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GIAlI THUAT TONG HQP HINH ANH Y HQOC DUA TREN COA
VA CAU TRUC TENSOR

Lé Thi Hong Hat, Nguy&n Hoang Long?, Lé Pinh Nghiép?
TOM TAT

Tong hop hinh dnh y hoc déng vai tro quan trong trong chdan dodn bénh dya trén hinh
anh. Tuy nhién, c&c gidi thugt hién tai thurong gép nhwoc diém nhw mat théng tin va suy giam
cwong dj sang. Bai bdo nay dé xuat mét gigi thudt méi nham khdc phuc cac van dé trén. Anh
ddu vao dwroc phan ra thanh céc thanh phan tan sé thdp va tan sé cao bang céc bé loc huwéng
ddn vong quay va Gaussian. Thanh phan tan sé cao dwot tong hop bang cau tric Tensor két
hop ham néng lirong cuc bé, trong khi tan sé thap durot tong hop bang ludt tong hop thich nghi
dira trén COA. Thr nghiém trén 36 cap anh MRI/PET cho thdy phirong phdp ndy vieot tréi so
Véi ndm gidi thudt cong bé tir 2020-2024.

Tir khoa: Cau tric Tensor, COA, tong hop hinh dnh y hoc.
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1. PAT VAN BE

Téng hop hinh anh'y hoc giit vai trd quan trong trong chian doan hinh anh, gitip bac si
phan tich va danh gia chinh xac thong tin tir nhiéu loai hinh anh nhu MRI (Magnetic
Resonance Imaging), CT (Computed Tomography), PET (Positron Emission Tomography),
SPECT (Single-Photon Emission Computed Tomography). M&i loai hinh anh déu c6 uu,
nhuoc diém riéng, do d6 viéc két hop ching mang lai hiéu qua cao, rit ngan thoi gian chan
doan va cai thién do chinh xac. Cac cap hinh anh thuong duoc tdng hop trong y hoc bao
gém MRI-PET, MRI-CT, MRI-SPECT, MRI-T1 v6i MRI-T2 [1].

Céc nghién ciu vé tong hop hinh anh y hoc tap trung vao ba phwong phap chinh [2]:
(1) Phuong phap dya trén mién khong gian: Ap dung cac quy tic tong hop truc tiép 1én diém
anh, khéi, hoic vang cua anh nguon. Phuong phép nay c6 vu diém tinh toan don gian nhung
dé mat thdng tin quan trong nhu canh, gay bién dang quang phd hoic méo cau tric anh, do
d6 it dugc st dung trong nhimg nim gan day [1,3]. (2) Phuong phéap dua trén mién bién doi:
L& céch tiép can hiéu qua, chi phi thap, bao gom hai nhanh chinh: bién ddi da ty I¢ va biéu
dién thua. Qua trinh tong hop gom ba budc: phan ra, tong hop anh, va bién doi nguoc. (3)
Phuong phép hoc sau: Xuat hién gan day, thu hat sy chd y nho kha nang tong hgp manh mé.
Tuy nhién, phwong phap nay yéu cau dit liéu huan luyén 16n, thoi gian dao tao dai va chi phi
tinh toan cao. Khi dir liéu khong di, ¢6 chinh xac cua thuat todn c6 thé giam dang ké [4].

! Khoa Céng nghé théng tin va Truyén thong, Truong Bai hoc Hong Pirc; Email:lethihongha@hdu.edu.vn
2 Trung tam Cong nghé thong tin va Truyén thong, Truong Dai hoc Hong Pirc
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Phét trién mo hinh tong hop hinh anh sir dung céc giai thuat téi wu dé bao toan théng tin
va cai thién chat luong anh dang 1a mot hudng nghién ctiu thu hit nhiéu sy chd y [5-8]. Trong
bai bao ndy, chiing t6i & xuat mé hinh tong hop hinh anh y hoc dua trén giai thuat téi uu COA
(Coatis Optimization Algorithm) két hop véi ciu tric Tensor (Structure Tensor - ST). M6 hinh
nay tap trung vao nang cao chat luong anh, bao toan thdng tin canh va cac dic trung quan
trong. Pong gop chinh cia nghién cau bao gom:

Dé xuit mot phuong phap tong hop hinh anh méi ning cao chat lugng hinh anh téng
hop, bao toan thong tin canh va dic trung vuot troi So Vi cac giai thuat da cong bo;

Dé xuat mot quy tic tong hop thich nghi dé tong hop cac thanh phan tan s thap.

