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TOM TAT

Phén doan céc cdu trac tim trén anh 3D MRI dong vai trd quan trong trong chan doan
bénh tim. Tuy nhién, cac k¥ thuat pooling truyén thong nhu Max hodc Average pooling
dé 1am mat thong tin quan trong. Bén canh do, phan 16n nghién ctru chi tap trung vao do
chinh xac phan doan trén hinh anh cta cac md hinh may hoc ma thiéu dién giai két qua.
Trong nghién ctru ndy, chiing t6i dé xuat mé hinh hoc sdu 3DMFL-Net tich hop 3D fuzzy
pooling va ky thuat Explainable AI (XAI) dé phan doan cac cdu trac tim bao gdm tAm thét
trai, co tim va tAm that phai tir anh 3D MRI truc ngin, dong thoi cung cép dién giai két qua
phan doan. 3D fuzzy pooling st dung logic mo va ham thanh vién Gaussian dé giam kich
thudc ban do ddc trung ma van giir lai thong tin thiét yéu. XAI dugc 4p dung thong qua
3D Grad-CAM dé tryc quan hoa viing anh quan trong trong phan doan. Thyc nghiém trén
tap dit lieu M&Ms-2020 da trung tam cho thiy mé hinh dat hé s6 Dice trung binh 71.1%.

Tw khéa: Bénh tim mach, hoc sdu mo, 3D fuzzy pooling, 3DMFL-Net.
ABSTRACT

Segmentation of cardiac structures in 3D MRI plays a crucial role in the diagnosis of
heart diseases. However, traditional pooling techniques such as Max or Average pooling
often result in the loss of important information. Moreover, most studies focus solely on the
segmentation accuracy of machine learning models, lacking interpretability of the results.
In this study, we propose a deep learning model, 3DMFL-Net, which integrates 3D fuzzy
pooling and Explainable Al (XAI) techniques to segment key cardiac structures, including
the left ventricle, myocardium, and right ventricle, from short-axis 3D MRI images while
providing interpretability of the segmentation results. The 3D fuzzy pooling technique
employs fuzzy logic and Gaussian membership functions to downsample feature maps
while preserving essential information. XAl is applied using 3D Grad-CAM to visualize
the important regions involved in the segmentation process. Experiments on the multi-
center M&Ms-2020 dataset show that the model achieved an average Dice score of 71,1%.

Keywords: Cardiovascular disease, Fuzzy deep learning, 3D fuzzy pooling, 3DMFL-Net.
1. GIOI THIEU bénh tim mach 1a nhém bénh gay tir vong

hang dau trén toan cau, moi ndm c6 khoang

1.1. Gi6i thiéu bai toan o o AR
17,9 tri¢u nguoi tir vong. Do dd, phan doan

Theo t6 chire Y té Thé gi¢i (WHO) [1]
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chinh xac cic ciu triic tim gdm tAm that
trai (LV - Left Ventricle), co tim tam that
trai (MYO - Myocardium) va tam that phai
(RV - Right Ventricle) trong anh 3D MRI
tim truc ngan 1a budc quan trong dé trich
xut cac thong so sinh 1y nham phan loai
bénh tim. Tuy nhién, qua trinh niy mat
nhiéu thoi gian khi thyc hién thu cong.
Cac m6 hinh hoc sau hién nay tao ra nhiéu
ban d6 dic trung kém theo budc giam kich
thude khong gian bang phuong phap Max
pooling hodc Average pooling. Qué trinh
nay c6 thé lam mat cac thong tin quan
trong [2], trong khi phuong phap fuzzy
pooling c6 thé xir 1y tot d6i véi dir licu y
té khong chic chan trong ving pooling [3].
Bén canh d6, phan 16n nghién ctru hién nay
chi tap trung vao do chinh xac phan doan
trén hinh 4nh cua cdc mo6 hinh may hoc ma
thiéu dién giai két qua phan doan dya trén
cac ddc trung hinh anh. Day 1 yéu t6 quan
trong trong Ung dung 1am sang. Dé giai
quyét cac van dé trén, chung toi dé xuat
mo hinh hoc sdu mo 3DMFL-Net (3D Max
Fuzzy Light U-Net) dé phan doan cac cu
truc tim nhu LV, MYO va RV tir anh 3D
MRI tim tryc ngén tai hai thoi diém cubi ky
tam truong (ED - End-Diastolic) va cudi ky
tam thu (ES - End-Systolic). M6 hinh duogc
tich hop phuong phap dé xuit 3D fuzzy
pooling nhdm xac dinh chinh xac cac dic
trung tai ctra s6 pooling dé giam kich thudc
cac ban d6 dic trung nhung van giit duoc
nhitng théng tin quan trong. Dé dién giai
két qua, chung toi ap dung XAI voi phuong
phap 3D Grad-CAM nham tao ban do nhiét
hién thi cac ving anh quan trong trong qué
trinh phan doan cua 3DMFL-Net.

