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MO PAU

1. Tinh cép thiét ciia luin 4n

Trong nhiing nim gan day, chan doan hinh anh y hoc da tré
thanh mot thanh phan khong thé thiéu trong y hoc hién dai, dong vai
tro then chét trong viéc phat hién sém va diéu tri cac bénh 1y nguy
hiém, ddc biét 1a cac bénh ung thu. Theo thong ké ctia T chirc Y té
Thé gi¢i (WHO) nam 2022, mdi ndm trén toan cau ghi nhan hon 2,3
triéu ca ung thu vt méi mic va khoang 685.000 ca tr vong, trong do
phan l6n cac truong hop tir vong xdy ra tai nhimg qudc gia co thu nhap
thap va trung binh — noi thiéu thlet bi tam soat chuyén dyng [1]. Tai
Viét Nam, theo s6 lisutr BOY té nam 2021, mdi ndm c6 trén 21.000
ca ung thu vii méi mac véi ti 18 tir vong vuot 30%, phan anh rd thuc
trang phat hién bénh muon do han ché trong tiép can cong ngh¢ chan

doan [2]. Trong boi canh do, viée phat trién cac ky thuat tao anh y sinh

c6 kha nang phat hién sém cac ton thuong kich thudc nhd, an toan,
chi phi hop 1y va c6 thé trién khai rong rii tré thanh mot yéu cau hét
strc cép thiét.

Hién nay, cac phuong thirc tao anh phd bién trong chan doan
bénh 1y va déu ¢ nhimg han ché nhat dinh. Chup X-quang tuyén v
(mammography) tuy la tiéu chuan tam soat pho bién nhat nhung higu
qué bi giam dang ké d6i v6i phu nir dudi 50 tudi véi mo va day dic,
déng thoi tia birc xa ion hoa 1a méi lo ngai vé an toan cho cac lan tai
kham [3]. Chup cong hudng tir (MRI) cho chét lugng dnh vuot troi
nhung chi phi rat cao va thoi gian quét dai. Siéu am thong thuong (B-
mode) an toan, khong xam 1an nhung chi cung cap thong tin dinh tinh
v€ cau tric mo va khong phan biét duge cac t6n thuong nho dudi 5
mm [4]. Trudc nhitng han ché @0, ky thuat siéu am cét 16p (Ultrasound
Tomography — UST) ndi 1én nhu mot huéng tlep can day trién vong
do khong sur dung btic xa ion hoa, co6 chi phi thlet bi trung binh, dong
thot cho phep tai tao anh dinh lugng cac thong s6 &m hoc (vén toc am,
hé s6 suy hao, mat do) véi do tuong phan cao [5]. Bac biét, bang cach
khai thac tin hiéu tan xa tir nhiéu hudng, UST c6 kha nang phat hién
cac khdi u kich thude dudi budce song — diéu ma siéu 4am B-mode thong
thuong khong thyc hién dugc [6]. Tiém ning img dung ctia UST trong
viéc phat hién sém céc u la phuc vu chan doan ung thu va ¢ phu nit
ciing da duoc khang dinh trong cac nghién ciru trong nude [135].



Trong tdm cua UST hién dai 1a bai toan tai tao anh tur dit licu
tan xa do dugc. Trong sb cac thuat toan dang dugc nghién ctru, phuong
phép lap vi phan Born (Distorted Born Iterative Method — DBIM)
dugc danh gia 1a mot trong nhitng phuong phap chinh x4c nhit nho
kha ning xir Iy cac truong hop tan xa manh, vugt qua gioi han ciia xap
xi Born bac nhét [7]. Tuy nhién, DBIM con ton tai hai bét loi co ban:
(i) d6 phuc tap tinh toan rat 1on O(Nz-N7-N2) khién thoi gian tai tao
keo dai; (i1) d0 nhay cao véi nhiéu trong dit liéu do, dic biét trong cac
dleu kién thyc té véi ti s6 tin hidu trén nhidu (SNR) thap, dan toi sai
s tich lily qua cac vong lap va lam suy giam chat luong anh tai tao
[8]. Déy la hai van dé cdt 16i ma cong dong nghién ctru di va dang nd
luc giai quyet trong hon mot thap ky qua.

