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Tir khéa: TOM TAT

CT, DATFuse, MRI, T 5ng hop anh y hoc nham két hop thong tin bo sung tir cdc

phan rd da muc, tong phirong thire chup khdc nhau vao mét dnh duy nhdt dé phuc

hop hinh anh y hoc. vu chan dodn. Bai bdo dé xuat MDMFusion, mét mé hinh
tong hop anh MRI-CT dya trén phin rd da mitc MIDTE
(Multi-level Image Decomposition with THF and EGIF) két
hop hai bo loc bao toan bién la THF (Truncated Huber
Filtering) va EGIF (Eﬂecttve Guided Image Filtering).
Thanh phan co sé dwoc tong hop bang mo hmh hoc sdu
DATFuse, con cdc thanh phan chi tiét dwoc tong hop bang
mang no-ron xung cdi tién mPCNN.
Thuc nghiém trén bo dir lieu MRI-CT voi bon chi s6 Qumirs
Qx, Qu; va Q4B/F | 5o sanh véi chin phwong phdp tién tién
dwoc cong bo trong giai doan 2020-2025, cho thdy
MDMFusion dat Qyy; va Qg cao nhdt (lan lwot la 0,27243
va 6,48848), dong thoi dat két qud canh tranh & Qy
(2,54383) va Q“B/F (0,48593).
Két qua cho thdy viéc két hop phdn rd da mire bdo toan bién
véi DATFuse cho thanh phan co sé va mPCNN cho thanh
phan chi tiét givip cdi thién dé sdng va lwong thong tin cia
danh tong hop; khd nang bdao toan théng tin bién (Q48/F)
van con thdp hon mét s6 phwong phdp khéc va la hudng
can cdi thién.

Keywords: ABSTRACT
MRI-CT, DATFuse, Medical image  fusion combines  complementary
PCNN, THF, EGIF. information from different imaging modalities into a single

image to support diagnosis. This paper proposes
MDMFusion, an MRI-CT image fusion model based on the
multi-level decomposition MIDTE (Multi-level Image
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Decomposition with THF and EGIF), which combines two
edge-preserving filters: Truncated Huber Filtering (THF)
and Effective Guided Image Filtering (EGIF). The base
components are fused by the deep learning model
DATFuse, and the detail components are fused by a
modified pulse-coupled neural network (mPCNN).

Experiments on an MRI-CT dataset with four metrics

(Quirs Q. Quy and Q4B/F), compared with nine state-of-
the-art methods published in 2020-2025, show that
MDMFusion achieves the highest Qy; (0.27243) and Qg
(6.48848) while remaining competitive in Qu; (2.54383)
and Q4B/F (0.48593).

These findings suggest that combining edge-preserving
multi-level decomposition with DATFuse for the base
component and mPCNN for the detail components
improves the brightness and information content of fused
images; edge-information preservation (Q48/F) remains
lower than some existing methods and is a direction for
further improvement.

1. DPAT VAN BE

Tong hop hinh anh y hoc 1a mét bai toan quan trong trong linh vye xir Iy anh. Muc
tiéu clia bai toan 1 két hop thong tin tir nhidu anh dau vao, thuong duoc thu nhan tir cac
phuong thirc chup khac nhau, nham tao ra mot anh tong hop chira nhiéu thong tin hiru
ich hon S0 vo1 tirng anh riéng 1€. Thong qua qué trinh nay, cac dac trung bé sung gitra
cac ngudn dit liéu dugce tich hop hiéu qua, gitip biéu dién dy du hon ca cdu trac giai
phau va hoat dong chirc nang cua co thé nguoi.