1.2. Cac nghién ciru lién quan

Nhoém nghién ctu Qianying Liu et al
[4] gi6i thiéu CS-UNet - mo hinh két hop
gitra mang tich chap va Transformer theo

kién trac Encoder-Decoder. Dit liéu dau
vao dugc trich xuat dic trung qua cac lop
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tich chap, sau d6 hoc mbi lién két qua cac
khéi Convolutional Swin Transformer. M6
hinh dat hé sé Dice 95.4% cho vung LV,
89.5% cho ving MYO va 89.2% cho vung
RV trén bg dir licu ACDC-2017. Nhom
nghién ctu Lei Li et al [5] gidi thi€u mo
hinh STDGNs két hop thong tin khong
gian va hinh dang dé cai thién do chinh
xac trong phan doan ba vung chinh cta tim
gém LV, MYO va RV. Két qua thuc nghiém
trén tap dir liéu M&Ms-2020 cho théy mo
hinh dat hé s6 Dice 76.6% d6i v6i vang LV,
71.5% ddi véi vimg MYO va 63.6% d6i vai
vung RV. Italo Francyles Santos da Silva et
al [6] da d& xut kién trac mang EAIS-Net
dé phan doan ving LV, MYO, dong thoi
phat trién IRAX-Net nham phan doan viing
RV. Phuong phép nay dugc danh gia trén
tap dir liéu M&Ms-2020 va dat hé s6 Dice
lan luot 12 83.3% cho vung LV, 70.8%
cho vung MYO va 74.6% cho vung RV.
Nhom nghién ctru Jiapeng Li et al [7] da
dé xuat mot khung Unsupervised Domain
Adaptatlon hai giai doan nham phan doan
cac cdu trac tim trén anh MRI, bao gdom
LV, MYO va RV. Thuc nghiém trén tap dir
lieu M&Ms-2020 dat h¢ s Dice lan luot
la 79.0% cho vung LV, 88.1% cho vung
MYO va 86.3% cho vung RV.

2.COSO LY THUYET

2.1. Céc céu triic giai phiu trén anh
MRI tim truc ngin.

Céu trac giai phau trén anh MRI tim
truc ngin bao gébm ba ving quan trong 1a
LV, MYO va RV. Hinh 1 trinh bay ba cu
trac quan trong gom LV, MYO va RV ¢ lat
cit thtr 5 tai thoi diém ES cua bénh nhan
S1S3Z7 trong tap dir li¢u M&Ms 2020 [8].
Chu ky tim ¢6 hai g1a1 doan gdm tam thu khi
cac tAm that co lai dé ddy mau vao mach mau
va tam truong khi tam that duoc d6 day mau
[9]. Cubi ky tam thu (ES - End- Systohc) la
thoi diém ma thé tich mau trong tam that dat
murc thap nhét, trong khi cudi ky tm truong
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(ED - End-Diastolic) 1a thoi diém thé tich
mau trong tim that dat mtic cao nhat. Hinh 2
trinh bay cau tric LV, MYO va RV ¢ lat cit
thir 4 tai ED va ES cua bénh nhan M4P7Q6
trong tap dir licu M&Ms-2020 [8].

Right Ventricle Myocardium
(RV) (MYO)
Left Ventricle
(LV)

Hinh 1. Cdu tric LV, MYO va RV & ldt cdt thi 5 tai thoi
di€m ES cta bénh nhdn S15327 trong tép dir liéu
M&Ms-2020.

ES

Partient: M4P7Q6 (Slice 4)

Hinh 2. Cdu tric LV, MYO va RV & ldt cdt thi 4 tai thoi
diém ED va ES cda bénh nhdn M4P7Q6 trong tap dir
liéu M&Ms-2020.

3D Cardiac MRI A B

ED, ES

Data Preprocessing Fuzzy

Volume Crop
(24%256%256 Voxels) 3DMFU-Net
SDVFL-Net
v

—» Segmentation Model
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2.2. Céc do do danh gia mé6 hinh

Hé sb Dice duoc sir dung dé danh gia
mirc d6 tuong dong giira ving phan doan
va vung thyc té trong anh, dugc xac dinh
tai cong thirc (1). Ham mét mét Cross-
Entropy Loss (LCE) dong vai trd quan
trong trong qué trinh t6i wu héa cac tham
6, nham gidm sy sai 1éch du doan so voi
thuc té. Him mat mat LCE duoc xac dinh
tai cong thuec (2).