Céu tric bai bao: Phan 2, giéi thiéu phuong phap phan ra két hop RGF (Rolling
Guidance Filter) va GF (Gaussian Filtering), COA va ST. Phan 3, trinh bay chi tiét cach tiép
can tong hop hinh anh dwoc dé xuat, thiét lap céc thuyc nghiém va phan tich, danh gia két
qua. Phan 4, két luan va dinh hudng phét trién trong tuong lai.

2. KIEN THUC NEN TANG
2.1. Phan rd RGF-GF

Bo loc bao toan canh duoc tng dung rong réi trong tong hop hinh anh nho kha nang
Iwru giir théng tin canh quan trong khi lam min. Nghién ctiu nay két hop GIF (Guided Image
Filtering) va GF dé tan dung wu diém cua ca hai: GF loai bo nhidu hiéu qua, GIF bao toan
chi tiét canh. Su két hop tao nén RGF, cai thién kha niang khir nhidu va bao toan thong tin
anh, dong thoi giam quang sang quanh canh, nang cao chat lwong hinh anh,

Hinh 1. thé hién qué trinh phan ra anh d& xuét trong céng b [9] va duoc ching toi st
dung trong thyc nghiém.

G1

1Hq IHa
Hinh 1. Qué trinh phan ra RGF-GF
2.2. Giai thuit téi wu COA

COA 1a mot trong nhitng giai thuat metaheuristic mai nhat, dugc dé xuat nam 2023
béi Mohammad Dehghani at al. [10]. COA mé phong hanh vi théng minh cta cac Coatis
gom 2 pha: Pha 1: sin va tdn cong con moi; Pha 2: d6i mit va thoat khoi ké san moi. M6 ta
cac buéc cua COA dugc minh hoa trong Hinh 2.
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[ Buéc 1. Khoi tao cac tham sé NC, d, R, n=k=1 va V,, ]

[ Bwée 2. Xay dwng vector ham muc tiéu FC ]

[devc 3.1. Cap nhat vi tri tdi wu]

Yes N~ No
!
[Bu’(rc 3.4. Cap nhat vj tri ngdu nhién cua cac Coatis]
!
(r=n+1]«—{ Busc 3z Tinn v, |
=1 No Yes [E

Yes

n=n+1 l

[ Bwére 3.9. Luru vi tri tét nhat ]

No Yes =|
[ Bwéc 4. Tra vé gia tri va vi tri téi wu ] o "n::1

Hinh 2. M0 ta gii thuat COA [8]
2.3. CAu trac Tensor

Pic trung do déc duoc xac dinh thdng qua su chénh léch gitra cac diém anh, tac 1a
dao ham huéng dau tién. Trong hinh anh y hoc véi sy da dang vé dit liéu, dic trung nay co
kha nang phan &nh chinh xéac cac cau tric quan trong nhu canh, bién. Gan déy, cau tric
tensor da ndi 1én nhu mot cdng cu hitu hiéu dé phan tich dic trung d6 dbc cuc bo va dugc
ap dung rong rai trong cac linh vyc nhu phan tich hinh anh y hoc [11], xu ly anh [12],...
Trong téng hop hinh anh y hoc, Li va cong su [13] d4 st dung cAu trdc tensor két hop voi
nang luong cuc bo dé phat trién mot thuat toan tong hop cac thanh phan tan sé cao.

Cho ma tran anh I, ST duoc dinh nghia theo cong thuc (1).

z E? Z EE;
w

ST =]
ZEiEj ZEJ-Z
w w
Trong do:

w 1a mét cira s6 cuc bo;
E; va E; lan luot 13 cac dao ham riéng theo hudng i va j.

