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MO PAU
1. Ly do chon dé tai

Tdéng hop hinh anh y hoc (Medical Image Fusion) 1a qué trinh tich hop
thong tin tir nhiéu anh thu nhan béi mot hodc nhidu phuong thic chan doan
nham tao ra anh dau ra chtra nhiéu thong tin hiru ich hon so vdi timg anh
ngudn riéng 1&. Viéc tich hop dong thoi cac thong tin giai phau va chirc ning
gilip nang cao chit lugng biéu dién ton thwong va hd trg chan doan.

Do khac biét vé& nguyén 1y tao anh, mdi phuong thirc chi phan anh mot
khia canh nhét dinh cta d6i tuong. Anh MRI cung cip thong tin giai phau
v6i kha nang biéu dién mo mém tt va do phan giai khong gian cao; anh PET
va SPECT phan anh cac dic trung chtic nang va chuyén hoa ciia mo thong
qua phéan b chat danh dau phong xa. Vi vay, viéc sir dung riéng 1é timg loai
anh thuong kho phan anh dy du tinh trang bénh 1y.

Céc phuong phap hién nay duoc chia thanh hai hudng: dua trén bién
d6i anh va dya trén hoc sau. Cach tiép can truyén thong phy thudc dang ké
vao k¥ thuat phan ra, chién lugc tong hop va lua chon tham sd, nén viéc duy
tri dong thoi d6 sang, d6 trong phan va dic trung bién chua dat nhu ky vong.
Trong khi d0, cac phuong phap hoc sau thudng yéu cau chi phi tinh toan cao,
dit liéu hudn luyén 16n va han ché vé tinh giai thich.

Trén co sé do, luan an dinh huéng xay dung phuong phap téng hop
anh hiéu qua, dam bao chit luong anh va kha ning kiém soat tt. Cach tiép
can dugc dé xuit két hop gitia phan ra anh dya trén bo loc bao toan bién va
cac thuat toan tdi wu, tap trung vao: (i) xay dung quy tic tong hop thich nghi
cho thanh phan co sé; va (ii) thiét ké chién lugc tong hop hiéu qua cho thanh
phin chi tiét nhdm can bang gitra thong tin ciu trac va chi tiét.

2. Muc tiéu nghién ciru
2.1. Muc tiéu chung

- Pé xuat phuong phap téng hop anh y hoc duwa trén phan ri anh va
chién lugc tong hop thich nghi, nham cai thién chat lugng anh tong hop va
tang cudng kha ning bao toan thong tin bién va cau tric tir anh ngudn.



2.2. Muc tiéu cu thé

- Nghién ctru va phat trién phuong phap tong hop anh y hoc két hop
bo loc bao toan bién va thuat toan tdi uvu nham cai thién do sang, do tuong
phan va kha ning bao toan bién cta anh ngudn.

- Nghién ctru va xay dung mé hinh tong hop anh y hoc dua trén phan
ra ba thanh phan va chién lugc tong hop thich nghi dé nng cao hiéu qua tong
hop va bao toan cac thong tin quan trong.

3. N¢i dung

- Nghién ctru bai toan téng hop anh, cac phuong thirc anh y hoc, cac
phuong phap phén rd va bién d6i anh, cac chién lugc tong hop, cac thuat toan
t6i wu, ham nang luong va cac tiéu chi danh gia chat luong anh.

- Téng quan cac nghién ciru lién quan, x4c dinh wu nhugc diém va
khoang tréng nghién ctru, tir d6 xac dinh hudng tiép can phu hop.

- Bé xuat phuong phép tong hop anh y hoc dwa trén bo loc bao toan
bién két hop thuét toan t6i wu dé nang cao chét luong anh tong hop va kha
ning bao toan thong tin tir anh ngudn.

- Trién khai thuc nghiém trén cac by dit liéu MRI-PET va MRI-

SPECT.

- Panh gia va so sanh cac phuong phap dé xuét voi mot sé phuong
phap tong hop anh tiéu biéu cong b tir 2020 dén 2025.

4. P6i twong va pham vi nghién ctru
4.1. Déi twong nghién ciru

- Bai toan téng hop anh y hoc; cac phuong thirc anh MRI, PET va
SPECT.

- Cac ky thudt phan ra anh, trich xuét dic trung va chién luoc téng
hop.

- Céc thut toan tdi uu, bd loc bao toan bién, ciu tric tensor, ham nang
lwong; cac tiéu chi danh gia chit lwong anh.

4.2. Pham vi nghién ciru

- Bai toan tong hop anh y hoc da phuong thic MRI-PET va MRI-

SPECT.



- Khao sat cac ky thuat phan ra anh va chién lugc tong hop theo huéng
ci thién chét lugng anh dau ra va bao toan thong tin tir anh ngudn.

- Thyc nghiém trén anh ndo hai chiéu thu thap tor The Whole Brain
Atlas; két qua duoc dbi chiéu véi cac phuong phap tong hop anh y hoc tiéu
bicu.

5. Phwong phap nghién ciru

Phuong phap nghién ctru 1y thuyét; Phuong phap nghién ctru thuc
nghiém; Phuong phép chuyén gia
6. Nhi’rng‘d()ng gop chinh cia ll}@n an

- bé xuat phuong phap tong hop hinh anh y hoc IEXDoG_COA
(Improved Extended Difference-of-Gaussians — Coati Optimization
Algorithm), két hop bd loc bao toan bién WMCF (Weighted Mean Curvature
Filter) dé phén rd anh, thuat toan ASR_COA sir dung tdi uu hoéa COA dé
tong hop thich nghi thanh phan co so va thuét toan XDoG_ST LE dua trén
b loc XDoG cai tién dé tong hop thanh phén chi tiét, nham cai thién do sang,
d6 twong phan va ning cao kha ning bao toan cac dic trung bién, cau tric
ctia anh ngudn. Két qua duoc cong bd trong [CT1], [CT2], [CT4].

- Pé xuat phuong phap tong hop hinh anh y hoc SNM (SSFRG +
NRBOFA + MLRFA), két hop k¥ thuat phan rd SSFRG v6i thuit toan tong
hop thanh phan co s NRBOFA va thuat toan tong hop thanh phan chi tiét
MLRFA, nhim nang cao chét lwong anh tong hop va ting cudng kha ning
bao toan cac thong tin quan trong tir anh ngudn. Két qua duge cong bd trong
[CT3].

7. Céu triic ciia luin 4n

Bén canh phﬁn M6 dau, Két luan va Danh muc tai liéu tham khao, luan
an duogc ciu tric thanh ba chuong:

Chuong 1. Téng quan va co s& Iy thuyét.

Chuong 2. Phuong phép tong hop hinh anh y hoc dya trén phén ra hai
thanh phéan bao toan bién.

Chuong 3. Phuong phap tong hop hinh anh y hoc dya trén phan ra ba
thanh phan va trong s6 thich nghi.