Trong cac bai toan tong hop anh y hoc, téng hop anh chup cit 16p vi tinh
(Computed Tomography - CT) va cong hudng tir (Magnetic Resonance Imaging - MRI)
duoc xem 1a mot hudng nghién ciru quan trong nhd kha nang két hop hidu qué thong tin
céu triic va thong tin mo mém. Anh CT c6 uu thé trong viéc biéu dién cau tric xuong,
mo cimg va cac chi tiét giai phau véi do Jphan giai khong gian cao, dong thoi hlen thi ro
cac ton thuong lién quan den xuong, xuat huyét, voi hoa va cau truc giai phau tong thé.
Trong khi do, anh MRI ndi bat & kha nang mo ta mo mém, ndo b, tuy song, day than
kinh va cac ton thuorng md mém nhd do tuong phan mo cao. Do mdi phwong thurc chi
phan d&nh mdt phan thong tin ctia co thé, viéc tong hop anh CT va MRI cho phép tao ra
mot anh duy nhit chtra déng thoi théng tin cau tric rd nét tir CT va thong tin mo mém
chi tiét tir MRI, giup béc si quan sat toan dién hon vi tri, kich thudc ciing nhu méi lién
quan cua ton thuong vai cac cau tric giai phau 1an can, tir 6 nang cao hiéu qua dénh
gi4 va chan doan bénh 1y. Trong thyc tién 1am sang, anh tong hgp CT-MRI ¢6 nhiéu tmg
dung quan trong nhu hd tro chan doan chinh xac hon nho cung cap dong thoi thong tin
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vé cdu trac giai phau va mod mém, hd tro 1ap ké hoach phau thuat thong qua viéc xac
dinh chinh xdc vi tri ton thuwong va mirc d¢ xam lan, dong thoi nang cao hiéu qua xa tri
va diéu tri ung thu khi glup xéc dinh rd ving khéi u va mé lanh xung quanh. Ngoai ra,
viéc tich hop nhiéu ngudn thong tin trén cliing mot anh con giup tang hi€u qua quan sat,
giam sai sot trong qua trinh doc anh va cung cip dir liéu dau vao giau thong tin cho cac
hé thong tri tué nhan tao va hoc sau trong phan tich anh y hoc. Dic biét, trong cac (ing
dung lién quan dén chan doan than kinh, ung thur va cac bénh 1y phic tap, téng hop anh
CT va MRI gép phan vcal thién dang ké chat ‘lu:(yng thong tin hinh anh, qua d6 nang cao
do chinh xac trong chén‘doén va hi¢u qua ﬁiéu tri [am sang. )

Maic du da c6 nhiéu phuong phap tong hop hinh anh y hoc dugc cong bo va dat
dugc nhiing két qua tich cuc, cac nghién ctru hién nay van tdn tai mot sé han ché can
tiép tuc dugc khic phuc. Trudc hét, cac phuong phap phan rd da ti 16 nhu NSCT va
NSST [1][2][3] ¢6 kha ning biéu dién dic trung tét nho khai thac thong tin da hudng va
da ti I¢, tuy nhién lai doi hoi chi phi tinh toan 16n, gay kho khan cho cac ung dung thoi
gian thuc hodc cac hé théng c6 tai nguyén tinh toan han ché. Bén canh do, trong chién
luge tong hop thanh phan co s¢, mot sé phuong phap ap dung cac quy tic don gian nhu
quy tic trung binh [4][5] do ¢ wu diém vé tdc do tinh toan va dé trién khai. Tuy nhién,
phuong phap nay dé lam suy giam cudng do sang va do tuong phan cua anh tong hop,
dan dén mat mat thong tin chi tiét, ddc biét tai cic ving chitra nhidu thong tin quan trong
hodc c6 mirc nang lugng cao. Ngoai ra, dbi véi chién lugce téng hop thanh phﬁn chi tiét,
cac phuong phdp dua trén mang no-ron xung PCNN (Pulse-Coupled Neural Network),
dién hinh nhu AGPCNN (Adaptive Gaussian PCNN) [6] van chua bao toan ddy du thong
tin bién va cac dac trung cAu trac quan trong, ddc biét tai cac vung co két cau phuec tap
hodc d6 twong phan thap. Piéu nay c6 thé dan dén hién tugng mat cac chi tiét nho.

Trong bai bao nay, chiing t6i d& xuat MDMFusion, mdt mo hinh tong hop hinh
anh y hoc méi, cac dong gop chinh ctia nghién ctru duoc tom tit nhu sau:

Pé xuat mo hinh tong hop anh y hoc MDMFusion (Multi-level Decomposition,
DATFuse and modified PCNN Fusion) két hop phan rd da murc, hoc sdu va mang no-
ron xung nham nang cao chat lugng anh MRI-CT tong hop.