1)
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C4c gi4 tri riéng cua cAu trdc tensor cung cip thdng tin bd sung vé hinh hoc cuc bo
cua hinh anh dau vao. Céc gia tri riéng (v, va v,) duogc tinh theo céng thuc (2) va (3):

vy = % ZEiZ + Z Ef + (Z Ef - ZEJ'Z)Z +4 <Z EiEJ')Z 2)
v, = % z E7 + ZEJ'Z - (Z Ef - Z EJ'Z)Z + 4(2 EiEj)z (3)

w

Toan tir phat hién dic trung ndi bat caa ciu trdc Tensor (STSDO - Structure tensor
salient detection operator) dugc tinh bang cong thuc (4):

STS = (v +v,)% + 0.5(v; — v,)2 4)

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Giai thut dé xuét

So d6 giai thuat tong hop hinh anh dugc minh hoa trong Hinh 1.

Pau vao: Cac hinh anh Iz, Va Ipgr

Pau ra: Hinh anh F,

Budc 1. Bién ddi anh Ipg; sang khong gian mau YUV, thu duoc B.

Budc 2. Tién xir 1y anh Iz, bang giai thuat ting cudng cuong do sang va do sic nét
co ban thu dugc anh I,

Budc 3. Ap dung giai thuat phan ri RGF-GF dugc gidi thiéu ¢ phan 2.1. véi 2 anh
xam I, va B thu dugc cac thanh phan tan sé thap B;, B, va cac thanh phan tan sé cao
D11, D2, D21:Dgz- o . .

Budc 4. Tong hop céc thanh phan tan s6 cao stir dung phuong thic két hop gitra cau
tric ST da giGi thiéu trong 2.3 va toan tir ning lugng cuc bd c6 trong sb (Weighted Local
Energy - WLE) theo cac cong thac (5-7):

Fp, = ST_WLE (D11, D31) ®)
Fp, = ST_WLE ( Dy3,Dy;) (6)
CFy=Fp 4F, (7

Budc 5. Tong hgp thanh phan tan so thap theo phuong trinh (8):
Fg =p, * By + p, * B, )

Véi p,, p, atham sb tdi uu tim dugc bang cach sir dung giai thuat COA dugc md ta & phan
2.2 v6i ham muc tiéu f dugc mo ta trong cong thac (9).

f _ log(log(S*N)*(E1—E;) (9)
H*W+ME

trong 40, H,, H, lan luot |4 gia tri entropy ctia anh I va lpet, H va W sd kich thudc cua anh
t6ng hop, ME 1a mean cua anh tong hop, S va N la téng do 1on canh cua hinh anh va sé diém
canh caa hinh anh thu dugc bang cach ap dung bo phét hién canh Sobel.
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Budc 6. Xay dung lai anh tdng hop tir cac thanh phan da duoc téng hop & budc 3 va
budc 4 theo cong thuc (10): F;, = Fp + Fg  (10)
Budc 7. Bién d6i anh sau tong hop sang khong gian mau RGB, thu duoc anh Feotor-

Hinh 3. So d giai thuat téng hep hinh 4dnh da dé xuét

3.2. Thiét Iap thuc nghiém

3.2.1. Dit liéu thuc nghi¢m

Ching i tién hanh thuc nghiém trén 36 cap anh y té mé ta ndo bo theo ba truc:
Coronal (C), Sagittal (S) va Transaxial (T). Cac cap anh, dugc danh s6 tir 075 dén 086, duoc
lay tir bo dir lieu hinh anh y hoc cuia Harvard® [14].

3.2.2. Chi s6 dénh gid

Céc chi s duoc sir dung dé danh gia hidu qua cia cac giai thuat bao gom: chi sé cuong
d6 sang Q4,;, 4o twong phan Q.;, d6 sic nét Q,., bao toan canh Q48/F [15], danh gia do
tuong tu dac trung Qg [16] va danh gia muc do bao toan dac trung Qp [17].

