang cao d6 chinh xac va rat ngan thoi gian chan doan cho cac béc si chan doan
hinh anh [3].

U ndo la mot trong nhitng dang ung thu nguy hiém nhat vdi ty 1é t& vong cao.
Bénh xudt hién ¢ ca nguoi 16n va tré em, dong thoi bao gdm nhiéu loai khac nhau dya
trén vi tri, cau trac va dac diém hinh thai cta khdi u. Viéc phan loai chinh xac u ndo 1a
yéu cau thiét yéu trong thue hanh 1am sang, vi nhitng sai sot trong chan doan cé thé dan
dén cac quyét dinh diéu tri khong phu hop va gay ra nhiing hdu qua nghiém trong d6i
v6i bénh nhan [4]. Trong sd cac khdi u ndo, nhiing dang pho bién nhét bao gom u di can
nodi so tir cac bénh ung thu hé thong, u mang ndo va u t€ bao than kinh dém, ddc biét la
u nguyén bao than kinh dém. Cac ton thuong di can trong hé than kinh trung wong co
thé phat trién tai nhiéu vi tri khac nhau doc theo truc than kinh, dan dén sy da dang vé
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biéu hién lam sang va muc do tién trién ctia bénh. Vi vay, viéc diéu tri cac truong hop
nay thuong yéu cau cach tiép can da chuyén khoa véi si tham gia ctia cac linh vuc phau
thuat than kinh, xa tri va diéu tri noi khoa ung thu nham nang cao hiéu qua diéu trj va
cai thién tién lwong cho bénh nhan [5].

Hinh 1. Hinh anh khdi u nao [6]

Trong linh vuc chan doan va diéu tri u ndo, hinh anh hoc y t&€ déng vai tro then
chét. Nhitng tién bo trong cong nghé hinh anh lién tuc dwoc nghién ctru va cai tién nham
nang cao hiéu qua hd tro bac si trong viéc chan doan va chdm séc bénh nhan. Céc ky
thuat hinh anh y hoc nhw chup cat 16p vi tinh (CT), chup cat 16p phat xa positron (PET),
va cdng hudng tir (MRI) thuong duoc st dung dé€ phat hién va phén loai u ndo. Khac
v6i hinh anh thong thuong, hinh anh y t€ phan anh sy phan bé cta cac ddc tinh vat ly
trong co thé con nguoi, gitp lam rd cac ddc diém ma cac phuwong phap khong xam lan
khac khong thé phat hién [7], [8].

Qua trinh chan doan khdi u nao khong phai ltc nao ciing rd rang va cé thé gap
nhiéu kho khan do sy chong lap vé dac diém hinh anh va mo bénh hoc gitra cac khdi u
va cac bénh ly than kinh khong phai u. Khéi u ndo dugc phan loai thanh lanh tinh hoac
ac tinh dua trén cac yéu td nhu vi tri giai phéu, giai doan tién trién, ddc di€m mo hoc va
toc do phat trién ctia khoi u. Khoi u lanh tinh thuong co t6c do tang tredng cham, ranh
gidi 10 rang va hiém khi xam 1an mo lan can; cac vi du dién hinh bao gdm u tuyén yén
va u mang nao. Nguoc lai, khoi u 4c tinh ¢b xu hudng phat trién nhanh, xam 1an mo néo
hodc tay song lan can, va thwong khong c6 ranh gidi rd rang, dién hinh 1a u than kinh
dém [9].

2. CAC NGHIEN CUU LIEN QUAN

Hoc sau, dac biét la Mang no-ron tich chap (CNN) [10], [11] la mdt phwong phap
rdt pho bién dé phan 16p va phan doan khéi u nédo trong hinh anh y t&€ nhu MRI. Diéu
nay c6 thé giup bac si chan doan bénh nhan chinh x4c va nhanh hon. Sy phat trién nhanh
chéng ctia cong nghé hoc sau (Deep Learning - DL) da tao ra nhitng anh huong sau rong
ddi voi linh vuc phan tich hinh anh y khoa. Nhiéu nghién cttu da tap trung vao viéc dé
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xuét cac phuong phép tién tién dwa trén DL nhdm nang cao d6 chinh xac trong chan
doan, cing nhu hd tro hiéu qua cho cong tac sang loc.