Chuong 1. TONG QUAN VA CO SO LY THUYET
1.1. Téng hgp hinh dnh y hec

Téng hop anh y hoc 1a k¥ thuat tich hop thong tin tir nhiéu anh dugc
thu nhan tr mot hodc nhiéu phuong thure chan doan hinh anh nham tao ra
anh dau ra chira nhiéu thong tin hon, dong thoi bao toan cac dic trung quan
trong phuc vu chan doan. Bén phuong thirc anh thudng gap gém CT, MRI,
PET va SPECT; trong d6 CT va MRI 14 anh cau triic, con PET va SPECT la
anh chtrc nang. Cac nghién ctru tap trung vao tong hop cac cap anh da phuong
thirc nhu MRI-CT, MRI-PET va MRI-SPECT nham két hop hi¢u qua thong
tin giai phau va thong tin chic ning.

Téng hop anh y hoc ¢6 nhiéu tng dung, dién hinh 13 hd tro chan doan
bénh Alzheimer va céc bai toan phat hién, phan doan, phan loai khdi u. Viéc
két hop ddng thoi cac dic trung cdu trac va chirc ning gitp nang cao kha
nang phan tich ctia cac hé théng hd tro chin doan hién dai.

1.2. Céc nghién ciru lién quan dén tong hop hinh anh

Céc phuong phap téng hop anh y hoc chii yéu phat trién theo hai
hudng: phuong phap dua trén bién d6i anh va phuong phap dua trén hoc su.
1.2.1. Phwong phdp dwa trén bién doi anh

Y tuwéng chung 14 phan rd anh ngudn trong cic mién biéu dién khac
nhau, tong hop trén cac thanh phan dic trung va tai tao anh qua phép bién
d6i ngugc. Cac phuong phap phan rd thudng dugc chia thanh ba nhom: bién
doi da ty 1& (MST) gdm bién do6i kim tyr thap, Wavelet va phan tich hinh hoc
da ty 1¢ (NSCT, NSST); phuong phép dua trén b loc (phén ra hai hodc ba
thanh phan); va phuong phap dua trén biéu dién thua (SR). Viéc tong hop
cac thanh phan co s& va chi tiét dugc thuce hién bang nhiéu chién luoc tir quy
tac don gian (trung binh, cyc dai) dén cac phuong phép khai thac ning luong,
t6i wu héa va mé hinh no-ron sinh hoc (PCNN va céc bién thé).

1.2.2. Phwong phap dwa trén hoc sdu
Céc kién trac CNN, Autoencoder, GAN va Transformer duoc vin

dung nham khai thac théng tin tir dit liéu anh da mé thire. CNN manh ¢ dic



trung cuc bd, Transformer manh ¢ ngit canh toan cuc, GAN tao anh c6 do
chan thuc cao; cac m hinh lai CNN—Transformer két hop wu diém ctia nhiéu
kién trc. Tuy nhién, cac mo hinh hoc sau thuong doi hoi dir licu huén luyén
quy md lon, chi phi tinh todn cao va kho gidi thich. Do dd, cac phuong phép
dua trén phan ra anh két hop t6i wu hoa van 1a hudng nghién ctru tiém ning.
1.3. Han ché ctia mét s6 phwong phap da cong bo

Tir khao sat, c6 thé nhan thiy ba van dé trong tim can tiép tuc nghién
ctru. Tht nhét, cac phuong phap phan ra dua trén bo loc trung binh va bé loc
song phuong kho duy tri day du chi tiét hinh hoc va ranh gidi cu tric, trong
khi NSCT va NSST ¢6 chi phi tinh toan 16n. Thit hai, cac chién luoc tong
hop thanh phan co s¢ dua trén quy tic don gian hodc ning luong con han
ché trong viéc duy tri déng thoi do sang, do tuong phan va tinh nhat quan
ciu trac. Thir ba, cac quy tic tong hop thanh phan chi tiét nhu ABS-Max
hoic cac bién thé PCNN chua bao toan tét thong tin bién, cu tric.

Xuét phat tir d6, luan an xay dung va phat trién hai mé hinh tong hop
anh y hoc IEXDoG_COA va SNM, két hop phan ri dua trén bo loc bao toan
bién v6i cac co ché tong hop thich nghi dua trén thuat toan t6i wu hoa, cau
truc tensor, gradient hinh thai da mac va nang lugng cuc bd.

1.4. Chi sb danh gis

Céc chi so danh gia dugc chia thanh 4 nhom chinh: (1) nhan thuc thi
giac (chi s6 cuong d6 sang Q1 va chi s6 do twong phan Qc; ); (2) 1y thuyét
thong tin (chi s6 thong tin twong hd Qy; va chi sb entropy thong tin twong
quan phi tuyén Qe ); (3) cdu trac (chi sb bao toan céu tric co trong sb
Qw); (4) dic trung (chi sb bao toan thong tin canh Qg, chi s6 do tuong tu diic
trung Qpsyy va chi sb dic trung dira trén phase congruency Qp). Hau hét cac
chi sb nhan gia trj trong [0, 1], gia tri cang cao thé hién anh tong hop cang
bao toan tot thong tin va dac trung tir anh ngudn.

1.5. Ciac kién thirc nén tang
Chuong trinh bay cac kién thirc nén tang phuc vu xay dung cic mo

hinh d¢ xuat, gom: hai thut toan toi wu Coati Optimization Algorithm



(COA) va Newton-Raphson-Based Optimizer (NRBO); cac bo loc WMCEF,
XDoG, RoG, SSIF va RGF; cling cac ciu triic va ham ning luong nhu ciu
tric tensor (Structure Tensor - ST), ndng lugng cuc bd (Local Energy -LE)
va todn tu gradient hinh thai da mtrc (Multi-Level Morphological Gradient -
MLMG).
1.6. B§ dir liéu thwe nghiém

Céac thyc nghiém duoc tién hanh trén ba bo dir liéu anh ndo thu thap
tur thu vién Harvard Whole Brain Atlas (AANLIB): b Normal Anatomy
with MRI/PET (ndo binh thuong, ba mat phéng T, S, C), bd Glioma MRI-
SPECT (u than kinh dém) va bo dit liéu bénh Alzheimer (MRI-SPECT). Cac
anh déu da duoc dong dang ky, bao dam tuwong ung khong gian giita cac
phuong thire.
1.7. Két luan chwong 1

Chuong 1 trinh bay tong quan bai toan tong hop anh y hoc da mo thic,
phan loai va phan tich vu nhugc diém cua timg nhom phuong phap, tir d6
xac dinh cac thach thirc va dinh huéng nghién ciru. Céc chi s6 danh gia chat
lugng anh, thuat toan tdi uu, bo loc, cAu tric tensor va ham nang lugng cling

dugc gioi thidu, tao co so Iy thuyét cho cac chwong tiép theo.