2|ANB|

Dice= i (M

LCE=-Z3N %<y, log(p,) ()

Trong do, A la tap hop cac pixel thudc
16p dugc phan doan, B 1a tp hop cac pixel
thudc 16p thyc té trong anh, N 1a tong s6
luong plxel trén anh, p, e [0,1] la xac suit
du doan diém anh i thuoc lopec,y, € {0,1}
1a nhan thuc té cta diém anh i.

3. PHUONG PHAP PE XUAT

Segmented Image C

Original Segmented :

Imaie Imaie Grad CAM

XAl
(3D Grad-CAM) ——_ * 5

Hinh 3. Mé hinh téng qudt phdn doan cdc cdu triic tim trén anh 3DMRI truc ngdn.

Trong nghién ctru niy, chung toi dé
xuat phuong phap phan doan anh 3D MRI
tim truc ngin va giai thich két qua bang
XAI, dugc minh hoa chi tiét trong Hinh
3. Cu thé, giai doan dau thuc hién tién xir
ly nham trich xuat ving quan tim (ROI)
nham gi6i han khong gian xir 1y vao khu
vuc chira cac cAu tric tim quan trong, dugc
minh hoa phan A trong Hinh 3. Tiép theo,
vung ROI thu duogc, dugc st dung lam
dau vao cho giai doan tht hai, trong do
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tién hanh phan doan cac ving LV, MYO
va RV bang mé hinh hoc sau mo dé xuat.
Qua trinh huén luyén duoc thuc hién trén
hai mé6 hinh hoc sdu m& dé lya chon mé
hinh ¢6 hiéu suét tdi vu, gdm 3DMFU-Net
va 3DMFL-Net, dugc minh hoa phﬁn B
trong Hinh 3. Hai m6 hinh 3DMFU-Net va
3DMFL-Net duoc phat trién dya trén kién
trac 1an lugt 3D U-Net [10] va Light U-Net
[11]. Cudi cung la dién giai két qua, duoc
minh hoc phéan C trong Hinh 3.
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3.1. M6 hinh mang 3D Max Fuzzy U-Net (3DMFU-Net) dé xuét

64x24x256x256

1x24x256x256

128x12x128x128
64x12x128x128

¥
128x3x32x32
128x6x64x64 Ml *
¥ x*

256x3x32x32@ » @ »

512x3x32x32

[

- E 4x24x256x256

»

[ 1] 3D Fuzzy Pooling Block
[ TJConv3d 3x3x3, ReLU
@CoanransposeSd 3x3x3, ReLU

B convad 3x3x3
@Conv?)d 1x1x1

L 2

]

Hinh 4. Minh hoa mé hinh mang hoc sdu m& 3DMFU-Net dé xudt.

Chung t6i dé xudt md hinh mang hoc
siu m& 3DMFU-Net dugc cdi tién ciia
mang 3D U-Net [10], nhdm phan doan cac
vung LV, MYO va RV trén anh 3D MRI
tim truc ngan. 3DMFU-Net gém 2 nhanh
chinh Encoder, Decoder va dugc minh hoa
chi tiét trong Hinh 4. Encoder thuc hién
trich xuét cac dic trung trén anh thong qua
viéc tao ra 512 ban d6 dic trung. Cu thé,
Encoder nhan dau vao la anh 3D MRI c6
kich thudc 1x24x256x256 (s6 kénh, chiéu
sau, chiéu cao, chiéu rong) voxels. Encoder
bat dau véi mot 16p tich chap, tiép theo 1a
ba ting tich chap, mdi tang gdm hai 16p tich

chap lién tiép v6i bo loc 3x3x3 voxels va
ham ReLU. Sau mdi tang tich chap, chiing
toi sir dung phuong phap 3D fuzzy pooling
thay thé Max pooling nhiam giam kich
thudc khong gian ciia cac ban d6 dic trung,
nhung van giir lai nhiing thong tin quan
trong. Cudi nhanh Encoder 1 mot 16p tich
chap sdu nham ting cudng trich xuat dic
trung. Phuong phap 3D fuzzy pooling duoc
minh hoa trong Hinh 5. Nhanh Decoder su
dung cac phép tich chap Deconvolution
v6i stride bang 2 dé ting dan kich thudc
khong gian anh va giam sé lugng ban dd
dac trung.