Tong hop va phan tich cac nghién ciru da cong bb lién quan
tryc tiép dén cai tién chét luong tai tao anh cua thuat toan DBIM trong
UST cho thay c6 thé phan loai cac cach tiép can thanh cac nhom chinh
nhu sau, dya trén vj 7 can thiép trong quy trinh tai tao anh:

Nhém 1 — Cii tién truc tiép thuit toan DBIM nham giam d¢
phite tap tinh toan: Trin Quang Huy va cong su (2014) [139] da dé
xuat mot bién thé cai tién ciia DBIM (Improved DBIM) cho phép giam
do phtc tap tinh toan va nang cao chét luong anh tai tao trong UST.
Cung nhom tac gia (2015) [136] tiép tuc phét trién phuong phap tai
tao phi tuyén cho UST voi cau hinh do vong tron. Hesford va Chew
[33] sir dung thuét toan da cip da cuc nhanh (MLFMA) dé tang toc
DBIM. Lavarello va Oelze [16] phat trién DBIM cho tai tao ba chiéu.
Tuy nhién, cac cach tiép can trong nhom nay chu yéu tip trung vao
hiéu qua tinh toan ma chuwa gidi quyét dwoc vin dé dp nhay véi nhiéu
cuia thuat toan DBIM, dic biét 1a hién tuong tich lily nhiéu qua cac
vong lap.

Nhém 2 — Cam bién nén va liy miu thwa (can thiép frudc
DBIM): Tran Quang Huy va cong sy (2017) [131] da dé xuat ky thuat
14y mau nén tat dinh (Deterministic Compressive Sampling) cho UST,
cho phép giam s6 lwong dit lidu do cin thu thap ma van dam bao chit
luong anh tai tao. Trudc d6, cung nhom tac gia (2016) [133] da két
hop cam bién nén vé6i ki thuat nhay tan cho UST, va (2015) [137] dé
xuat phurong phép tai tao dya trén toi wu chuan L1 cho anh twong phan
am thanh. Candés va Wakin [20] d4 dit nén mong 1y thuyét tong quét
cho 1dy mau nén. Cac phuong phap nay can thiép ¢ giai doan trudc
khi ciea dit liéu vao DBIM, gitp cai thién chét lugng dit liéu dau vao



nhung khéng cé kha ning kiém sodt nhiéu phat sinh va tich liy
trong qud trinh lap.

Nhéom 3 — Khai thac da tin s6 (két hop dir liéu nhleu phép do):
Tran Quang Huy va cong su (2016) [18] da ching minh rang viéc két
hop dir liéu thu duoc ¢ hai tan s6 khac nhau giup cai thién dang ké
chat lugng anh UST. Theu va cong sy (2022) [17] phat trién k¥ thuat
MR-MF-DBIM (Multi-Resolution Multi-Frequency DBIM) cho tai
tao anh tan xa twong phan cao. Huy va cong su (2020) [19] xay dung
quy trinh hiéu qua sir dung da tan s cho UST. Theu va cong su (2021)
[21] m6 rong thém theo hudng da d§ phén giai. Tuy nhién, cac phuong
phap da tan s/da do phén giai lam tang dang ké chi phi thu thép dir
liéu va phuc tap hé thong, dong thoi vén chua xik Iy truc tiép dwoc sw
tich liiy nhiéu trong vong lip DBIM.

Nhom 4 — Noi suy khong gian dé nang cao d phan giai (can
thiép sau DBIM): Mot loat nghién ciru cia Tran Quang Huy va cong
su da dé xudt nhiéu k¥ thuat noi suy nhim cai thién chit lugng anh
UST sau khi DBIM két thuc, bao g(‘A)m: ndi suy lan can gﬁn nhat [138],
ndi suy song khéi (bicubic) [134], ndi suy song tuyén tinh (bilinear)
ap dung cho cach tiép can DBIM [132] va cac ky thudt ndi suy tong
quat hon [142]. Céc k¥ thuat ndi suy nay hoat dong ¢ giai doan hdu
xir Iy, chi lam "dep" anh dau ra cia DBIM ma khéng cdi thi¢n dwoc
chit lwong nghi¢m trong qud trinh Igp, do d6 khong khic phuc duoc
nguyén nhén goc r¢ cua hién tuong suy giam chat lugng do nhiéu.