Chuong 2. PHUONG PHAP TONG HQP HINH ANH Y HQC DUA

TREN PHAN RA HAI THANH PHAN BAO TOAN BIEN
2.1. Giéi thi¢u

Bai toan bao toan dong thoi do sang, do tuong phan, thong tin bién va
cAu triic van 1a thach thirc. D6i v6i thanh phan co so, cac quy tac trung binh
hodc cuc dai d& 1am suy giam do twong phan hodc gay mat can bang thong
tin. D6i v6i thanh phan chi tiét, quy tic ABS-Max khé duy tri chi tiét tir anh
ngudn c6 cudng do thip. Trén co so do, chuong dé& xuit mé hinh
IEXDoG_COA véi cac dong gop: thuit toan tong hop thich nghi ASR_COA
cho thanh phan co s6; thuat toan XDoG ST LE cho thanh phan chi tiét; va
mé hinh IEXDoG_COA tich hop hai chién lugc trén.
2.2. M6 hinh tong hop hinh anh y hoec IEXDoG_COA

Mo hinh IEXDoG_COA x4y dung dua trén nguyén tic xir Iy tach biét
cac loai thong tin mang dic tinh khac nhau trong hinh anh y hoc, véi quy
trinh tong thé gdbm bdn giai doan chinh (md ta trong Hinh 2.1): tién xu 1y
(Budc 1 va Budce 2), phan rd anh du vao (Budc 3), tong hop cac thanh phan

(Budc 4) va tai tao anh téng hop (Bude 5 va Budc 6).

Bwéc 3 Ly Buwéc 4

Hinh 2.1. So' d6 khoi mé hinh IEXDoG COA

2.2.1. Thuit toan phian ra WMCF
Thanh phén co s& va chi tiét duoc xac dinh boi: L; = WMCF(I) va
HI = I - LI



2.2.2. Thuit toan t(g)ng’hq’p thanh phén chi tiét XDoG_ST_LE
XDoG_ST_LE ket hop bd loc XDoG (phat hién bién ndi bat), cau truc
tensor ST (mo ta thong tin dinh hudng va mic do ndi bat cta cu tric cuc
bd) va ning lwong cuc bd LE (phan anh mirc do bién thién cuong do). Cac
dic trung dugc két hop qua phép nhan Hadamard dé xay dung ban do quyét
dinh; bo loc hudng dan (GIF) dugc ap dung dé lam muot ban do va bao dam

tinh lién tuc khéng gian, han ché nhiéu va hién tugng gia tao.

XDoG_ST LE .-

Hinh 2.2. So do thudt todn tong hop thanh phan chi tiét XDoG ST LE

2.2.3. Thuit toan téng hop thanh phin co s ASR_COA

Thanh phan co s6 tong hop dugc xac dinh dudi dang t6 hop tuyén tinh
Lp = a X Ly + B X Ly trong d6 Ly, va Ly 14 thanh phan co s& ctia anh MRI
va anh PET/SPECT sau khi chuyén sang kénh xam; a va f 1a hai tham s6
can t6i wu trong mién € [0.9,0.999], 8 € [0.001,0.3]. ASR_COA st dung
COA dé xéc dinh bd tham s6 phu hop cho ting cip anh.

Ham muc ti€u CF duoc xay dung dua trén cai tién cac ham muc tiéu

trong cac nghién ciru trude, két hgp dong thoi bon tiéu chi: lwong thong tin



(entropy), d¢ sang trung binh, d¢ twong phan (dd 1&ch chu.'fln) va thong tin
bién (Sobel):
log(log(En(x) + ) X ne(x)) X (Ep(x) — Epy) X Crp(x)

H X W X Bp(x)

trong d6: Ey, Er 1a entropy cua Iy, va Ir; Bp 1a gia tri trung binh cta Ir; H, W

CF(x) =

1a kich thu6c cua I,,; n, 1a sb diém bién va E;,, 1a tong d6 manh bién (xac
dinh bang Sobel); Cr 1a d6 tuong phan, exp(1) gitp tranh trudng hop ddi sd
ctia ham logarit bang 0 khi anh c6 rét it hodc khong c6 diém bién. COA tim
(a, B) sao cho CF dat gia tri 16n nhat.

Hinh 2.1. So do thudt todn tong hop thanh phan co sé ASR_COA

2.2.4. D§ phirc tap cia thuat toan IEXDoG_COA

Giai doan tién xir 1y, phan ri WMCF va tong hop chi tiét déu co do
phirc tap 14 O(HW). Véi quan thé NC ca thé va R vong lap, ASR_COA co
d6 phtrc tap la: O(NC X R x HW). Do d6, d6 phirc tap ctia IEXDoG COA
laO(NC xR x HW); véitapp cap anh1a O(p X NC X R X HW).
2.3. Thiét 1ap va danh gia thuc nghiém

Téng cong 90 cap anh MRI-PET kich thudc 256 X 256, iy tir bo
Normal Anatomy, dugc chia thanh cac tap: D (3 cap 083T, 057S, 068C), Dr,
Dg va D¢ (mdi tap 30 ciip theo truc T, S, C). IEXDoG_COA (ky hiéu Gg)
dugc so sanh voi bay phuong phap tiéu biéu cong bd giai doan 2019-2024
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(G, — G,); COA dugc so sanh voi sau thuat toan téi uu DA, GWO, MVO,
ROA, SCA, WOA.

Thue nghiém 1 - Hiéu qua ctiia COA

Bang 2.6. Gid tri trung binh (Mean) va dé léch chuan (Std)

Thuat | Mean Std Mean Std Mean Std
toan | (x10%) | (x10%) | (x105) | (x10%) | (x10%) | (x10%)
Dir liéu 83T 578 68C
COA 5.573 0.008 5.584 0.011 5.544 0.037

DA 5.568 0.012 5.583 0.015 5.418 0.079
GWO 5.555 0.010 5.566 0.020 5.403 0.040
MVO 5.517 0.038 5.515 0.051 5.247 0.051
ROA 5.537 0.027 5.552 0.029 5.348 0.086
SCA 5.526 0.023 5.528 0.036 5.296 0.062
WOA 5.542 0.047 5.561 0.028 5.434 0.065

Béng 2.6 trinh bay gia tri trung binh va do 1éch chuan ciia CF qua 30

lan chay ddc lap. COA dat gié tri trung binh cao nhat va c6 do 1éch chuan
nho nhit, thé hién kha nang hoi tu tdt va tinh 6n dinh cao.

Thuwe nghiém 2 - Hiéu qua cia WMCF

WMCF dugc thay thé boi bdn bd loc bao toan bién khac (Bang 2.7);
WMCF dat gia tri tot nhat & Qy, Qg, Qrsiy VA Qp trén ca ba bo dir licu,
khéng dinh co s6 thyc nghiém cho viéc lya chon WMCEF.

Thue nghiém 3 - Hiéu quéa cia ASR_COA

ASR_COA dugc thay thé boi cac quy tic ABS-Max, INSML+WLE,
CNP, niang lugng hat nhan va trung binh (T; — Ts), danh gia theo Qy;; va
Qc;. Ts (twong mg voi quy tic trung binh) cho gi4 tri thap nhét; Gg dat két
quéa t6t nhét trén ca Dy, Ds va Do (Bang 2.8), khiang dinh vai trd ctia
ASR_COA trong nang cao do sang va do tuong phan.