Dé xuit giai thuat phan rd da mic MIDTE (Multi-level Image Decomposition
with THF and EGIF) két hop THF (Truncated Huber Filtering) [7] va EGIF (Effective
Guided Image Filtering) [8] dé ting kha ning bao toan bién va tach hiéu qua thanh
phan co s6 - chi tiét.

Ap dung mé hinh DATFuse (Dual Attention Transformer) [9] cho téng hop thanh
phan co s¢ nham cai thién d6 sang va do twong phan cta anh tong hop.

Dé xuat chién lugc tong hop thanh phan chi tiét dya trén mPCNN (Modified PCNN)
nhim ting cuong kha ning bao toan thong tin bién va céu triic giai phau quan trong.

Céu triic ctia bai bao dugc to chirc nhu sau: Phan 2 mo ta chi tiét phuong phap
tong hop anh dwgc dé xuat; Phan 3 phén tich két qua thuc nghiém va thao luan; cubi
cung, Phan 4 dua ra két luan va dinh huéng nghién ctru trong tuong lai.
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2. MO HINH DE XUAT

2.1. M6 hinh téng hop hinh anh MDMFusion

| FL | | Bwoéc 2

Hinh 1. Md hinh tong hop hinh anh Hinh 2. Giai thuat MIDTE
MDMPFusion

Trong phan nay, chiing t6i trinh bay MDMFusion, mdt phuong phap tong hop anh
y hoc méi dugc dé xuét cho bai toan téng hop anh MRI va CT. Khung tong thé cia
phuong phap dugc minh hoa trong Hinh 1, bao gom ba giai doan chinh: phan rd da mirc
bang MIDTE, tong hop cac thanh phan co s¢ va chi tiét thong qua DATFuse va mPCNN,
va cudi cling 14 tai tao anh. Chi tiét mo hinh MDMFusion duoc mé ta nhu sau:

Piu vao: Hai anh xdam A va B.

Piu ra: Anh tong hop xam F.

Budrc 1. Phén ri anh: Ap dung phuong phdap MIDTE dé phan ra hai 4nh dau vao
A va B thanh céc thanh phan co s& (AL, BL) va céc thanh phan chi tiét (AH,, AH,, AH,
va BH,, BH,, BH3), nhu mo ta trong cac cong thuc (1) va (2).

[AL,AH,,AH,, AH;] = MIDTE(A4), (1)
[BL,BH,, BH,, BH;] = MIDTE(B). (2)

Budéc 2. Tong hop anh:

Tong hop hai thanh phan co s¢ ALva BLbang phuong phap DATFuse nhu trong
cong thirc (3).

FL = DATFuse(AL, BL). 3)

Tdng hop timg cip thanh phan chi tiét bang phuong phap mPCNN, nhu duge trinh

bay trong cdng thire (4) véi i = 1,2,3.
FH; = mPCNN(AH;, BH,), 4)

Buwéc 3. Tai tao anh: Anh tong hop cudi cing F duoc tai tao bang cach két hop

cac thanh phan co s¢ va chi tiét da tong hop, nhur duge dinh nghia trong cong thic (5).
F = SUM(FL,FH4,FH,, FH3). (5)
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2.2. Giai thuat phan ra da mic MIDTE