Saleh va cong su da tién hanh hudn luyén va danh gia bo dix liéu u nao bang 5
[12] m6 hinh hoc sau duoc hudn luyén trudc gom Xception, ResNet50, InceptionV3,
VGG16 va MobileNet. Két qua thuce nghiém trén tap kiém tra doc 1ap cho thay cac mo
hinh dat chi s& F1 lan luot 1a 98,75%, 98,50%, 98,00%, 97,50% va 97,25%. Hiéu suat phan
loai cao ctia cdc m6 hinh nay cho thay tiém nang ho tro phét hién sém khéi u nao véi do
tin cdy cao, tir d6 gop phan nang cao hiéu qua chin doan va can thiép diéu tri trudc khi
bénh tién trién va gay ra cac bién ching nghiém trong vé thé chat.

Nassar va cong su [13] dé xudt mot mo hinh lai dya trén chién lwgce bo phiéu da
s6 dugc dé xudt nham thire hién phan loai ba loai u nao phd bién gom u mang nao, u t&
bao than kinh dém va u tuyén yén. Nghién ctu st dung nam kién trac CNN gbém
GoogleNet, AlexNet, ShuffleNet, SqueezeNet va NASNet-Mobile. Mbi md hinh dwoc
tinh chinh trén d liéu u ndo d€ khai thac cac dic trung biéu dién khéc nhau cua hinh
anh cong huong tir. Quyét dinh phan loai cudi cung dwgc dwa ra thong qua viéc tong
hop két qua duy doan ctia ndm md hinh, véi muc tiéu nang cao d¢ chinh xac, do tin cay
va tinh nhat quan ctia hé thong phéan loai. Phwong phap dé xuat dat dd chinh xac 99,31%,
g6p phan hd trg cac bac si chan doan hinh anh trong viéc dua ra nhan dinh 1am sang
chinh xac hon.

Co ché chu y [14] 1a mét tién bd nén tang trong linh vyec tri tué nhan tao va hoc
may, gép phan dinh hinh lai hiéu qua va kha nang biéu dién cta cac md hinh hoc sau.
Puoc 1ay cam hiing tir co ché tap trung cd chon loc ctia hé than kinh con nguoi, co ché
nay da tré thanh mét thanh phan c6t 16i trong nhiéu ting dung hién dai, dac biét la trong
xt ly ngon ngtt tw nhién, thi gidc may tinh va cac linh v lién quan khac. Co ché cha y
nham xac dinh va lwong héa mic dd quan trong twong d6i cta cac thanh phan khac
nhau trong chudi dau vao d6i véi ngit canh tong thé [14].

Trong nhitng nam gan day, viéc dich chuyén cac kién tric dua trén co ché ty cht
y (Self-Attention) sang linh vuc thi gidc may tinh da thiét 1ap nhiing cdt mdc dot pha
moi. Vision Transformer (ViT) [15] da danh dau mét bude chuyén dich mang tinh budc
ngoat trong linh vuec thi gidc may tinh, thach thirc vi thé thong tri lau nam ctia mang no-
ron tich chap. Thay vi sit dung cac bo loc trich xuat cuc by, ViT ti€p can dit liéu hinh anh
bﬁng cach phan tach mot birc anh hai chiéu thanh méot chudi céc phan manh doc lap
khong chong 1ap (goi 1a cac ban va - patches), twong ty nhu cau tric cdc ma bao (tokens)
trong xt ly ngoén ngit tw nhién. Cac ban v4 nay sau d6 duoc lam phang, nhung tuyén
tinh cung voi ma vi tri (position embeddings) va dua vao cac khoi Transformer Encoder
tiéu chuan dé tinh toan co ché tu cha y toan cuc. Mdc du dat dwgc nhiéu két qua, ViT bi
gidi han bo do phtec tap bac 2, O(N?), gdp kho khdn trong viéc xtr Iy anh co kich thwéc
16n.
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Hinh 2. Kién trtc ViT [15]

Mot s6 md hinh méi duge dé xuit, nham giai quyét han ché caa ViT. Trong sd
d6, Swin Transformer [16] va MaxViT [17] la hai dai dién tién phong, giai quyét xuat sac
bai toan t6i wu hoa chi phi tinh toan va nang cao kha nang khai thac dic trung khong
gian trén cac dit liéu anh y t€ phuec tap.