Thue nghiém 4 - Hiéu qui cia XDoG_ST_LE

XDoG_ST LE duogc thay thé boi ABS-Max, INSML, SR, nang lugng
cuc bd va ciu trac tensor (C; — Cs), danh gia theo Qy, Qg, Qrsiy va Qp. Gg
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dat gi4 tri cao nhit trén tat ca cac chi s6 va ca ba tap dir liéu (Bang 2.9),
chug t6 kha ning bao toan chi tiét va cu triic vuot troi.
Bang 2.1. Két qud ciia thuc nghiém 2 (thay thé bé loc WMCF)
B¢ dir li¢u | M6 hinh | Qpyy Qcr Qw Qg Qrsim Qp
W;  10.36759]0.39883|0.85382(0.69055|0.91621|0.51960
W, 10.36528]0.39709|0.86200(0.69615|0.92664|0.53360
Dy W;  10.31572]0.34947(0.88010]0.71510(0.95996|0.58239
W, 10.30772(0.33715]0.87497|0.71218]0.96792|0.57756
Gg |0.35802(0.39144/0.88170(0.72528|0.96905|0.65548
W; 10.40143]0.36883|0.86787|0.71750|0.93746(0.57675
W, 10.40608]0.37174|0.87281|0.71942|0.94173|0.57804
Dg W;  10.37665]0.34930(0.88352]0.73267|0.95880|0.60859
W, 10.37376(0.34383]0.88057|0.72700]0.96197|0.60553
Gg 0.40242(0.36827|0.88743|0.75346|0.97995/0.68973
W;  ]0.35532{0.37043|0.90109]0.75448|0.94244(0.63305
W, 10.34909(0.36350{0.90560]0.75891|0.95004|0.64227
D¢ W, 10.31892(0.33493|0.91548|0.77294|0.97061|0.68190
W, 0.32201(0.33410(0.91371|0.76761|0.97267|0.67717
Gg |0.35574/0.36937(0.92164(0.79170|0.98423|0.74619
Bang 2.8. Két qua thue nghiém 3 (thay thé ASR_COA
TT [ Quu | Qi |Quu | Qo |Quu Qci
Dir liéu Dy Dg D¢
T; 0.31603 | 0.35002 | 0.35801 | 0.33488 | 0.32075 | 0.34011
T, 0.31148 | 0.34592 | 0.35408 | 0.33162 | 0.31755 | 0.33733
T3 0.29149 | 0.32848 | 0.33153 | 0.31322 | 0.29881 | 0.32150
T, 0.31417 | 0.34882 | 0.35633 | 0.33417 | 0.31810 | 0.33912
T 0.27571 | 0.32640 | 0.29231 | 0.31014 | 0.26725 | 0.31313
Gg 0.35802 | 0.39144 | 0.40242 | 0.36827 | 0.35574 | 0.36937
Thue nghié¢m 5 - Panh gia tong thé

Béng 2.10 cho thiy & ludn dat gia tri cao va 6n dinh, trong khi § nho
hon dang ké. Didu nay cho thdy thanh phan co s& cia anh MRI déng vai tro
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chi phéi trong tong hop mién tan s6 thap. Su 6n dinh ctia a va f trén cac tap
dir liéu khac nhau khang dinh tinh nhit quan ciia co ché t4i uu trong
ASR_COA.

Bang 2.9. Két qud thwe nghiém 4 (thay thé XDoG ST LE)

Dir li¢u | Thuit toan Qw Qc QFsim Qp
Cy 0.80013 | 0.67751 | 0.96292 | 0.57018
C, 0.08734 | 0.20572 | 0.60356 | 0.14056
D, Cs 0.83628 | 0.66895 | 0.95509 | 0.52030
Cy 0.00166 | 0.03403 | 0.44915 | 0.08430
Cs 0.72306 | 0.59954 | 0.92194 | 0.40283
Gg 0.88170 | 0.72528 | 0.96905 | 0.65548
Cy 0.81484 | 0.68789 | 0.96491 | 0.57382
Cy 0.12652 | 0.23222 | 0.60045 | 0.15825
D Cs 0.81208 | 0.65431 | 0.94954 | 0.48917
Cy 0.00196 | 0.01746 | 0.36795 | 0.17783
Cs 0.74912 | 0.60171 | 0.92951 | 0.40515
Gg 0.88743 | 0.75346 | 0.97995 | 0.68973
Cy 0.81231 | 0.70741 | 0.96344 | 0.62209
C, 0.05018 | 0.15460 | 0.49013 | 0.12784
D, Cs 0.88224 | 0.71912 | 0.95535 | 0.58716
Cy 0.00090 | 0.00351 | 0.31062 | 0.29702
Cs 0.67710 | 0.57089 | 0.90654 | 0.36971
Gg 0.92164 | 0.79170 | 0.98423 | 0.74619
Bang 2.10. Gid tri trung binh ciia cdc tham sé t6i vu a va
STT | Dir liéu o B
1 Dy 0.99358 | 0.22262
2 D 0.99661 | 0.20913
3 D¢ 0.99380 | 0.17241

Hinh 2.6 cho thdy Gg tao anh tong hop c6 d sang va do tuong phan
cao hon rd rét so v&i cic md hinh con lai, trong khi G, — G4 cho anh téi hon.
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Hinh 2.7 (cac viing phéng to) tiép tuc cho thay kha ning bao toan cau tric

CANANANA

.,,,“' c.vs_ N’i | la‘

va tang cuorng dac trung cua mod h1nh dé xuat.

055T MRI

: -
v [ » ‘.1§4

055T PET G, G Gy Gs

055T PET s Gy Gy

Hinh 2.6. Cadc danh tong hop
Bang 2.11 cho thiy mé hinh Gg (IEXDoG_COA) dat gia tri cao nhat

trén tat ca cac chi s6 Quy, Qcrs Qw, Qg, Qrsiy va Qp trén ca ba tap Dy, D

Hinh 2.7. Vung anh trich tir 2.6

va D¢. Ddi voi nhom chi s6 thi gide (Qurr, Qcp), Gg cai thién 16 rét so véi
cac phuong phap con lai, véi mirc ting khoang 7-12%, cho thy kha ning
nang cao d6 sang va twong phan. O chi sb cau trac Qy, Gg duy tri gia tri cao
va 6n dinh, thé hién kha nang bao toan bién va cAu trac tdt. Trong nhém chi
s6 dic trung (Qg, Qrsypy VA Qp), md hinh dé xuét tiép tuc dat két qua vuot
troi, dic biét & Qp véi mirc cai thién dang ké (khoang 8-12%), cho thiy kha
nang bao toan thong tin quan trong ciia anh dau vao.