Nhém 5 — T6i wu cAu hinh do va mé phéng kiém chirng: Tran
Quang Huy va Tran Duc-Tan (2014) [140] d2 khao sat anh huéng cia
cau hinh do dén chét luong tai tao anh trong UST. Tran Quang Huy
va cong su (2014) [141] thuc hién mo phong va thuc nghiém kiém
chimg dé tao dir liéu UST chuén. Hudng nghién ciru ndy can thiép ¢
muc phan citng va bo tri hé thong do, khong lién quan truc tiép dén
co ché xir Iy nhidu trong thuat toan tai tao.

Nhém 6 — Tiép cin dwa trén hoc siu: Trong nhiing nim gan
day, hoc sau dd duoc ap dung cho UST véi nhiéu két qua kha quan:
Long va cong su (2023) [22] sir dung hoc sau cho UST véi liy mau
thwa; Saba va cong su (2022) [23] dé xudt Physics-Informed Neural
Networks cho diffraction tomography, Shi va cong su (2022) [24]
ding hoc sau d¢é trich xuét thoi gian truyén song trong UST xuong.
Céc kién trac U-Net [47], GAN [46], MoDL [52], deep cascade [51]
va DnCNN [106] cling da dugc ap dung cho khoi phyc anh y sinh. Tuy



nhién, cac phuong phéap hoc sau nay thuong duge ap dung theo dang
hdu xir Iy sau khi DBIM két thiic (post-loop), ddng thdi yéu ciu mot
lwong 16n dit liéu c6 nhan dé huén luyén va tai nguyén tinh ton cao —
diéu rat kho dap ung trong diéu kién UST 1am sang, dic biét & muc
SNR rét thap [9], [10].

Phan tich trén cho thdy mot khoang tréng nghién ciru quan
trong: tat ca cac cach tiép can hién co — ké ca cac nghién ctru da dugc
cong b tai Viét Nam [131], [132], [133], [134], [135], [136], [137],
[138], [139], [140], [141], [142] ciing nhu cac nghién ctru qudc té gan
day — déu can thiép vao quy trinh tai tao DBIM & céc Vi tri "bén ngoai”
qud trinh ldp: hodc & giai doan tién xu 1y dit liéu dau vao (Nhom 2,
Nhoém 3, Nhom 5), hodc ¢ giai doan hau xir Iy anh dau ra (Nhom 4,
Nhoém 6), hoac cai thién hi€u qua tinh toan ma khong dong dén co ché
lan truyén nhiéu (Nhém 1). Theo hiéu biét cia tic gia, cho dén nay
chwra cé nghién ctru nao trong tai li¢u UST tich hgp mdt co ché
khir nhiéu tryc tiép vao bén trong mdi vong Lip ciia thuit toan
DBIM (intra-loop filtering), dic bi¢t 1a viéc nhung cac ky thuét hoc
méy nhe vao ndi vong lap dé kiém soét sy tich lity nhidu xuyén subt
qué trinh lip. Day chinh 1a khoang trong ma luan an hudng t6i giai
quyét.

Cu thé hon, cc han ché dit ra cho bai toan tai tao anh UST
c6 thé duoc tom luge thanh hai van dé chinh. Han ché thir nhit lién
quan dén do nhay ctia thuat toan DBIM véi nhiéu trong dit liéu dau
vao, dic biét khi s6 phép do c6 han (N#-Nr < N2) — diéu kién rat phd
bién trong cac hé théng UST thyc té. Trong thuc té, dit liéu do trong
UST thuong chira nhiéu loai nhidu khac nhau, dic biét 1a nhidu speckle
(nhiéu nhén) — mdt dang nhiéu dic trung ciia siéu &m — cing v6i nhiéu
Gauss trang (nhiéu cong), giy giam do6 tuong phan va che khuat cac
chi tiét cdu truc quan trong [4]. Khi DBIM dugc ap dung truc tlep 1én
dir liéu nhiéu, sai s6 ¢6 xu hudng tich Ity qua timg vong lap, dan t6i
nghiém co thé bi phan ky hoac cho anh chét lugng kém [8], [16]. Méc
dui cac bd loc tuyén tinh, loc trung vi hodc cac ki thuat mién tan sd da
dugc nghién clru trong xtr Iy anh no6i chung [33], [88], cac b loc nay
khi 4p dung cho UST thuong duoc dung nhu mot budc tién xir Iy hodc
hau xir 1y déc ldp véi qud trinh Igp DBIM, do d6 khong kiém soat
dugc sy tich lity nhiéu trong cac vong lap ké tiép. Van dé dat ra 1a can
¢6 mot co ché xir Iy nhidu duoc tich hop truc tiép vao trong timg vong



lap cia DBIM nham chin dimg qué trinh tich lity sai s6 ngay tir giai
doan sém va cai thién d6 6n dinh ctia nghiém.