-
Fuzzy

Xg—X1 Wi
xox2  X4—X2 W2
= voxels  X3——X3 / W3
@ - 9 . Xo——Xa 4\\ Wi Avoxel
X5——X5£ : w3 Ws @
A3D block of 3D fuzzy X7——X64A We

2x2x2 voxels pooling block A VOXel

Set X Ascending

Fuzzy

s membership values W

3D fuzzy pooling block

Wz

<
<

Gaussian Membership Function

Ws

>

\Crisp Value

Fuzzification

'Sefuzziﬁcatio'n)

Hinh 5. Phuong phdp 3D fuzzy pooling dé xudt.

trung trong ctra sO pooling. Phuong phap
3D fuzzy pooling ap dung ham thanh vién
Gaussian dugc xac dinh tai cong thuc (6),

Cu thé, phuong phap 3D fuzzy pooling
str dung 1y thuyét tip md trong fuzzy logic
dé xac dinh mutc do thudc vé cia cac dic
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mot ham thanh vién trong 1y thuyét tap mo,
dé xac dinh gia tri do thudc vé cla tung
phan tir tir 0 dén 1, v6i gia tri cang gan 1 thi
phan tir d6 cang thudc vé tap mod va nguoc
lai. Cu thé, ham thanh vién Gaussian c6
hinh dang gidéng mot chiéc chudng, voi gia
tri cuc dai b?mg I tai trung tdm va giam dan
khi phan tr ddu vao cach xa trung tim. Do
rong cua chiéc chudng duoc quyét dinh boi
tham s6 d6 1éch chuan: khi gia tri nay nho,
duong cong trd nén hep va tap trung, trong
khi gia tri 16n tao ra dudong cong trai rong
hon. Chung t61 lya chon ham Gaussian vi
dic tinh lién tuc va it tham sd, gitp mo ta
t6t sy chuyén tiép mo va tang tinh 6n dinh
cia md hinh khi xtr 1y dit liéu nhiéu. So
v6i Gaussian, ham tam giac c6 wu diém
don gian va dé tinh toan hon, tuy nhién n6
khong tron tai céac diém gdc, dan dén sy
thay d6i dot ngodt trong mirc d6 thanh vién
va lam giam kha nang biéu dién sy chuyén
tiép muot ma.

Phuong phap 3D fuzzy pooling c6 ba
giai doan chinh gom xéc dinh gia trj dau
vao, xac dinh gid tri mo va gidi mo. Giai
doan 1, x&c dinh gia tri dau vao (Crisp
value). Dé xac dinh gia tri dau vao, tir
mot khdi 3D pooling ¢é kich thude 2x2x2
voxels trong ban do dac trung, thuc hién
trich xuit tim gia tri ndy. Qua trinh nay
cho phép thu thap cac gia tri can thiét trong
ving pooling, tir 46 cung cip gia tri dau
vao cho cac budc xir Iy tiép theo. Giai doan
2, x4c dinh gia tri m¢ (Fuzzification). Moi
gia tri trong vung 3D pooling sé dugc gan
mdt ky hiéu twong ung tir x, dén xs. Goi
X=1X» X,y X, X, X, X, X, X,} la tap hop
cac gia tri dugc trich xuat trong giai doan
1 va xem tap hop X 1a mot tdp mo (fuzzy
set). Cac gia tri trong tap md X dugc sip
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xép theo thu ty tang dan. Viéc sap xép nay
gitp lam rd xu hudng chung cua dir liéu va
giam anh hudng ctia nhiéu. Thyc hién xac
dinh gia tri trung binh tong thé (m, ) cia
tap mo X. Cu thé, m, duoc xac dinh theo
cong thuc (4) 1a trung binh cua cac gia tri
trung binh cuc b m_dugc xac dinh dua
trén cong thuac (3). Sau do, st dung ham
thanh vién Gaussian dé xac dinh gia tri mo
cho tap mo X, dugc xac dinh tai cong thirc
(6). Tuwong Uing vo1 cac gia tri trong tap
mo X, tap W=(w, w,, w,, w,, W, W, W,
w,), bi€u thi gia tri mrc d6 thanh vién cta
cac phan tu trong X. Giai doan 3, giai mo
(Defuzzification). Gidi mo la qua trinh su
dung tap W va tdp mo X dé udc lugng gia
trj dau ra cia ciia phép pooling (Ppgoling)'

P oting dai dién cho mtrc d0 thudc vé cua

\

cac phan tir trong tap X, dugc xac dinh tai
cong thue (7).