Hiéu sut tinh toan

Thoi gian thuc thi trung binh cia Gg (IEXDoG_COA) khoang 7.27—
7.37 gidy, xép thir 6/8. Mic du khong nhanh nhét, Gg dat sy can bang hop 1y
giita chi phi tinh toan va chét lwong anh, thap hon dang ké so v6i cac phuong
phap dua trén NSCT (G, = 13-14 giay) va SR (G, = 10 giay).

Kiém dinh Friedman két hop Wilcoxon Signed-Rank (Bang 2.12,
2.13) trén Dy, Dg va D cho thiy 125/126 phép so sanh dat ¥ nghia thong
ké (p « 0,001), khing dinh IEXDoG COA vuot trdi 6n dinh.
2.4. Két luan chwong 2

Chwong 2 dé xuit mé hinh IEXDoG_COA sir dung WMCF dé phan

rd anh, ASR_COA cho thanh phan co s¢ va XDoG_ST LE cho thanh phin
chi tiét. Két qua thuc nghiém trén Dy, Dg va D¢ cho thiy Gg dat higu ning

vuot trdi, cai thién ro rét dd sang, do tuong phan va bao toan dac trung, déng
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thoi duy tri tinh 6n dinh. Tuy nhién, co ché phan i hai thanh phan, ham myc

tiéu chua co yéu to rang budc va xu ly chi ti€t tai mét mirc phan ra chua biéu

dién diy dii cac muc chi tiét khac nhau, 1a dong lyc dé phat trién mo hinh

SNM trong Chuong 3.

Bang 2.11. Két qua ciia thue nghiém 5.

DL | TT Qmwr Qcr Qw Q¢ Qrsim Qp
Gy |0.31612 | 0.35352 | 0.87461 | 0.69883 | 0.91902 | 0.52821
G, |0.30922 | 0.34452 | 0.86114 | 0.70447 | 0.94706 | 0.58701
Gz |0.32141 | 0.32573 | 0.79109 | 0.51351 | 0.91053 | 0.36329
D G, |0.30029 | 0.33691 | 0.88046 | 0.69627 | 0.93300 | 0.52996
T Gs |0.27012 | 0.32319 | 0.76661 | 0.63623 | 0.86708 | 0.39640
Gs | 0.29009 | 0.33124 | 0.87650 | 0.69137 | 0.92085 | 0.48694
G, |0.31139 ] 0.34641 | 0.83508 | 0.69574 | 0.93421 | 0.50906
Gg | 0.35802 | 0.39144 | 0.88170 | 0.72528 | 0.96905 | 0.65548
G, |0.35758 | 0.33787 | 0.87807 | 0.72783 | 0.93633 | 0.59199
G, |0.35184 | 0.33058 | 0.86305 | 0.73760 | 0.95496 | 0.63104
Gz |0.36022 | 0.31377 | 0.79231 | 0.55566 | 0.91891 | 0.45258
D G, |0.34181 | 0.32277 | 0.88065 | 0.72026 | 0.94145 | 0.56889
s Gs | 0.28748 | 0.30880 | 0.73235 | 0.63448 | 0.87186 | 0.45026
Ge |0.33045 | 0.31566 | 0.87671 | 0.71459 | 0.93094 | 0.54906
G, |0.35376 | 0.33205 | 0.83926 | 0.73085 | 0.94039 | 0.57085
Gg | 0.40242 | 0.36827 | 0.88743 | 0.75346 | 0.97995 | 0.68973
G, |0.32067 | 0.34338 | 0.91123 | 0.76085 | 0.94556 | 0.64527
G, |0.314250.33513 | 0.90991 | 0.77269 | 0.96756 | 0.68857
Gz |0.32546 | 0.31710 | 0.85383 | 0.60094 | 0.93577 | 0.55070
D G, |0.30623 | 0.32799 | 0.91396 | 0.76041 | 0.95029 | 0.62159
¢ Gs |0.26082 | 0.30937 | 0.79611 | 0.68186 | 0.88633 | 0.47291
Ge | 0.29809 | 0.32355 | 0.90724 | 0.75096 | 0.93969 | 0.59308
G, |0.30488 | 0.32541 | 0.83233 | 0.69591 | 0.93248 | 0.50502
Gg | 0.35574 | 0.36937 | 0.92164 | 0.79170 | 0.98423 | 0.74619




15

Chuong 3. PHUONG PHAP TONG HQP HINH ANH Y HQC DUA
TREN PHAN RA BA THANH PHAN VA TRONG SO THICH NGHI
3.1. Gioi thiéu

Céc phuong phéap phan ra str dung bd loc trung binh hodc bg loc song
phuong chua bao toan tot thong tin nén, d& giy mo va mat chi tiét. Trong khi
d6, NSST, NSCT c6 chi phi tinh toan cao. Trong budc tong hop thanh phan
co 0, cac quy tic dua trén ning lugng hodc toan tir Roberts cai tién thudng
lam suy giam d6 sang va do tuong phan cua anh téng hop. P6i voi thanh
phan chi tiét, cac phuong phap dua trén PCNN va cac bién thé chua bao toan
t6t thong tin cu tric trong cac ving phirc tap hodc twong phan thip va
thuong 1am mat bién.

Mic du IEXDoG COA cai thién dang ké do sang, do tuong phan va
bao toan bién, co ché phan ra hai thanh phan cia WMCF chua biéu dién day
du cac mue chi tiét khac nhau ciia anh; qua trinh tong hop chi tiét chua xét
day dit mdi quan hé giira cac muc; va COA 1am gia ting chi phi khi s§ vong
lap tang. Trén co sé do, chuong d& xuit mo hinh SNM gdm ba thuét toan:
phan rd SSFRG, tong hop thanh phan co s6 NRBOFA va tong hop thanh
phan chi tiét MLRFA.

Céc déng gop chinh gdm: (1) thuat toan phan rd SSFRG két hop bo
loc SSIF va RoG; (2) thuét toan NRBOFA st dung b t&i uu NRBO; (3)
thudt toan MLRFA dua trén MLMG, LE va bd loc RGF; (4) tich hop thanh
mo hinh SNM va kiém chimg trén 111 cip anh MRI-PET va MRI-SPECT.
3.2. M hinh tong hop hinh dnh y hgc SNM

Khac véi IEXDoG_COA, SNM sir dung co ché phan ri ba thanh phan
dé tach biét rd rang thong tin nén, cac chi tiét cu trac quan trong va cac
thanh phan két cdu yéu. Quy trinh: anh MRI va PET/SPECT duoc phéan rd
bang SSFRG thanh mot thanh phin co s& va hai thanh phan chi tiét; cac thanh
phan chi tiét duoc tong hop bang MLRFA; NRBOFA xac dinh trong s6 tbi
uu dé két hop cac thanh phan co s&; cudi cing anh téng hop dugc tai tao.