Swin Transformer da khac phuc giéi han vé chi phi tinh toan bac hai cia md hinh
ViT chuan bang cach gidi thiéu co ché& chti ¥ cuc bo trong cac ctra s8 khong gian ¢8 dinh,
két hop cung k¥ thuat dich chuyén ctra sO (Shifted Windows) ¢ cac tang lién ti€p dé€ duy
tri sie giao thoa thong tin toan cuc. Mdt khac, MaxViT (Multi-Axis Vision Transformer)
lai dai dién cho xu hudng kién trac Hybrid toan dién khi tich hop cac khéi chu y da truc
(Multi-Axis Self-Attention - Max-SA) song song véi cac tang tich chap MBConv cta
CNN. Bang cach phan tach qua trinh tinh toan thanh Block Attention (cht y cuc bd viing
lan can) va Grid Attention (cht y toan cuc thua thét dang lwdi), MaxViT so hiru nang
luc vuot trdi trong viéc vira trich xudt cac ddc trung hinh hoc min ¢ vung bién ton
thwong, vira thdu hidu béi canh giai phau tong thé ctia cdc cau tric nao bd.

Tummala va cong sw (2022) [18] st dung mo hinh ViT duoc huan luyén trude
trén ImageNet (B/16, B/32, L/16 va L/32) va tinh chinh cho nhiém vu phan loai 3064 14t
cat MRI tang cuong d6 twong phan véi u mang nao, u t& bao than kinh dém va u tuyén
yén. do chinh x4c kiém tra tong thé'1a 98,2% ¢ d¢ phan giai 384x384 d6i vaéi L/32.

Ham mat mat Cross-Entropy tiéu chuan [19] t6i vu hda phan phdi xac sudt dua
trén ly thuyét thong tin nhung gdp han ché 1én khi dit mat can bang. D& khac phuc,
Weighted Cross-Entropy (WCE) [20] gidi thiéu co ché gan trong s& tinh theo 16p nham
nang cao hinh phat cho cac 16p thiéu s6. Gan day, ndm 2017 Lin va cac cong su [21] da
dé xudt Focal Loss, mot budc dot phd giap diéu bién dong hinh phat theo d¢ kho cua
tirng mau dit liéu, mo ra hudng di méi cho viéc tdi wu cac mo hinh hoc sau.

Ham mat mat cross-entropy (CE) la mét trong nhitng loai ham mat mat dwoc st
dung rong rai nhat dé huan luyén mang no-ron cho bai toan phan 16p anh.

CE=—-X{,y; * log(p) (1)
WCE=-X{_ w; = y; * log (p) (2)
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FL=-38; o = (1 —p)7*y; *log (p;) (©)
C: S6 16p tap dir liéu

p;: xac sudt mo hinh dy doan cho 16p thit i

w; trong ham WCE: La trong s6 tinh dwoc gan cho 16p thit i. Tham s6 w; duoc

Ntotal

tinh toén trudce khi huan luyén theo cong thiic nghich dao tan suat mau, w; = 2,
*Nj

Theo d6, 16p nao ¢6 s6 lwgng mau Ni nho, trong sd wi sé rat lon.

a; 1a hé s6 can bang 16p trong ham FL: Twong tw nhu trong ham WCE, day la
trong s tinh gan cho 16p i nham kiém soat sy mat can bang sd lwong mau gitra cac 16p.
Gia tri thwong nam trong khoang [0, 1] va tong cac o ctia cac 16p bang 1.

v 1a hé s8 tap trung trong ham FL: 1a siéu tham s8 diéu khién t&c d9 triét tiéu 16i
clia cdc mau dé, theo cac tac gia dé xuat t6i wu khi y =2.

3. PHUONG PHAP VA DU LIEU THUC NGHIEM

Chung t6i tién hanh huan luyén tinh chinh 6 mo hinh bao gom ResNet-50 [22],
DenseNet-201 [23], ConvNeXt-T [24], ViT/B-16, SWin-T, MaxViT-T. Cac m6 hinh dwoc
hudn luyén trude trén tap ImageNet_1K. Chi tiét phwong phap thuc nghiém va danh
gia duwoc mo ta & hinh 3.