1 k
m(X) = 23 X 3)
1
Mayy = - Vi) My )
Ox ~ ?=1 (lXi' mang (5)
(- man)2
Ww;=¢ 20%( (6)
Ppooling = max(wixi) (7)

Trong d6, n 1a s phan tir trong tip mo
X, q=n/2 12 mot hing sé dung dé xac dinh
pham vi s6 luong phan tir cua tap mo X dé
tinh m,, k 13 s0 1an tinh gi4 trj m, véi dicu
kién 1<=k<=q, x, 1a gia tri clia cdc phan tir
thir 1 trong tdp mo X. w, la gia tri mire do
thanh vién cta phan tir thr i trong tap mo
X, i1a vi tri cua cac phan tir trong tdp mo
X, o, la phuong sai cua tdp mo X. Phuong
sai do mirc d6 phan tan cua cac dac trung
xung quanh gia trim_ .
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3.2. M6 hinh mang 3D Max Fuzzy Light U-Net (3DMFL-Net) dé xuit.

32x24x256x256
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128x6x64x64
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%
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< Conv3d 3x3x3
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Inverted Block
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Hinh 6. Minh hoa mé hinh mang hoc séu m& 3DMFL-Net dé xudt.

Chung t6i d& xuit mo hinh hoc siu
md 3DMFL-Net dugc cai tién tir 3D Light
U-Net [11], nham phan doan cac ving LV,
MYO va RV trén anh 3D MRI tim truc
ngan. 3DMFL-Net gém 2 nhanh chinh
Encoder va Decoder dugc minh hoa chi
tiét trong Hinh 6. Encoder co sd lugng
ban d0 dic trung tang tir 1 1én 256, trong
khi kich thudc khong gian cta ban dd dic
trung giam dan tir 24x256x256 xudng con
3x32x32 voxels. Encoder gdm ba khoi
Inverted va mot 16p tich chap cudi sir dung
bo loc 3x3x3 voxels. Mdi khéi Inverted
gdm ba nhanh tich chap song song: nhanh
tha nhét tich chap véi bd loc 3x3x3 voxels
két hop Batch Normalization va ham kich
hoat ReLU; nhanh thu hai sit dung tich
chap véi bo loc 3x3x3 voxels va ReLU
va nhanh thtr ba chi thyc hién tich chap
v6i b loc 3x3x3 voxels. Déu ra ctia khoi
Inverted 13 tong cac ban d6 dic trung tir
ba nhanh. Sau ba khéi Inverted, mé hinh
ap dung phuong phap 3D fuzzy pooling
(dugc trinh bay trong mo6é hinh 3DMFU-
Net) thay cho Max pooling dé giam kich
thudc khong gian nhung van giit lai thong

tin quan trong. Nhanh Decoder str dung 16p
tich chap va upsampling véi stride bang 2
dé tang kich thuéc khong gian va giam sd
luong ban d6 dic trung.

3.3. Dién giai két qua phan doan

Chung t6i dé xuat mé hinh hoc sau mo
két hop XAI véi phuong phap 3D Grad-
CAM dé dién giai két qua phan doan, duoc
minh hoa phan C trong Hinh 3. Két qua
dién giai bao gém: a) hién thi anh 3D MRI
tim truc ngan tai hai thoi diém sinh 1y quan
trong 1a ED va ES; b) hién thi két qua phan
doan v6i cac vung phan doan duogc hién
thi va danh du bang mau sic rd rang dé
hd trg tryc quan bao gdbm ving LV mau
xanh lam, ving MYO mau xanh 14 va
ving RV mau do; ¢) hién thi ban dd nhiét
bang phuong phip 3D Grad-CAM dugc
tinh toan theo Deepa Darshini Gunashekar
et al [12]. Cac ban do nhiét nay dugc ma
héa mau theo dai lién tuc tir xanh dén do,
trong d6 cac vung mau do biéu thi khu vuc
¢6 muc do anh hudng cao dén quyét dinh
cia md hinh, mau xanh thé hién cac ving
it duoc chu y.
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4. THU'C NGHIEM VA PANH GIA

4.1. Moi truong cai dat va tap dir liéu

Moi truong cai dat st dung Google
Colab voi1 A100 GPU; Ram GPU la 40
GB; by nhé luu trlr 1a 235.7 GB. M6 hinh
duoc xay dung va huan luyén bang thu
vién PyTorch.

ISSN 2681 5-9945

Tap dir liu M&Ms-2020 [8] co 345
bénh nhan, mdi bénh nhan c¢6 2 anh 3D
MRI tim truc ngin & thoi diém ED va ES.
M&Ms-2020 ¢6 nhiéu bénh nhan dugc
chup tir thiét bi MRI ctia bén nha cung cip
la Vendor A, Vendor B, Vendor C, Vendor
D va dugc mo ta trong Bang 1.