Hinh 3.1. Thudt toin SNM
3.2.1. Thuit toan phan ra SSFRG

SSFRG két hop bo loc SSIF va RoG, phan ri anh dau vao thanh ba
thanh phan: I* (thanh phin co s¢ tir SSIF), I+ = I — IR (chi tiét thir nhat,

phan anh két cau yéu/nhiu) va [z = IR — I (chi tiét thir hai, giit lai c4c ranh

Hinh 3.2. Thudt toan phdn ra SSFRG

3.2.2. Thuit toan tong hop chi tiét MLRFA

MLRFA két hop gradient hinh thai da mirc MLMG (khai thac bién &
nhiéu muc ty 18), nang luong cuc bd LE (danh gia muc d6 bién thién cuong
dd) va bd loc hudng dan quay vong RGF. Cac dic trung bién va nang luong
dugc két hop bang phép nhan Hadamard; RGF loai bé dao dong nho trong
khi van duy tri cac ranh gi6i quan trong; ban d6 quyét dinh dugc xay dung
theo quy tic cuc dai dé tao thanh phan chi tiét tong hop.



Hinh 3.3. Thudt todn tong hop MLRFA
3.2.3. Thuit toan NRBOFA

Ty

N
| Tinh OF

v s

| P |
Qp, 0y
n
o

.........................................................

Hinh 3.4. Thudt toan NRBOFA
Thanh phan co s tam thoi dwoc xac dinh F, = ay X M + a, X Yy,
voi aq € [0.9,0.999], a, € [0.001, 0.3]. Khac véi ASR_COA, NRBOFA
xay dung ham muc tiéu da tidu chi c6 thanh phan phat nham rang budc va
can bang giita d9 sang, d twong phan, ciu tric va lugng thong tin:
fo(x) X fo (%) X P(x) X SSIM(Ip(x), Iy) X e"F 750 x (B, (x)
H X W x Bg(x)

OF(x) =

trong do fg, fc lan luot danh gia do trung thyc vé do sang va do tuong phan

so voi anh MRI; P 1a thanh phan phat dwa trén phuong sai ctia ba dic trung
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dd chuan hoa (d6 sang, do twong phan, entropy); SSIM 1a d6 tuong tu ciu
truc; E;, 1a tong cudng do bién (Sobel). Céc siéu tham sb: o = 0.06, f =
0.055, p = 2.2. NRBO tim (@, ;) tdi wu héa OF .
3.2.4. Do phirc tap ciia thuat toan SNM
SSFRG, MLRFA c¢6 d6 phtc tap O(HW) (v6i cac tham sb ctra s6 1a
hang sb); NRBOFA c6 d6 phirc tap O(K X(Nxd+NXxHX W)). Téng
hop lai, d§ phtrc tap cuia SNM 1a O(K X N X H X W); vdi tap p cap anh 1a
O(pXKXNXHXW)
3.3. Thiét 1ap va danh gia thwc nghiém
Bang 3.6. Gia tri thu duoc tir 30 lan chay trén D,

Dir liéu 59T 68S 72C 28S 36S
Thuat |Mean| Std |Mean| Std |Mean| Std |Mean| Std |Mean| Std
toan X100 | X107 | x107 | x106 | x10* | x107 | x10* | <100 | x10* | <1078
GWO 9.854 | 2.96 |5.245 | 1.41 |2.1681| 1.09 |4.762 | 3.11 [8.4229| 3.52
MVO 9.624 | 4.19 | 5.265 | 1.58 |2.1666| 1.63 | 4.710 | 8.69 [8.4225| 3.88
SCA 9.212 | 3.79 | 5.128 | 2.16 |2.1687| 0.79 | 4.720 | 6.09 |8.3959|178.24
TSA 9.796 | 3.54 | 5.321 | 1.05 |2.1675| 2.52 | 4.603 | 13.72 |8.4056|114.22

ROA 9.563 | 3.54 | 5.210 | 2.15 |2.1678| 1.07 | 4.757 | 5.80 [8.4228| 3.60
GJO 9.536 | 425 [ 5.119 | 1.33 |2.1674| 1.42 | 4.639 | 11.67 |8.4125(129.97
WSO 9.772 | 3.73 | 5.197 | 1.50 |2.1689| 0.71 | 4.650 | 8.79 |8.3973|159.56
COA 9.994 | 4.54 |5.309 | 1.49 |2.1676| 2.63 | 4.777 | 2.28 [8.4207| 28.31
NRBO ([10.195| 1.55 | 5.373 | 0.10 (2.1698| 0.48 | 4.783 | 1.82 |8.4229| 1.67
Thyc nghi€m trén 111 cap anh MRI-PET (nfo binh thuong), 36 cap
MRI-SPECT (Glioma) va 27 cap MRI-SPECT (Alzheimer), kich thudc
256 x 256, chia thanh bdén nhém D; — D,. SNM duoc so sanh vé6i 11
phwong phép tiéu biéu cong bd 2021-2025 (A; — A;1); NRBO duoc so sanh
v6i tam thuét toan tdi wu (GWO, MVO, SCA, TSA, ROA, GJO, WSO,
COA). Tham s6 chinh: SSIF v6ir = 11,0 = 0.01, k = 1.5, s = 1; RoG véi
6,=1, 6,=2, f=0.01,R=3; NRBOFA N =50,d =2,K =50;
MLRFA n =5, LE w = 3, RGF g, = 3, g, = 0,05, T = 1. Cac mo hinh
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hoc sau dugc huan luyén trén nén tang PyTorch véi GPU NVIDIA A100
trong 100 epoch, tdc do hoc 0,005, sir dung Adam. Cac thyc nghiém con lai
thue hién trén MATLAB R2022b, CPU Intel® Core™ i5-12400 va RAM 16
GB.

Thuc nghiém 1 - Hiéu qua cia NRBO

Bang 3.6 cho thay NRBO dat Mean cao nhit va Std nho nhat ctia ham
muc tiéu OF, vuot trdi so voi tam thuat toan so sanh, khflng dinh viéc lya
chon NRBO lam thanh phan ti wu cbt 11 trong SNM 1 hop 1y.

Thuwe nghiém 2 - Hiéu qua ciia NRBOFA

Bang 3.7. Két qua thuc nghiém 2 (thay thé NRBOFA).