Han ché thir hai lién quan dén cac phuong phap khir nhidu
dua trén hoc sau khi 4p dung cho UST trong mdi truong nhiéu cao.
Mac du cac md hinh hoc sau nhu U-Net [47], DnCNN [106], GAN
[46], deep cascade [51], MoDL [52] da dat duoc hiéu ning tot trong
nhiéu bai toan khéi phuc anh, viéc ap dung ching cho UST dit ra
nhiéu thach thirc nghiém trong. Thit nhdt, cac md hinh nay yéu cu
mot luong 16n cdp dir liéu sach-nhiu c6 nhan dé huén luyén, trong
khi viéc thu thap dir li¢u UST c6 nhan trong diéu kién 1am sang la cuc
ky khoé khin, dic biét & mirc SNR rat thap (SNR = 1-6 dB) — noi ma
ngay ca ground truth cua anh cling kho xac dinh chinh xac tur dit liéu
do. Thir hai, cac md hinh hoc sau doi hdéi tai nguyén tinh toan lén
(GPU manh, thoi gian hudn luyén dai), giy kho khan cho viéc trién
khai thyc té trong cac hé thong UST y sinh & cic co s&'y t& ¢6 ngudn
luc han ché [9], [10]. Thi ba, cac phuong phap hoc sau thuong duge
ap dung theo dang héu xu ly sau khi DBIM két thuc [22], [24], do d6
khong giai quyét dugc van dé tich lity nhidu xay ra ngay trong cac
vong lap cia DBIM. Vi vy, thach thirc dit ra 1a can c6 mot phuong
phap khir nhidu nhe, khong phu thudc vao dit liéu huan luyén quy mo
16n, c6 thé tich hop tryc tiép vao ndi vong ldp DBIM va hoat dong
hiéu qua ngay ca trong diéu kién SNR rét thap.

Vi vay, viéc nghién ctru va dé xuat cac phuong phap khoi phuc
hinh 4nh siéu 4m cit 16p (UST) theo hwéng tich hgp cac ky thuit
hoc may nhe vao trong tirng vong lip cia thuit toan DBIM (intra-
loop filtering) — mot hudng tiép can ma cho dén nay van chua dugc
khai thac trong tai li¢u UST — chinh la ndi dung chinh dugc trinh bay
trong luan 4n nay. Khac biét co ban va tién bg ciia luan an so véi cac
cong trinh trude d6 1a: (i) chuyén vi tri can thigp tir "bén ngoai"
(tién/hau xir Iy’) sang "bén trong" vong lap DBIM, gitp kiém soat tich
lity nhiéu ngay tir giai doan sém; (ii) sir dung céac k¥ thuat hoc may
khéng tham so, khéng yéu cau dir liéu hudn luyén (loc trung vi + K-
means, KNN), khic phuc duoc han ché ¢t yéu cua cac phuong phép
hoc séu trong diéu kién thiéu dir liéu nhén; (iii) chimg minh dugc tinh
tong quat cta nguyén 1y loc ndi vong lap DBIM théng qua viéc ap
dung thanh cong cho cé hai ché d9 nhicu vira (SNR = 26 dB) va nhiéu
cao (SNR = 1-6 dB) — noi cic phuwong phap hién c6 gan nhu khong
thé ap dung.



2. Muc tiéu cta luin an

Muc tiéu chung ciia lun an: Dé xuit cic phuong phap nang
cao chat lugng tai tao anh siéu am cit 16p (UST) dya trén thuat toan
DBIM trong diéu kién dit liéu nhiéu, theo hudng két hop giira mo
hinh vat ly va cac k¥ thuét hoc may nhe tich hop ndi vong lap, khong
phu thu¢ce vao dir liéu huan luyén quy m6 16n va dam bao kha nang
trién khai trong cac hé théng thyc té.