Bdng 1. S6 luwong dnh 3D MRI tim truc ngan trong tdp dir liéu thuc nghiém

M&Ms-2020.
Vendor A Vendor B Vendor C Vendor D
ED | ES ED ES ED ES ED ES Total
Training 75 75 75 75 25 25 0 0
Validation 4 4 10 10 10 10 10 10 690
Testing 16 16 40 40 40 40 40 40

4.2. Tham s6 huén luyén mé hinh

Chiing t6i dé xuat cac tham s6 hudn luyén mé hinh dwogc trinh bay chi tiét trong
Bang 2.

Bdng 2. Cdc tham s6 hudn luyén mé hinh

Proposed Model | Epoch | Learning rate | Loss | Num classes | Batch size
3DMFU-Net 200 le-4 LCE (2) 4 2
3DMFL-Net 200 le-4 LCE (2) 4 2

4.3. Két qua huén luyén

Hinh 7 trinh bay su thay ddi gia tri Loss
va hé s6 Dice trong subt quéa trinh huan
luyén. Cu thé: (a) 3SDMFU-Net dat gia tri
loss thap nhét 1a 0.005 trén tap training va
0.034 trén tap validation tai epoch thir 178;
(b) 3DMFL-Net thé hién xu hudng giam

loss déu dan va 6n dinh, dat mirc thap nhét
1a 0.004 trén tap training va 0.026 trén tap
validation tai epoch thir 195; (¢) 3DMFU-
Net dat hé sb Dice cao nhét 1a 87.4% trén
tap training va 70.0% trén tdp validation;
(d) 3DMFL-Net dat hé s Dice lan luot 1a
90.4% trén tap training va 74.9% trén tap
validation.
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Hinh 7. Bi€u dé thé hién giad tri Loss va hé sé Dice trong qud trinh hudn luyén ctia hai mé hinh
3DMFU-Net va 3DMFL-Net.
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Pé 1am rd hon vé thoi gian xir 1y va do
phtc tap tinh toan, chiing t6i da tién hanh so
sanh hai mo hinh dé xuét. Cu thé, thoi gian
huin luyén cua 3DMFL-Net 1a 296 phut,
trong khi 3DMFU-Net can 373 phut trén
cung moi truong tinh toan. Bén canh do,
3DMFL-Net dat validation Dice 74.9%,
cao hon so véi 70% ciia 3DMFU-Net. Két
qua nay cho thdy 3DMFL-Net khong chi
rit ngan dang ké thoi gian huan luyén ma
con dat hiéu suét phan doan cao hon, chiing
t6 mo hinh mang lai sy can bang tdt gitta
dd chinh xac va chi phi tinh toédn, tir do c6
tiém nang ung dung cao hon trong thuc té
lam sang.

4.4. Két qua kiém thir

Thir nhat, dé danh gid higu suat cta
hai m6 hinh 3DMFU-Net va 3DMFL-Net,
chung t6i tién hanh so sanh do chinh xac
phan doan anh 3D MRI tim tryc ngan tir
cac nha cung cap thiét bi khac nhau (nhu
da trinh bay trong phan 4.1). Cu thé, bang
3 trinh bay hé sb Dice (%) cho ba ving
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giai phau chinh gom LV, MYO, RV tuong
g v6i hai mé hinh dé xuat. Két qua cho
thiy mo hinh 3DMFL-Net dat hé s Dice
trung binh 1a 71.1% trén tap kiém thu, cao
hon 6.2% so vé1 3DMFU-Net voi gid tri
64.9%. Cu thé, hiéu suat mo hinh 3DMFL-
Net cao nhat ¢ thiét bi tir nha cung cip B
v6i 80.2%, tiép theo 1a thiét bi tir nha cung
cap A dat 73.8%, thiét bi tir nha cung cap
C dat 68.2% va thap nhat & thiét bj tir nha
cung cip D véi 62.2%. Dang chu v, tac gia
tap dit liéu M&Ms-2020 da thiét ké sao cho
anh 3D MRI tim truc ngén duoc chup tir
thiét bi ctia nha cung cdp D chi xuat hién
trong tap testing va validation, hoan toan
khong co6 trong training, tor d6 md hinh
phai khai quat hoa trén dir liu chua tung
thdy trong qué trinh huin luyén. Diéu nay
vira phan anh sy khéc biét gitra thiét bi cua
nhiéu nha cung cép, vira chirng minh tinh
6n dinh, kha nang khai quat va tiém nang
ung dung cua mo hinh trong moéi truong
1am sang da thiét bi.