B0 dir liéu D; D3 Dy
Thuéat toan | QOuur Ocr Owurr Ocr Oumrr Ocr
L, 0.23167 | 0.30759 | 0.08404 | 0.18183 | 0.17772 | 0.25685
L; 0.28217 1 0.32118 | 0.11991 | 0.20497 | 0.24267 | 0.31181
Ls 0.30320 | 0.32140 | 0.13751 | 0.22681 | 0.22204 | 0.28928
Ly 0.31451 | 0.34761 | 0.13473 | 0.22730 | 0.24243 | 0.31256
Ls 0.32713 | 0.34181 | 0.14212 | 0.22829 | 0.24761 | 0.31059
Ls 0.32799 | 0.34328 | 0.14124 | 0.22866 | 0.24830 | 0.31250
L; 0.32993 | 0.34427 | 0.14277 | 0.22887 | 0.25187 | 0.31221
Ls 0.33184 | 0.34361 | 0.14378 | 0.22865 | 0.25394 | 0.31150
SNM 0.33529 | 0.35602 | 0.14723 | 0.23786 | 0.27311 | 0.33545

NRBOFA dugc thay thé boi tam chién luoc tong hop thanh phan co
s& (Ly — Lg), danh gia theo Qpy; va Q¢ trén Dy, D5 va D,. SNM dat gia tri
cao nhét trén ca ba tap; so véi L,, mirc cai thién 1én t6i 44.7-75.2% v6i Quy;-
L, (Roberts cai tién) va L, (dua trén ning lugng) cho két qua thdp nhit, phan
anh han ché cua cac quy tic truyén thong.

Thuwe nghiém 3 - Hi¢u qua cia MLRFA

MLRFA dugc thay thé boi sau chién lugc tong hop chi tiét (H1-H6),
danh gia theo Q. Qncie, Q¢ va Qpsiy trén Dy, Dy va Dy SNM dat gia tri
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cao nhat trén hau hét cac chi s6; riéng Qrgypy trén Dy va Qg trén Dy xép xi
phuong phéap tot nhét. So voi Hy, mic cai thién & Qg 1én t6i 82.9—157.8%,
khang dinh hi¢u qua va tinh 6n dinh cia MLRFA.

Bang 3.8. Két qud thuwc nghiém 3 (thay thé MLRFA)

Dir liéu | Thuit toan Owmr Oncie Oc OFrsim

H; 2.55021 0.80611 0.40478 0.76284

H> 4.24714 0.81350 0.73070 0.96281

H; 4.39664 0.81433 0.72929 0.96320

D; H, 4.43955 0.81445 0.72693 0.96156
H;s 4.40478 0.81444 0.72528 0.95826

Hs 4.44284 0.81447 0.73448 0.96576

SNM 4.54896 0.81540 0.74016 0.96978

H; 2.04558 0.80458 0.27792 0.78894

H> 2.76597 0.80703 0.70807 0.97416

H; 3.11460 0.80768 0.70918 0.97670

D3 H, 3.07267 0.80755 0.70291 0.97523
H;s 3.06278 0.80765 0.70804 0.97399

H;s 3.09734 0.80767 0.71086 0.97895

SNM 3.17790 0.80788 0.71657 0.97893

H; 2.61402 0.80629 0.38172 0.77298

H> 3.71181 0.80997 0.77596 0.97753

H; 4.08485 0.81104 0.75189 0.96893

Dy H, 4.12495 0.81115 0.75537 0.97053
Hs 4.30318 0.81175 0.77884 0.97706

Hs 411184 0.81113 0.76343 0.97289

SNM 4.42834 0.81238 0.78517 0.98170

Thue nghi¢m 4 - Panh gia tong thé
Viéc so sanh dugc thuc hién trén cac tap D,, D3 va D, vai cac cap anh

dai dién va vung phong to nham lam 16 cac dac trung nhu bién, d¢ sang va
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tuong phan. Két qua cho thay A, va A, thuong 1am suy giam do sang va
tuong phan, trong khi A,, Ay, A4 cai thién t6t hon cac yéu t6 nay. M6 hinh
SNM thé hién uu thé rd rét khi dong thoi nang cao do sang va do tuong phan
trén cac tap dir liéu.

Bang 3.9 cho thay tham s6 a; lu6n 16n hon nhiéu so v6i a3, phan dnh

vai tro chi phéi ciia thanh phan co sé tir anh MRI trong qua trinh tong hop.

Bang 3.9. Gid tri trung binh cdc tham sé toi wu o va o
STT | B dir ligu o o
1 D; 0.97878 | 0.25723
2 D; 0.99311 | 0.28609
Dy 0.96687 | 0.25970
Bang 3.10. Két qua ciia SNM va cdc mé hinh so sanh trén Dy
Dit | Thuat
ligu todn Ourr Ocr Owmr Oncie Oc OFsiv
Aj 0.13631 | 0.22238 | 2.58248 | 0.80614 | 0.70514 | 0.94898
A> 0.11641 | 0.19926 | 2.56885 | 0.80606 | 0.69345 | 0.95696
As 0.13473 | 0.22294 | 2.19712 | 0.80475 | 0.67492 | 0.93187
Ay 0.14189 | 0.22838 | 2.90465 | 0.80675 | 0.71927 | 0.94910
As 0.13749 | 0.22428 | 2.56813 | 0.80612 | 0.69807 | 0.95218
As 0.08933 | 0.17129 | 1.46387 | 0.80311 | 0.55816 | 0.88729
b A7 0.13366 | 0.22020 | 2.14506 | 0.80463 | 0.67434 | 0.93030
As 0.13577 | 0.22511 | 2.23972 | 0.80500 | 0.67997 | 0.93648
Aoy 0.13673 | 0.22491 | 2.43918 | 0.80556 | 0.68753 | 0.93904
Ao 0.13428 | 0.21933 | 2.64994 | 0.80613 | 0.71554 | 0.96600
A 0.14462 | 0.18928 | 2.74869 | 0.80635 | 0.72228 | 0.94575
SNM 0.14723 | 0.23786 | 3.17790 | 0.80788 | 0.71657 | 0.97893

Két qua trong Bang 3.10 cho théy SNM dat hiéu nang vuot trdi va on

dinh trén ca D,, D3 va Dy & Qurrs Qcrs Qumis Oncie VA Qpsivs 6 Qg, SNM

xép hang thir hai (D,), thir ba (D) va tiém cin muc tot nhit (D,), cho thay



22

du dia cai thién bién cuc bg. Tong thé, SNM can bang tdt giita ting cudng
d6 sang, bao toan thong tin va chit luong cam nhan.

Kiém dinh Friedman va Wilcoxon Signed-Rank (hiéu chinh Holm—
Bonferroni) trén ba bd dit liéu D,, D3 va D, v6i 6 chi s6 danh gia, khang dinh
khac biét giita 12 thuat toan c6 y nghia thong ké rat manh (p <« 0,001). Két
qué cho thay 188/198 phép so sanh (94,9%) dat ¥ nghia thng keé, trong d6
181 trudng hop c6 loi cho SNM, khing dinh mirc cai thién cia SNM 1a 6n
dinh, khong phai khac biét ngau nhién giita cac 1an thyc nghiém.

Hiéu sudt tinh todn

Thoi gian thyc thi trung binh cia SNM khoang 8.04-8.62 gidy, xép
thir 8/12. Chi phi chu yéu dén tir tdi wu trong sd trong NRBOFA va toan tir
MLMG. Du khong nhanh nhat, SNM van dat hiéu ning hang dau trén cac
chi s6 danh gi, cho thay su cin bang hop 1y giita chi phi va chat lwong.