3.2.3. Cac giai thudt so sanh

Bang 1. CAc giai thuat dwoc sir dung dé so sanh véi COA_ST (G6)

STT|  Giai thuat Ky hiéu |Nam
1 |CNP_NSST [18] Gl |2020
2 [MLMG_PCNNT19]| G2 |2020
3 |DTNP_NSCT [20] G3 |2021
4 |THF_CSR [21] G4  |2024
5 |[JBF_LGE [13] G5 |2021

3 https://www.med.harvard.edu/aanlib/cases/caseNA/pb9.htm
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3.2.4. Mo ta thuc nghiém

Dé danh gia va so sanh hiéu qua cua giai thuat COA_ST duogc dé xuat véi nam giai
thuat duoc liét ké trong Bang 1, ching toi thuc hién cac thuc nghiém trén 36 cap anh y té da
duoc md ta trong muc 3.2.1. Céc thuc nghiém duoc trién khai trén nén tang MATLAB
R2022b, st dung may tinh ca nhan (PC) véi bo vi xt ly Intel(R) Core(TM) i5-8365U
1.60GHz CPU.

3.3. Panh gia két qua thuc nghiém

083T_1 083T_2

Hinh 4. Két qua téng hop ciaa cip anh 083T

Anh téng hop cua cac giai thuat duoc minh hoa trong Hinh 4 va két qua danh gia
khéch quan duoc trinh bay trong Bang 2. Giai thuat tong hop COA_ST (G6) dat gi4 tri cao
nhét trén ca sau chi s6 danh gia. Diéu nay ching minh rang giai thuat dugc dé xuit tao ra
hinh anh téng hop ¢6 chat lugng cao, bao toan thong tin tét hon so véi cac phwong phap
t6ng hop hinh anh duogc sir dung dé so sanh.

Bang 2. Két qua cac chi s6 danh gia ciia sau giai thuat

STT | Giai thuft Qarr Qcr Qac QAB/F Qrsim Qp
1 G1 0,30698 0,32319 0,08577 0,71886 0,92804 0,55159
2 G2 0,32455 0,33809 0,07271 0,59636 0,87154 0,37566
3 G3 0,31673 0,32853 0,08338 0,72515 0,93844 0,57660
4 G4 0,32807 0,33809 0,08136 0,72679 0,93661 0,56004
5 G5 0,32592 0,33626 0,08160 0,73443 0,95132 0,63011
6 G6 0,33590 0,35281 0,10395 0,74233 0,95421 0,64109
4. KET LUAN

Chung t6i dé xuat mot giai thuat tong hop hinh anh y hoc mai, dua trén sy két hop cua
phan rd RGF-GF, COA va ST. Anh dau vao duoc phén ré thanh ba thanh phan si dung phén
rd RGF-GF. Thanh phan tan s6 thap duoc tong hop bang quy tac thich nghi dwoc xay dung
dua trén COA, trong khi céc thanh phan tan s6 cao duoc tong hop dua trén sy két hop gitra
ST va WLE. Thuc nghiém dugc tién hanh trén bo dir liéu gdm 36 cap anh MRI/PET. Két
qua cho thay giai thuat dé xuat khong chi cai thién chat luong hinh anh va do tuong phan
ma con bao toan tot thdng tin, cac canh, va duong bién cua hinh anh, vuot tréi hon so voi
cac phu’o‘ng phap hién dai di dwoc cong bb. Bé dat hiéu qua cao hon, chung to1 dinh hudng
cai tién giai thuat theo ba khia canh chinh: (1) Nang cao chat lugng anh dau vao. (2) Phat
trién giai thuat phan ra hiéu qua hon nham bao toan tét hon cac thanh phan ciu tridc. (3) Xay
dung quy tic tong hop hiéu qua hon cho cac thanh phan tan sé cao.
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A MEDICAL IMAGE FUSION ALGORITHM BASED ON THE COA
AND TENSOR STRUCTURE

Le Thi Hong Ha, Nguyen Hoang Long, Le Dinh Nghiep
ABSTRACT

Medical image fusion plays a crucial role in image-based disease diagnosis.
However, current algorithms often face challenges such as information loss and intensity
degradation. This study presents a novel algorithm designed to address these issues
effectively. The input images are decomposed into low-frequency and high-frequency
components using RGF-GF. The high-frequency components are fused through a Tensor
structure integrated with a weighted local energy function, the low-frequency components
are merged using an adaptive fusion rule based on the COA. Experimental results on 36
pairs of MRI/PET images demonstrate that the proposed method delivers superior
performance compared to five state-of-the-art algorithms published between 2020 and 2024.

Keywords: Tensor structure, COA, medical image fusion.
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