Bdng 3. Hé s6 Dice (%) gitta 3DMFU-Net va 3DMFL-Net tir nhiéu nha cung cdp

thiét bi.
Proposed Model Vendor LV MYO RV Mean

A 79.9 65.7 65.2 70.3

B 81.1 74.5 74.5 76.7

3DMFU-Net C 71.8 60.4 55.4 62.5
D 59.0 42.7 479 49.9

Mean 73.0 60.8 60.8 64.9

A 81.8 68.8 70.8 73.8

B 84.6 76.6 79.5 80.2

3DMFL-Net C 75.3 65.6 63.8 68.2
D 69.5 56.2 60.8 62.2

Mean 77.8 66.8 68.7 71.1

Thtr hai, ching t6i danh gia hi¢u qua
ctia phuong phap 3D fuzzy pooling bang

cach so sanh vd1 Max pooling va Average
pooling. Ba phuong phép pooling duoc
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chung t6i hudn luyén trén ciing md hinh
3DMFL-Net. Két qua tir Bang 4 cho thay
khi ap dung phuong phap 3D fuzzy pool-
ing, m6 hinh 3DMFL-Net dat hi¢u suét
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phan doan cao nhit véi hé sb Dice trung
binh 1a 71.1%, vuot trdi so voi khi st dung
Max pooling 1a 70.2% va Average pooling
la 69.3%.

Bdng 4. Hé s6 Dice (%) cdc phwong phdp pooling trén ciing mé hinh 3DMFL-Net.

Proposed Model Pooling method LV MYO RV Mean
Average pooling 76,9 64,0 67,0 69,3
3DMFL-Net Max pooling 78,0 66,4 66,2 70,2
3D Fuzzy pooling 77,8 66,8 68,7 71,1

Hinh 8 minh hoa két qua phan doan
cua 3DMFL-Net trén bénh nhan I5L.3S2
tai thoi diém ED va ES duogc chup tir thiét
bi ciia Vendor B, trong tap dir liéu M&Ms-

Original Image Ground Truth 3DMFL-Net Original Image Ground Truth  3DMFL-Net
Dice DI
. LV: 94.4% ’ ice
Slice 1 MYO: 80.6% Stice 1 MYO: 75.8%
RV: 78.4%
Dice Dice
. LV: 96.9% ] LV: 88.5%
Slice 5 MYO: 90.6% Slice 5 MYO: 89.2%
RV: 96.5% RV: 92.5%
Dice [ ' g, . Dice
. LV: 95.8% . LV: 89.6%
Slice 9 MYO: 81.2% Slice 8 MYO: 81.8%
ED ES
MLV - Left Ventricle BIMYO - Myocardium IRV - Right Ventricle

2020. Anh theo truc doc ED c6 9 lat cét,
ES c6 8 lat cit, giup minh hoa két qua phan

doan theo chiéu sau cua anh.

Hinh 8. Anh phdn doan trén tirng Idt cdt ciia bénh nhan I5L3S2 tai thoi diém ED va ES
trong tdp dir liéu M&Ms-2020.

4.5. Dién giai két qua phan doan
bang 3D Grad-CAM

Chtng t6i trinh bay qud trinh dién
giai két qua cia moé hinh 3DMFL-Net
d6i v&i bénh nhan 15L3S2 trong tap kiém
thir M&Ms-2020 va minh hoa trong hinh
9. Ngoai hién thi cac 1at cét trén anh gdc,
anh phan doan tai hai thoi diém sinh Iy
quan trong 1a ED va ES ciing dugc hién
thi v6i ba cau trac chinh 1a LV mau xanh
lam, MYO mau xanh 14 va RV mau do, cho
thay su twong ng cao v&i cdu trac trén

anh gbc. Ngoai ra, XAl bang phuong phap
3D Grad-CAM tao ra cac ban dd nhiét thé
hién mtrc d§ cht y cia md hinh trén ting
14t cat MRI. Ban db nhiét dugc ma hoa tir
xanh dén do, trong d6 ving do cho thiy
khu vuc ¢6 anh huong 16n dén quyét dinh
cua mo hinh, con vung xanh thé hién khu
vuc it duge cha y. Viéc chong ban d6 nhiét
1én anh gbc giup bac si quan sat tryc quan
ving tap trung ctia md hinh doc theo chiéu
sau anh. Cac 14t cat tai hai thoi diém ED
va ES duogc trinh bay riéng biét, cho phép
béc si so sanh sy thay d6i theo chu ky tim —
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mot yéu té quan trong trong danh gia chirc
nang tim. Céch tryc quan hoa nay khong
chi hd trg kiém chimg quyét dinh phan
doan ma con gitup phat hién céc truong
hop mo hinh tap trung sai 1éch, tir d6 tang

D (Dice: LV 96.6%; MYO 88.3%; RV 94.1%)

IIIIII.
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do tin cdy va tinh dién gidi trong tng dung
1am sang. Diéu nay dic biét quan trong khi
dua cac mo hinh tri tué nhan tao vao hd tro
chan doan va diéu trj.