Fine-tuning

‘|Weighted Cruss.
‘ Entropy '

Hinh 3. So d6 phuong phap dé xuat

Phan tich, danh gia

‘ Suy luan ket qua (Accuracy, Precision, Recall,

trén tap kiém tra

Tap huan luyén va ‘{Ma hinh dwec hudn

p < —»| tap xac thyc (80%, ! -
o ) va 10%) luyén tredre
\

—>| Tap kiém tra (10%)

Specificity, F1-Score)

A

Tép di¥ liéu anh u nio

B0 dit liéu Figshare [25] duoc st dung trong nghién cttu nay duoc xay dung tir
cac anh cong hudng tir (MRI) ndo thu thap trong qua trinh chan doan u nao tai Bénh
vién Nam Phuong va Bénh vién Pa khoa Dai hoc Y Thién Tan (Trung Qudc) trong giai
doan 2005-2010. B dit liéu bao gom 3.064 anh MRI ndo tang cuong twong phan T1 ctua
233 bénh nhan, kich thudc 512x512. Dix liéu duoc cdng bo Tan dau vao nam 2015 va da
duoc cap nhat dén phién ban 8 vao nam 2024; phién ban mdi nhét nay dwgc lua chon
cho nghién cttu hién tai. B dir liéu gom ba loai khéi u ndo khac nhau: u mang néo véi
708 anh, u t&€ bao than kinh dém véi 1.426 anh va u tuyén yén v6i 930 anh. Cac anh dwoc
ghi nhan ¢ ba mat phang chup khéc nhau, bao gdm mat phang doc (1.025 anh), mat
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phang ngang (994 dnh) va mat phang dtng (1.045 anh). Mot s§ hinh anh minh hoa dai
dién cho ting loai u va tirng mét phang chup dwoc trinh bay trong Hinh 4.

Tap dix liéu dwoc phan chia nggu nhién theo bénh nhan, stt dung random seed =
42 nham dam bao kha ning téi 1ap, thanh tap hudn luyén, tp xac thuc va tap kiém tra
doc lap, véi ty 1& 80:10:10 twong ting, ddm bao mau ctia cing bénh nhan chi ndm trong
tap duy nhat. Chi tiét phan bo tap di liéu duwoc thé hién 6 Bang 1, Bang 2.

Trong s0 16p w; va «; trong ham Weighted Cross Entropy, Focal Loss dugc tinh
theo cong thitc (4) va (5) nhu sau:

N

Wi = T (4)
_ _1/N;

“= s (5)

Trong do:

N Ia tdng s6 lwgng mau ctia toan b tap huan luyén

Claso lop

N;la sd mau lop i

(a) U mang ndo (b)U thin kinh dém (Glioma)  (c) U tuyén yén (Pituitary

(Meningioma) tumor)
Hinh 4. Hinh anh tap dit liéu u nao MRI
Bang 1. Phan bd tap di liéu U nao
Lép bénh 1y T(A)’ngéi(;'1 hinh Tef;lp;;lélfn Ti\}}: 1;(Ca'lc Tépt:;ié’m
U than kinh dém 1426 1168 129 129
U mang nao 708 535 83 90
U tuyén yén 930 750 98 82
Téng s6 (N) 3064 2453 310 301
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Bang 2. Chi ti€t phan chia tap dit liéu theo bénh nhan

Lép bénh Iy Té“i ;‘;:é“h T?ﬂ;‘f“ Tap xAc thuc Tépt:ém
U than kinh dém 89 71 10 8
U mang nao 82 65 7 10
U tuyén yén 62 50 6 6
Téng s6 bénh nhan 233 186 23 24

4. KET QUA THUC NGHIEM VA THAO LUAN

Trong nghién cttu nay, cac d6 do duoc tinh toan tir ma trdn nham 1an. Véi 16p
thit i, cac gia tri trong ting: duwong tinh thuc sw (TPi), am tinh thuc sy (TNi), dwong tinh
gia (FPi), va am tinh gia (FNi). Cac d6 do duoc dinh nghia cu thé nhu sau:

C rp.
Accuracy (ACC) = % (6)
. . _ TP;
Precisioni = TPit PP, (7)
__ TP
Recalli = TP+ PN, (8)
Specificityi = — 'TiViFP, )