Thuét toan MIDTE duoc dé xuit dua trén chién lugc phan rd danh da muc nham
tach hiéu qua thong tin co s6 va thong tin chi tiét tir cac anh dau vao. Y tudng chinh cta
phuong phap xut phat tir thuce té rang trong bai toan tong hop anh y hoc, Vlec bao toan
ddng thoi cau tric giai phiu va cac chi tiét bién 1a yéu t6 quan trong quyet dinh chat
lwong anh tong hop. Do d6, nghién ctru két hop hai bo loc THF va EGIF nham khai thac
tinh bd sung giita kha ning bao toan bién va ting cudong thong tin cau trac. Trudc hét
THF duoc lga chon nh¢ kha nang lam tron hi€u qua cac vung dong nhét trong khi Van
duy tri tot cac duong bién quan trong. Bo loc niy giup giam nhidu vataora 16p €O 8O on
dinh cho qua trinh phén rd. Tuy nhién, khi chi str dung THF, mét s6 thong tin cdu tric
va chi tiét cuc bd 6 thé chua dugc biéu dién dﬁy du. Vi vay, EGIF tiép tuc dugc ap dung
dé tinh chinh 16p co so trung gian va ting cudng kha ning trich xuét thong tin ciu trac.
Viéc két hop THF va EGIF gitp tao ra su phan tach cin bang hon giita thanh phan co s
va thanh phan chi tiét, dong thoi cai thién kha ning bao toan thong tin bién va két cdu
anh. Nhin chung, MIDTE cung cip mot khung phan rd da mure c6 kha nang can bang
hiéu qua giira khir nhiéu va bao toan chi tiét so v6i cac phuong phap phéan ri truyén
thong. Thuat toan MIDTE dugc minh hoa trong Hinh 2.

2.3. Giai thuit tong hop thanh phan co sé DATFuse

Tang va cong su [9] da dé xuat DATFuse, mot khung téng hop anh hong ngoai —
kha kién dau cudi két hop gitra mang tich chdp CNN va mé hinh Transformer nham khai
thac dong thoi thong tin cuc bd va thong tin toan cuc cia anh. Y tudng chinh cua
DATFuse la tdn dung kha nang trich xuét dic trung cuc bd hi€u qua ciia CNN cung kha
ning mo hinh hoa cac mdi quan hé phu thudc dai han cta Transformer dé nang cao chat
luong anh tong hop. Cu thé, mé hinh sir dung cac mo-dun du chi y kép (Dual Attention
Residual Modules - DARMs) nham ting cuong kha ning biéu dién dic trung cuc bo,
dong thoi ap dung cac mo-dun Transformer (Transformer Modules - TRMs) dé hoc
thong tin ngtr canh toan cuc va cac quan hé phu thudc khong gian xa. Nho su két hop
nay, DATFuse c6 thé tao ra cac anh téng hop bao toan cuong do sang tét hon so voéi
nhiéu phuong phap truyén thng.

Trong md hinh nay, DATFuse dugc ap dung dé tong hop hai thanh phan co so AL
va BL. Nhu minh hoa trong Hinh 3, khung phuong phap bat dau bang viéc ghép hai anh
thanh phan co sd AL va BL theo chiéu kénh dé tao thanh dau vao hai kénh F,,,. Pau
vao nay sau d6 duge xir Iy bai mot khdi tich chap ban dau gom phép tich chap 5 x 5,
theo sau 1a chuan hoa batch (Batch Normalization - BN) va ham kich hoat ReLU nhim
trich xuat cac dic trung muc thap, hd trg qué trinh xir 1y thi gidc ban dau va téi uu hoa
on dinh, nhu duge dinh nghia trong cong thirc (6).

Fin = ReLUpy (Convsyxs (Fear)) ,(6) .
trong do: F.,; = Concat(AL, BL). Cac dac trung duoc trich xuat sau do lan luot dugc
tinh chinh thong qua mét DARM, hai TRM va mot DARM thu hai, trude khi dugc anh
xa thong qua phép tich chap 1 x 1 két hop v6i ham kich hoat Tanh dé tai tao thanh phan
co s& cudi ciing FL.
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Hinh 3. Giai thuit tong hop thanh phan co s¢ DATFuse