ES (Dice: LV 89 5%; MYO 84.0%; RV 86.8%)

O]

ool o]

Slice1 Slice2 Slice3 Slice4 Slice5 Slice6 Slice7 Slice8 Slice9 Slice1 Slice2 Slice3 Slice4 Slice5 Slice6 Slice7 Slice 8
Color scale of the Grad-CAM heatmap

A5

A: Original Image B: 3DMFL-Net C: 3D Grad-CAM WLV - Left Ventricle MIMYO - Myocardium HRV - Right Ventricle

1

Hinh 9. Dién gidi két qua phdn doan béng 3D Grad-CAM cta bénh nhédn I5L3S2 tai hai théi diém
ED va ES trong tap kiém thir M&Ms-2020.

4.6 So sanh danh gia va thio luén.

Bang 5 so sanh két qua phan doan gitta
mo hinh 3DMFL-Net va cac nghién cuu
hién c6. Trong do, mé hinh 3DMFL-Net
dat hé s6 Dice trung binh 71,1% trén tap
kiém thtr. Két qua nay cao hon két qua cua
Lei Li et al [5] dat hé sb Dice trung binh
70,5%. Bén canh d6, mé hinh dé& xuit van
cho thay hé s Dice tuong duong so voi

phuong phap cua Italo Francyles Santos
da Silva et al [6] dat 76,2%. Pang chu vy,
m6 hinh dé xuit 3DMFL-Net c¢6 vu diém
noi bat 1a kha ning dién giai két qua phan
doan bang XAI voi phuong phap 3D Grad-
CAM trong khi hau hét cac phuong phap
khac déu thiéu co ché dién giai két qua
phan doan, anh hudng d6 tin cdy trong tng
dung 1am sang.

Bang 5. Ket qua phan doan cua mé hinh dé xudt cung cac nghién cuu lién quan.

Authors Methods Mean Dice (%) XAl
Proposed 3DMFV-Net 71,1 3D Grad-CAM
Lei Lietal [5] STDGNSs 70,5 -

Italo Francyles Santos
da Silva et al [6] EAIS-Net, IRAX-Net 76,2 -
5. KET LUAN giam kich thudc cac ban dd dic trung nhung

Trong nghién ctru nay, ching toi dé
xuat md hinh hoc sau m¢ 3DMFL-Net két
hop phuong phap XAI nham phan doan cac
ving tam thét trai, co tim va tam that phai,
ddng thoi dién giai két qua phan doan. Cac
dong gop quan trong cua nghién clru bao
gom: (1) dé& xuat phuong phéap 3D fuzzy
pooling v&i ham thanh vién Gaussian nham
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van giit cac didc trung quan trong, diéu dé
cho thiy c6 nhiéu vu diém hon cac phuong
phép Max pooling va Average pooling trong
cac md hinh hoc sau; (2) phat trién mé hinh
Light UNet tir 2D sang 3D, dong thoi tich
hop phuong phéap 3D fuzzy pooling dé cai
thién kha nang phan doan trong khong gian
ba chiéu; (3) dé xuit mo hinh phan doan
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mo 3DMFL-Net két hop XAI nham hd tro
béac si trong viéc phan doan cac cau trc
tim, dong thoi cung cip dién giai dua trén
dac trung hinh anh. Thyuc nghi€ém trén tap
dir liéu M&Ms-2020 da trung tim cho thay
mé hinh dat hé sé Dice trung binh 71.1%,
khang dinh tinh 6n dinh va kha ning khai
quat hoa trong mdi truong lam sang da
thiét bi. Nghién ctru dat duoc nhiéu két qua
kha quan nhung van t6n tai mot s6 han ché.
Thir nhit, m6 hinh méi chi thuc hién phan
doan va du doan trén anh 3D MRI tim truc
ngén, chua khai thac anh truc dai. Thir hai,
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dr li¢u thyc nghiém chu yéu dua trén tap
M&Ms-2020 va do sau anh 3D MRI tim
truc ngdn chi giéi han & 24 lat cat, nén kha
ning téng quat va xu 1y cac anh c6 chiéu
sau 16n hon con han ché. Trong twong lai,
ching t61 s€ m& rdng nghién clru trén tap
M&Ms-2 2021 dé danh gia tinh tong quat
trén ca hai loai anh truc ngén va truc dai,
ddng thoi phat trién phuong phap 3D fuzzy
pooling véi ham thanh vién hinh thang, két
hop nhiéu mé hinh theo fuzzy SUNEGO
va trién khai trong méi trudong xir Iy song
song nham dap tng yéu cau vé dit liéu 16n.
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