Precision; x Recall;

F1-Scorei (F1i) =2x (10)

Precision; + Recall;

Trong d6 C 1a s6 16p, i dé cap dén 16p thwr i. Khac voi phuong phap 18y trung
binh vi m6 coi moi 16p ¢ vai trd bang nhau bat ké s8 lwong mau, phuong phap trung
binh trong s6 (Weighted Average) tinh toan cac chi s cho ting 16p doc lap, sau d6 tinh
trung binh tdng thé bang cach géan trong s8 dua trén ciu tric tin suat mau cua tiing 16p
trong tap thir nghiém.

N;

Weight(i) = , V6i Ni 1a s6 lwong mau trong tap kiém tra 16p i, Nt 1a tdng s&

Neotal
lwong mau trong tap kiém thtr.
Weighted-Metric = Y.¥_, Weight(i) * Metric(i) , Metric(i) 1 cdc d6 do cualépi (11)

Céc do do Precision, Recall, Specificity, F1-Score ctia cdc mo6 hinh khao sat dugc tinh
bang cong thiic trung binh c6 trong s6 ctia d6 do cac 16p, theo cong thikc (11).

Bdng 3. Tham s6 huan luyén tinh chinh

S epoch huan luyén/md hinh 300
Batch size 32
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Learning rate 2e-05
Trinh t6i wvu AdamW, weight_decay=1e-04
Trinh thay déi t6c d6 hoc ExponentialLR, decay = 0.995
Environment OS, GPU Ubuntu 22.04, RTX 3080, Pytorch
Kich thwdc anh dau vao 224x224
Hé s6 gamma y cua ham FL 2

bé tang kha nang khai quat hoa va han ché hién tuong qua khop, trong qua trinh
huén luyén chung tdi 4p dung chién luoc ting ceong dit liéu truc tuyén (Online Data
Augmentation) thong qua thw vién torchvision.Transforms ctia PyTorch. Cac phép bién
d6i nhu xoay ngau nhién trong pham vi +30°, 1at ngang (Horizontal Flip) va diéu chinh
mau sic (Color Jitter) duoc thiec hién dong trong qua trinh nap dit liéu cho titng batch
hudn luyén. Nho d6, o mdi epoch, mo hinh duoc ti€p can voi cac bién thé di liéu khac
nhau nhung van bao toan cac déc trung ngit nghia quan trong ctia anh. Phuong phap
nay giap gia tang tinh da dang cuia dit liéu hudn luyén, giam nguy co qua khop, dong
thoi tiét kiém tai nguyén luu trit va nang cao hiéu qua tinh toan thong qua co ché nap
d@ liéu da ludng.

Mic dut cdc phurong thite anh y t& thuong tuan theo cdc mat phang giai phau va
dinh huéng chuan, viéc ap dung bién do xoay gidi han (<30 do) moé phong mot cach
hop 1y s bién thién trong thuc t& 1am sang, chang han nhu su léch géc do thao tac ctia
ky thuat vién, vi tri dat dau do hodc tw thé€ ctia bénh nhan. Pong thoi, phép lat ngang
giup mo hinh dat duoc tinh bat bién ddi ting ddi véi cac ddc trung bénh ly doc lap véi
tinh d6i xting hai bén cta co thé. Theo két qua nghién ctru danh gia [26], cac phép bién
ddi nay tap trung duy tri tinh toan ven ctia cac cdu trtic vi mo va ddc trung ton thuong
cuc b9, yéu td c6t 16i cho nhiém vu phan 16p —ma khong lam thay d6i hay bién dang ban
chat giai phau quan trong ctia anh