2.4. Giai thuit tong hop thanh phan chi tiét mPCNN

Hinh 4. Giai thuit tong hop thanh phan chi tiét mPCNN

Mic du su két hop giita PCNN truyén thong va MLMG (Multi-Level
Morphologlcal Gradient) [10][11] da cho thay hi¢u qua trong phat hi¢n bién va bao toan
cau trac, phuong phap nay van ton tai mot sé han ché nhu chi phi tinh toan cao do sir
dung nhan lién két kich thudc 16n, hién tugng dao dong tai cac vung dong nhét va sy
phu thudc manh vao phan tir cau triic trong qua trinh tinh gradient. Nhitng han ché nay
¢6 thé lam giam d6 6n dinh ciing nhu hiéu quéa bao toan chi tiét trong anh tong hop. Dé
khic phuc cac van dé trén, nghién ctru dé xuit chién luoc tong hop thanh phan chi tiét
két hop gitta MLMG cai tién (modified MLMG - mMLMG) va PCNN cai tién (modified
PCNN - mPCNN). Y tudng chinh cua chién luge nay 1a duy tri kha ning phat hién dic
trung n6i bat cia PCNN dong thoi giam d phire tap tinh toan, ting tinh on dinh va nang
cao hiéu qua trich xut chi tiét. Nhitng cai tién trén gop phan ning cao hiéu qua va do
6n dinh ciia PCNN trong khi van duy tri kha ning biéu dién céc chi tiét tinh. Chién luoc
nay tich hop mMLMG va mPCNN thanh quy trinh ba budc cho bai toan tong hop thanh
phén chi tiét, dugc minh hoa trong Hinh 4.

Ba cai tién chinh duoc dé xuat gom:

mMLMG véi phén tir ciu tric hinh vudéng: Khac véi MLMG truyén thong sir dung
phan tir cdu tric dang dia nham dam bao tinh dang huéng, mMLMG str dung phén tir
cAu tric hinh vudng. Diéu nay gitp giam chi phi tinh toan, ting d6 nhay theo cac hudéng
truc ctia anh va thuén tién hon trong viéc diéu chinh ti 1é.

mPCNN véi nhén lién két nhi thirc: Thay vi sir dung nhan suy giam theo khoang
cach co kich thuéc lon, mPCNN ap dung nhan nhi thirc kich thuéc 3x3. Nhan nay c6 kha
nang xap xi qua trinh lam tron Gaussian, glup glam dang ké do phu’c tap tinh toan va 6n
dinh qua trinh kich hoat trong cac ving dong nhit ma vin bao toan tt thong tin bién.
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Co ché tinh 14n can 6n dinh: Kich thich 14n cin duoc tinh thong qua phép tich chap
két hop v6i co ché sao chép bién, gitip han ché hién tuong bién gia do dém gié tri 0, duy
tri tinh nhat quan khong gian tai viing bién va tao ra cac ban dd hoat dong muot hon cho
qué trinh tong hop.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Thiét 1ap thwe nghiém

3.1.1. Chi s6 danh gid

Dé danh gia khach quan chat luong anh tong hop, nghién ctru st dung bén chi sb
pho bién gdm Qurs, Qr, Quy va Q4F/F.

Qmiy (Mean Luminance Index) la chi s6 danh gia kha nang bao toan cuong do sang
clia anh tong hop so véi cac anh ngudn. Gia tri cang 16n cho thdy anh tong hop duy tri
d6 sang cang tot.

Qg (Entropy) phan 4nh lugng thong tin chira trong anh tong hop. Gia tri entropy
cang cao cho thdy anh chtra cang nhiéu thong tin va chi tiét.

Qur (Mutual Information) [12] do lugng thong tin tuong hd glua anh tong hop va
cac anh nguon, qua d6 danh gia kha nang luu gil thong tin tir anh dau vao trong qua
trinh tong hop.

Q4B/F [13] 1a chi s6 danh gia kha ning bio toan thong tin bién va canh cta anh
téng hop dua trén mirc d6 duy tri gradient va cau trac bién tir cic anh ngudn.

3.1.2. M6 ta thuc nghiém

Thyc nghiém 1: Thuc nghiém dugc thuc hién nham danh gia hiéu qua cua giai
thuat tong hop thanh phan co s DATFuse trong mod hinh MDMFusion trén bd dir liéu
MRI-CT. Hai chi sé danh gia duoc su dung gom: Qmwi va Q. Cu the DATFuse duoc
thay thé lan lugt boi cac quy tac tong hop thanh phan co sd, bao gdm: quy tic dua trén
toan tir Robert cai tién [6], CNP [14], INSML+WLE [1], toan ttr Prewitt cai tién [15].
Céc bién thé trong tmg duoc ky hiéu tir T; d&én Ty,.