Bang 3.14. Két qua do nhay tham sé (N,K) ciia NRBOFA (hang t6 dim la
cau hinh goc, ding cho Bdang 3.10)

Bb dir Thoi
licu N | K| Owuu Ocr Owmr Oncie O¢ OFsim gian (5)

50 | 50 | 0.33529 | 0.35602 | 4.54896 | 0.81540 | 0.74016 | 0.96978 | 8.623

30| 50 {0.32850{0.34903 [ 4.537730.81524 | 0.73995|0.97053 | 5.173

b 50130 ]0.33044 10.35120 | 4.51806 | 0.81509 ] 0.73869 | 0.96898 | 5.189

301 30]0.32963[0.35016 {4.52910 | 0.81520 | 0.73964 | 0.97013 | 3.447

50|50 ]0.147230.23786 | 3.17790 | 0.80788 | 0.71657 | 0.97893 | 8.167

30150]0.14715]0.23773 | 3.17511 | 0.80786 | 0.71623 | 0.97877 | 5.665

b 50130(0.14697]0.23741 | 3.17440 | 0.80785 | 0.71612 | 0.97865 | 5.484

30130]0.14715]0.23766 | 3.17251 | 0.80784 | 0.71602 | 0.97867 | 3.498

50|50 ]0.27311 [ 0.33545 | 4.42834 | 0.81228 | 0.78517 | 0.98170 | 8.045

30| 50(0.27159]0.33377 | 4.42576 | 0.81225 | 0.78543 | 0.98183 | 5.585

b 501301]0.27267(0.33493 | 4.42780 | 0.81227]0.78525]0.98157 | 5.629

30130]0.2753210.3377914.37214 1 0.81199 | 0.78095 | 0.97963 | 3.573
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Phin tich d9 nhay clia tham s6: Phéan tich ¢ nhay tham s N, K ciia
NRBOFA (Béng 3.14, 3.15) cho thdy khi giam tir 50 xudng 30, chit luong
anh dao dong dudi 2% trong khi thoi gian xir Iy giam 30-60%, khang dinh
tinh 6n dinh ctia mé hinh. o

So sanh va thao luén giira hai moé hinh dé xuat (Bing 3.16 va 3.17)

Trén céc chi sd d6 sang va do twong phan (Qpyz; va Qc;), SNM cho két
qua t6t hon trén 5/6 b¢ dit liéu nhd NRBOFA véi ham muc tiéu c¢6 co ché
rang budc. Nguoc lai, & cac chi sb thong tin tuong hd (Qpy; va Qucrg) Va bao
toan bién, ciu tric (Qy, Qg, Qrsiy VA Qp), IEXDoG COA thé hién uu thé
nho thut toan XDoG ST LE chuyén biét cho thanh phan chi tiét. SNM 1a
su phat trién ké thira va mé rong tir IEXDoG_COA; trong thuc té 6 thé lua
chon mé hinh phti hop theo muc tiéu chan doan: wu tién bao toan dic trung
bién, cdu tric thi ding IEXDoG COA, uu tién d6 sang va do twong phan thi
dung SNM.

Bang 3.16. Két qua ciia IEXDoG va SNM trén Dy, Dg va D¢
DL Thuit toan Omrr Oa Ow Oc Orsim Op
IEXDoG_COA |0.35802(0.39144|0.88170|0.72528 | 0.96905 | 0.65548

br SNM 0.36362|0.39768 | 0.87546 | 0.71389 | 0.95214 | 0.60606
D IEXDoG_COA |0.40242|0.36827|0.88743 | 0.75346|0.97995 | 0.68973
SNM 0.40260|0.36997|0.88164 | 0.74861 | 0.97094 | 0.66348
IEXDoG_COA |0.35574]0.36937(0.92164|0.79170 | 0.98423 | 0.74619

Pe SNM 0.36036|0.37498 | 0.91861 | 0.78674 | 0.97442 | 0.71892

Bang 3.17. Két qua ciia IEXDoG va SNM trén D,, D3 va D,
DL Thuét toan Owmrr Ocr Omr Oncie Oc OFsivt
IEXDoG_COA |0.33212]0.35166|4.29338 | 0.81344 | 0.74164 | 0.97722

b SNM 0.3352910.35602 | 4.54896 | 0.81500 | 0.74016 | 0.96978

D, IEXDoG_COA |0.1425410.23174|3.28270|0.80831 | 0.72832|0.98481

SNM 0.1472310.23786 {3.17790 | 0.80788 | 0.71657 | 0.97893

D IEXDoG_COA |0.27345(0.33702 | 4.46820 | 0.81252 | 0.79178 | 0.98666
4

SNM 0.27311|0.33545|4.42834|0.81228 | 0.78517|0.98170
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3.4. Két luan chwong 3

Chuong 3 d& xuit mo hinh SNM gdm ba thuat toan SSFRG, NRBOFA
va MLRFA. Két qua thyc nghiém cho thdy SNM dat gia tri tot nhat & Qpy;,
Qcr. Qur va Qucyg, dong thoi duy tri két qua canh tranh & Qg va Qpgypy, bdo
toan tot thong tin giai phiu tir MRI va thong tin chirc nang tir PET/SPECT.
M5 hinh van con han ché vé chi phi tinh to4n va kha nang bao toan mat sb

dic trung bién tinh vi trong diéu kién do twong phan thap.

KET LUAN VA KIEN NGHI

Luan 4n nghién ctru bai toan tong hop anh y hoc da mé thirc nham
nang cao chat lugng anh tong hop va bao toan cac dic trung quan trong tir
anh ngudn. Céc két qua chinh gom:

Thir nhit, dé xuit md hinh IEXDoG COA: ding WMCF dé phan ra
anh, ASR_COA (dwa trén COA) cho thanh phan co s& va XDoG ST LE
(két hgp XDoG, ST, LE) cho thanh phan chi tiét, cai thién dong thoi chét
lugng thi giac va kha ning bao toan thong tin.

Thir hai, d& xuat moé hinh SNM gdom SSFRG, NRBOFA va MLRFA,
khai thac ddng thoi thong tin cuong do, cdu tric va ning luong cuc bo &
nhidu mirc, ning cao chét lwong anh tong hop.

Thir ba, kiém chtng trén nhidu bd dit 1iéu MRI-PET va MRI-SPECT
(gdm ca u than kinh dém va Alzheimer). SNM dat két qua t5t nhat & Qu;,
Qc;, trong khi IEXDoG_COA thé hién uru thé vé bao toan bién.

Céc hudng nghién ctru tiép theo: nghién ctru cac ky thuat phan ra va
chién Iugc tong hgp méi; phat trién ham muyc tiéu va thuat toan tbi wu hiéu
qua hon; két hop cac mé hinh hoc sdu (CNN, Transformer, kién trac lai) véi
phan rd anh truyén thdng; mé rong danh gia trén cac bo dit liéu CT-MRI,
PET-CT quy mé 16n; va xdy dung cac md hinh tdng hop xu Iy theo thoi gian
thue.
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