Dé dam bao tinh twong thich hoan toan vé mat phan phdi dac trung, toan bo anh
thudc tap huan luyén va tap xac thuc, tap kiém tra déu dwgc dua vé kich thwdc chudn
224x224 pixel, sau d6 tién hanh chuan hoa kénh mau doc 1lap dua trén cac gia tri ky vong
(Mean) va d¢ léch chuén (Standard Deviation) theo tiéu chuan tap dix liéu ImageNet.
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Biang 4. Chi s0 hiéu qua phan 16p trung binh c6 trong s0 trén tap ki€ém tra doc lap
Recall/ F1-
Model ] Los.s Acc(l)lracy Precoision Sensitivity Specoificity Score
unction (%) (%) %) (%) %)
CE 89,04 89,99 89,04 92,56 89,02
ResNet-50 WCE 88,70 89,68 88,70 92,32 88,72
FL 89,37 90,57 89,37 92,58 89,35
CE 88,37 89,61 88,37 91,96 88,38
DenseNet-
201 WCE 87,04 88,72 87,04 90,93 87,10
FL 87,38 88,92 87,38 91,23 87,33
CE 90,03 91,52 90,03 92,76 90,03
ConvNeXt-
T WCE 90,70 91,81 90,70 93,38 90,65
FL 92,36 93,08 92,36 94,77 92,31
CE 88,04 89,81 88,04 91,49 87,98
ViT/B-16 WCE 88,04 89,60 88,04 91,62 88,00
FL 90,37 91,35 90,37 93,38 90,32
CE 89,37 90,72 89,37 92,51 89,32
Swin-T WCE 89,04 90,15 89,04 92,47 88,97
FL 91,36 92,65 91,36 93,65 91,37
CE 90,37 91,42 90,37 93,22 90,36
MaxViT-T WCE 89,37 90,73 89,37 92,51 89,33
FL 90,37 91,84 90,37 92,99 90,31

Két qua ¢ Bang 4, cho thay d6i vdi bai toan phan loai hinh anh y t€, cac vung déc
trung nén thuong chiém phan 16n va dé bi nhan dién sai 1éch. Ham FL tip trung tai
nguyén tinh toan va diéu chinh gradient vao cdc mau khé hodc cac viing ton thuong
tiém can ranh gidi, tir d6 gitip mo hinh hoc dwgc cac bidu dién dic trung sic nét va tong
quat hon so v6i CE tiéu chuan. MaxViT duy tri F1-Score 6n dinh ¢ mtic 89,33% - 90,36%
trén ca 3 ham mat mat. Tinh 6n dinh twong ddi nay do kién trac lai két hop gitta Grid
Attention va Block Attention, gitip m6 hinh tu can bang va trich xuat dic trung rat da
dang ngay tur ting mang co sd, khién d6 nhay cta né d6i véi su thay do6i cua ham mat
mat thap hon so vdi cac kién trac thuan tay khac. Ca Swin-T va ViT/B16 déu cho thay
muc bt phd F1-Score rat 16n khi chuyén tit ham CE sang FL (tang ttr 2,0% dén 2,34%).
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Ban chat cua co ché Self-Attention yéu cau di liéu va gradient dt manh dé€ hoc duoc
moi quan hé phi tuyén gitra cac patch anh. Khi két hop véi FL, qud trinh tinh toan hé s6
cht y dugc dinh huéng d€ tap trung vao cac viing ngit canh quan trong thay vi bi nhiéu
bdi cac khu vuc nén. M6 hinh ConvNeXt-T dat két qua cao nhat (F1-Score = 92,31% voi
ham FL) nho sy két hgp tinh t€ gitta wu diém cua CNN va Transformer. Chi s6 do luong
lieu hiéu qua phan 16p ctia cac mo hinh dwoc trinh bay ¢ bang 4, dwoc tinh toan theo
phuwong phép trung binh c6 trong s0 theo cong thitc 11, nén gia tri Accuracy, Recall la
nhu nhau. Chung t6i, b6 sung di liéu cac chi s6 6 bang 5 duoc theo phuong phéap trung
binh vi mod ctia cac do do hiéu qua phan 16p.

Bang 5. Chi s0 trung binh vi mo hiéu qua phan 16p trén tap kiém tra doc lap

. . Recall/ o F1-
Model ] Los.s Acc(l)lracy PI'ECOISIOI’I Sensitivity Spec:flaty Score
unction (%) (%) %) (%) %)
CE 89,04 91,24 87,68 93,87 88,97
ResNet-50 WCE 88,70 90,99 87,50 93,67 88,78
FL 89,37 91,99 87,87 93,98 89,30
CE 88,37 91,05 86,94 93,44 88,39