Thyc nghiém 2: Thuc nghiém duogc tién hanh nham danh gia hiéu qua ctia mo hinh
MDMFusion trén bo dit lieu MRI-CT. Bén chi s6 danh gia dugc sir dung. gom: Qs
Qs> Quy va Q4B/F Mo hinh dé xuat duoc so sanh véi chin phuong phap tong hop anh
tién tién duoc cong bd trong giai doan 2020-2025 gém: CNP_NSST [14],
MLMG_PCNN [10], DTNP_NSCT [1], AGPCNN [6], IDCPCNN [15], DCRNN [16],
FATFusion [17], MDHU [18] va MACTFusion [19]. Cac phuong phap nay dugc ky hi¢u
lan luot tir P, dén P,.

3.1.3. Moi truong thuc nghiém

DATFuse, FATFusion va MACTFusion dugc trién khai bang PyTorch va huin
luyén trén GPU NVIDIA A100. Toan by anh MRI-CT duoc lay tir b dl;l‘ liéu cong khai
Harvard Whole Brain Atlas (AANLIB)!. Cac mo hinh hoc sau dugc huan luyén trén bo

Uhttps://www.med.harvard.edu/aanlib/

22



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC P-ISSN 3030-4628
Hong Duc University Journal of Science E-ISSN 3030-4636

dir gom 184 cap anh MRI-CT, khong trung 14p v6i 24 cap anh sir dung cho danh gia. Trong
qua trinh huan luyén, leh thudc batch dugc thiét 1ap bang 8, s6 epoch bang 10 va toan bd
anh dugc chuin hoa vé kich thude 256 X 256 pixel. B t6i vu Adam dugc st dung véi
tdc dd hoc khéi tao 1 x 1073, Céc thi nghiém con lai dugc thyc hién trén MATLAB
R2022b v6i may tinh st dung CPU Intel® Core™ i5-12400 thé hé thir 12 (2.50 GHz) va
RAM 16 GB. Céc tham sb ctiia md hinh duoc lya chon theo cong bd géc hoac duoc xac
dinh thong qua cac thuc nghiém so bd trude khi tién hanh danh gia chinh thure.

3.2. Panh gia két qua thwe nghiém
3.2.1. Két qua thiee nghiém 1

Két qua thyc nghiém 1 dugc trinh bay trong Bang 1 véi hai chi s danh gia 1a Q.
va Qg. Quan sat cho thdy DATFuse (trong md hinh MDMFusion) dat két qua cao nhat
& ca hai chi s6, véi Qu = 0,27243 va Qp = 6,48848, vuot trdi so v4i cac phuong
phap T,—T,. Trong nhém cic phuong phap so sanh, T; co Qpy; thap nhat trong nhom,
V61 Qprr = 0,19546 va Qp = 4,28925, trong khi cac phuong phap T,, T va T, c6 gia
tri twong ddi gan nhau. Cy thé, T, dat Qy;; = 0,26608, cao hon so véi T; va Ty, tuy
nhién gi tri Q¢ van thip hon dang ké so véi DATFuse. Két qua nay cho thiy DATFuse
khong chi cai thién kha nang bao toan cuong do sang ma con nang cao lugng thong tin
trong anh téng hop.

3.2.2. Két qua thie nghiém 2
3.2.2.1. Banh gia truc quan

Danh gia chat luong thi gidc phan dnh lwong thong tin co gia tri chan doan ma
ngudi quan sat c6 thé khai thac tir cac phuong thirc anh ngudn va la mot tidu chi quan
trong dé danh gia cac phuong phéap tong hop anh y hoc phuc vu chan doan 1am sang dwa
trén hinh anh. Pé thuc hién phan tich so sanh, chung t6i lya chon ngéu nhién 01 cip anh
tong hop dugc tao ra boi mudi phuong phap tong hop tiéu biéu tir bo dir liéu MRI-CT;
két qua duoc trinh bay trong Hinh 5. Ddi véi mbi cip anh, mot ving quan tim tai ciing
vi tri giai phau duoc cit va phong dai dé quan sat chi tiét.

Hinh 5 minh hoa két qua tong hop cho cdp anh mirc xam (truong hop #009), dai
dién cho bo dit liéu MRI-CT. Céac phuong phép P, Py, P; va P, tao ra cac anh tong hop
c6 do sang va do twong phan suy giam 1d rét; trong khi Py van duy tri dugc do sang
tuong dbi tot nhung xuat hién hién twong mat twong phan dang ké. Pang cha ¥, cac ving
vo6i hoa tang dam d¢ trén anh CT bi méat hoan toan trong két qué ciia Py va gan nhu khong
con xuat hién trong P, va P,. Bén canh d6, nhiéu chi tiét giai phau quan trong tir anh
MRI ngudn bi suy giam dang ké trong két qua ciia Pg, Py va P3. Mic du cac phuong
phap Py, P;, Ps va P bao toan do sang, do trong phan va cac chi tiét quan trong cta anh
dau vao tot hon so voi P, Py, P, va Py, chat lwong thi gidc tong thé ciing nhu kha ning
duy tri cac dic trung ndi bat cia chung van kém hon 15 rét so voi phuong phap
MDMFusion dugc dé xuét.
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Bang 1. So sanh DATFuse véi cac

giai thuit thay thé
Ky hi¢u QumL Qk ,oo-m —
Ty 0,19546 | 4,28925 M I I |I I
Ty 0,25606 | 4,25989
Ts 0,26349 | 4,27128 | o oo vy ey ey sy e
T, 0,26608 | 4,26663 | a2
MDMFusion | 0,27243 | 6,48848

HEIJW

Frame CT Frame 6 Frame 7 Frame 8 Frame 9 Frame 10
Hinh 5. So sanh true quan va cac lat cit
cta cac anh tong hop

3.2.2.2. Danh gia khach quan
Bang 2. So sanh MDMFusion v6i cic phwong phap tong hop anh

Ky hiéu Giai thuft Qi Qg Qi Q4B/F
Py CNP NSST 0,24530 | 4,77408 | 2,48253 0,55075
P, MLMG PCNN 0,23981 | 4,84915 | 2,59324 0,37595
P; DTNP NSCT 0,25534 | 4,97451 2,53026 0,54459
P, AGPCNN 0,19741 | 5,26739 | 2,00897 0,50340
Ps IDCPCNN 0,25714 | 5,01937 | 2,52228 0,53891
P DCRNN 0,25119 | 4,70098 | 2,52993 0,53906
P; FATFusion 0,12956 | 4,69403 2,96910 0,40324
Pg MDHU 0,26953 | 4,06632 | 3,31451 0,57693
Py MACTFusion 0,19254 | 4,57308 | 2,46191 0,39151

MDMFusion 0,27243 | 6,48848 | 2,54383 0,48593

Béng 2 trinh bay so sanh dinh luong giita mo hinh MDMFusion dé xuat va chin
phuong phap tong hop anh tién tién tir P;dén Py trén bo dit liéu MRI-CT théng qua bén
chi s6 danh gia gdm Q1. Qr, Quy va Q4B/F. Két qua cho thAy MDMFusion dat hiéu
qué canh tranh va thé hién wu thé 16 rét & kha ning bao toan do sang va lugng thong tin
ctia anh tong hop.

Cu thé, véi chi sb Qu1r» MDMFusion dat gia tri 0,27243, cao nhat trong tat ca cac
phuong phap dugc so sanh. Két qua nay vuot qua MDHU (0,26953), IDCPCNN
(0,25714) va DTNP_NSCT (0,25534), dong thoi cao hon so véi cac phuong phap
AGPCNN (0,19741), MACTFusion (0,19254) va FATFusion (0,12956). Diéu nay cho
thdy MDMFusion c6 kha nang bao toan cudng d6 sang cua anh dau ra hiéu qua.