DenseNet-
201 WCE 87,04 90,48 85,58 92,66 87,24
FL 87,38 90,45 85,72 92,87 87,28
CE 90,03 93,09 88,39 94,26 89,99
COHVSeXt‘ WCE | 9070 | 9315 89,13 9469 | 90,53
FL 92,36 93,99 91,16 95,71 92,18
CE 88,04 91,43 86,13 93,18 87,85
ViT/B-16 WCE 88,04 91,11 86,31 93,22 87,91
FL 90,37 92,47 88,90 94,58 90,17
CE 89,37 92,11 87,65 93,96 89,17
Swin-T WCE 89,04 91,42 87,39 93,84 88,79
FL 91,36 94,11 89,86 95,00 91,36
CE 90,37 92,78 89,02 94,53 90,36
MaxViT-T WCE 89,37 92,13 87,68 93,96 89,20
FL 90,37 93,41 88,61 94,45 90,20
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Ham FL thé hién su 4p dao ro rét trén hau hét cac kién truc, nhu ConvNeXt-T,
ViT/B-16, Swin-T, ResNet-50. FL gitip nang cao do nhay va F1-Score vuot troi nho tap
trung x ly cac mau khé phan loai hojc tinh trang mat can bang 16p. Cross-Entropy
mang lai két qua 6n dinh va can bang ¢ mtc trung binh kha. Déi véi MaxViT-T, CE lai
cho F1-Score t&t nhat (90,36%), nhinh hon WCE va FL trén kién trac nay.

5. KET LUAN VA HUONG PHAT TRIEN

Ham mat mat la yéu t6 chinh dinh hudng cho qud trinh huan luyén cac mo hinh
hoc sau, né quyét dinh viéc mo hinh diéu chinh cac trong sd trong qua trinh huan luyén.

Qua két qua thuc nghiém danh gia 3 ham mat mat doi véi 6 mo hinh hoc sau,
duoc stt dung cho nhiém vu phén 16p trén tap dir liéu mét can bz‘ing voi 3 16p bénh ly,
hiéu qua phan 16p ctia ham FL vuot trdi o rét so véi ham CE tiéu chudn trén ca 5 mo
hinh, riéng mo6 hinh DenseNet-201, két qua khi ap dung ham CE dat hiéu qua cao ho FL
. Cung mot mo hinh, phuwong phap huén luyén, nhung khi 4p dung cac ham mat mat
phtt hop, hiéu qua ctia mo6 hinh c6 su cach biét ro rét.

WCE chi t6i wu hda dua trén tan suat xudt hién cua 16p chit khong can ctit vao do
kho ctia déc trung theo tlng mau. Do d6, WCE khéng giai quyét duoc triét d& van dé
nhiéu ngit canh trong anh y t& va dan dén hién twong phat qué (over-penalty), lam giam
dd chinh xac tong thé so véi ham mat mat CE va FL.

Trén co so khao sat, danh gia 3 ham mat mat tiéu biéu, véi phuong phap phan
chia tap dit liéu nghién ctru thanh 3 tap: tap hudn luyén, tap xac thuc va tap kiém tra luu
trir doc 1ap theo bénh nhan da cho thay hiéu suat cua FL ludn 6n dinh. Trong nghién ctru
tiép theo, can danh gia trén bo di liéu 1on hon dé c6 két qua khéch quan va dang tin cay
hon.
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ABSTRACT

The cross-entropy (CE) loss function has been widely adopted as the standard
objective for classification tasks. However, CE tends to favor majority classes,
resulting in biased learning when trained on imbalanced datasets. This paper
presents a comprehensive investigation of the impact of three representative loss
functions, namely Cross-Entropy (CE), Weighted Cross-Entropy (WCE), and Focal
Loss (FL), on the classification performance of imbalanced datasets. Six
representative pre-trained deep learning models were selected for experimental
evaluation. The experiments were conducted on a dataset comprising 3,064
magnetic resonance imaging (MRI) scans of brain tumors, categorized into three
diagnostic classes. The dataset was randomly split at an 80:10:10 ratio by patient,
corresponding to the training, validation, and test sets. Experimental results
demonstrate that brain tumor classification performance using the FL loss function
was superior across five of the six models evaluated. The WCE function performed

significantly worse than the FL loss function.

Keywords: Deep learning, Brain tumor, Loss Function, Cross-Entropy, Focal Loss.
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