24



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC P-ISSN 3030-4628
Hong Duc University Journal of Science E-ISSN 3030-4636

i véi chi s6 Qr, MDMFusion dat gia tri 6,48848, cao vuot trdi so voi tAt ca céc
phuong phap con lai. Trong khi phuong phap AGPCNN dat gié tri cao nhit trong nhom
so sanh voi 5,26739, cac phuong phéap khac cha yéu dao dong trong khoang tir 4,0 dén
5,0. Két qua nay cho thay anh téng hop cia MDMFusion chira lugng thong tin 16n hon
dang ké so véi cac phuong phap so sanh.

O chi s6 Qy;, MDMFusion dat gia tri 2,54383, cao hon nhiéu phuong phap nhu
CNP_NSST (2,48253), AGPCNN (2,00897), DCRNN (2,52993) va MACTFusion
(2,46191). Tuy nhién, két qua nay van thdp hon mot sé phuong phap nhu FATFusion
(2,96910), MDHU (3,31451) va MLMG_PCNN (2,59324). Piéu nay cho thiy mic du
chua dat gia tri cao nhét vé thong tin twong hd, MDMPFusion van duy tri dugc luong
thong tin dang ké tir cac anh ngudn trong qua trinh tong hop.

Dbi v6i chi s6 Q4B/F, MDMFusion dat gia tri 0,48593, cao hon FATFusion
(0,40324) va MACTFusion (0,39151), tuy nhién van thip hon cac phuong phap nhu
MDHU (0,57693), CNP_NSST (0,55075) va DTNP_NSCT (0,54459). Két qua nay cho
théy mé hinh dé xuét dat hiéu qua tuong dbi tot trong vi¢c bdo toan thong tin bién, mac du
van con khoang cach nhat dinh so v6i mét sé phuong phap chuyén sau vé bao toan canh.

Nhin chung, MDMFusion cho thdy hiéu qua néi bat trong viéc bao toan do sang
va gia ting lugng thong tin cta anh tong hop, dong thoi duy tri kha niang luu giir thong
tin tir anh ngudn ¢ mic canh tranh. Mic du hiéu qua bao toan thong tin twong hd va
thong tin bién chua dat mirc tdi wu so voi mot sé phuong phép tién tién khac, két qua
thuc nghiém van khang dinh tinh hiéu qua va tiém nang Gng dung ctia mé hinh dé xuat
trong bai toan tong hgp anh y hoc.

4. KET LUAN

Trong bai béo nay, chung t6i da dé xudt MDMFusion, mdt mo hinh tong hop anh
y hoc méi cho bai toan tong hop anh MRI va CT dua trén phéan rd da mic MIDTE, mb
hinh hoc sau DATFuse va mang no-ron xung cai tién mPCNN. Phuong phap dé xuat tan
dung wu diém ctia THF va EGIF trong qué trinh phan 14 nham cén bang giita kha ning
khir nhiéu va bao toan chi tiét, dong thoi sir dung DATFuse dé nang cao chat luong tong
hop thanh phan co s& va mPCNN d¢ cai thién kha ning bao toan thong tin bién va cau
tric trong cac thanh phan chi tiét. Két qua thuc nghiém trén bo dir liéu MRI-CT cho
thAy MDMFusion dat hiéu qua t6t trong viéc bao toan cudng do sang, duy tri théng tin
tir anh ngudn va cai thién chét luong thi gidc ciia anh tong hop. So v6i nhidu phuong
phap tong hop anh tién tién hién nay, mé hinh dé xuét cho thdy kha ning canh tranh r&
rét, ddc biét & cac chi s& Quy; va Qp. Mic du dat duoc nhing két qua kha quan, phuong
phép dé xuat van con han ché, dic biét & kha ning bao toan thong tin bién (chi sb Q4B/F
thip hon MDHU, CNP_NSST va DTNP_NSCT) va thong tin twong hd (Quy). Trong cac
nghlen ctru tiép theo, ching t6i s& tap trung cai thién chién luoc tong hop thanh phan chi
tiét, ti wvu do phuc tap tinh toan va mé rong danh gia trén nhiéu bo dir liéu y hoc da
phuong thirc khac nham nang cao kha ning tmg dung thyc tién ciia mé hinh.
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