Muc tiéu cu thé: Trén co so phan tich cic han ché cua thuét toan
DBIM truyén théng va cac nghién ctru lién quan di dugc cong bd,
luan an hudng téi cac myc tiéu cy thé sau:

Thir nhét, dé giai quyét han ché vé do nhay véi nhiéu ciia thuat toan
DBIM trong diéu kién thiéu do, luan an d& xuat mot phuong phap tich
hop bg loc trung vi 2D két hop véi phin cum K-means [29], [85] tryc
tiép vao trong moi vong 1ap ciia DBIM (intra-loop filtering). Cach tlep
can nay nham kiém soét su tich liiy nhidu xung qua cac vong lap, dong
thoi cung cap mot quy trinh phan doan ngit nghia khong gidm sat
khong yéu cau dit liéu c6 nhan, phit hop véi didu kién thiéu do (N#-Nr
< N?) trong cac hé thong UST thye té [25].

Thir hai, dé giai quyét han ché vé yéu cau dit liéu huan luyén 16n
va chi phi tinh toan cao cta cac phuong phap hoc sau trong mai truong
nhidu cao, luén 4n dé xuit mot phuong phap khir nhidu dya trén thudt
toan K-Nearest Neighbors (KNN) [30], [103] tich hop ndi vong lap
DBIM. Phuong phap dé xuat khai thac tinh chat thich g cia KNN
nhu mot bd loc phi tham s0, khong yéu cau dit liéu huan luyén va hoat
dong hiéu qua trong diéu kién SNR rét thip (SNR = 1-6 dB) — noi ma
cac phuong phap hoc c6 giam sat gan nhu khong thé ap dung [26].

Thir ba, kiém ching tinh tong quat cua nguyén Iy loc ngi vong lap
DBIM thong qua viéc danh gia dong nhét hai phuong phap dé xuat
trén cac bd dir licu mo6 phong va thyc nghiém ¢ cac mirc SNR khac
nhau, qua d6 khang dinh day 1a mot nguyén 1y thiét ké tong quét co
thé mo rong cho cac loai bd loc khac.

3. Pbi twong va pham vi nghién ciru

Luén 4n tap trung nghién ciru va tim hiéu mot s ddi tuong lién quan

dén bai toan khoi phuc chat luong anh siéu am cét 16p (UST) nhu:
Céac phuong phap va mo hinh téi tao anh UST, trong d6 trong tam

la thuét toan lap vi phan Born (DBIM) va cac bién thé cua né [7], [16],

[32], [33], [136], [139].



Céc loai nhidu trong hé théng UST, bao gdm nhidu speckle (nhiéu
nhan), nhiéu Gauss tring (nhiu cong) va nhiéu phat sinh trong qua
trinh giai bai toan nghich [4], [8].

Céc k¥ thuat xir Iy 4nh va hoc may nhe tmg dung cho khtr nhiéu,
bao gdm loc trung vi, phan cum K-means [29], [85], [86] va thudt toan
K-Nearest Neighbors (KNN) [30], [100], [103].

Céc chi s6 d4nh gia chét lugng anh tai tao (NE, NERR, CNR, sai
s6 bién) va cac bo dit liéu mod phong/thuc nghiém phuc vu kiém chimg
cac phuong phap dé xuit [141].

4. Pham vi nghién ctru ciia ludn an

Nghién ciru phuong phap khir nhiéu tich hop noi vong lap DBIM
dua trén bo loc trung vi két hop phén cym K-means dé cai thién chét
lwong anh tai tao trong diéu kién nhiéu vira va thiéu do.

Nghién ctru phuong phap khir nhiéu tich hop noi vong lip DBIM
dua trén thuat toan KNN cho méi truong nhiéu cao (SNR = 1-6 dB)
ma khong yéu cau dir liéu huan luyén.

Céc phuong phap dé xuét duoc thiét ké va danh gia trong khong
gian hai chiéu, sur dung ca dir licu mo phoéng va dir li¢u thyc nghiém.

Luan 4n khong di siu vao cac phuong phap hoc sau yéu cau dit
liéu huan luyén quy mo 16n, khéng xem xét cac mo hinh ba chiéu ciing
nhu khong bao gdm phan thiét ké phan cting hé thong UST.

Viéc ung dung cu thé cac anh UST da duoc tai tao cho cac bénh
Iy 1am sang cu thé nim ngoai pham vi ciia luan 4n nay.

5. Phuwong phap nghién ciru

Nghién ciru ly thuyét: Téng hop va phan tich cac nghién ctru lién
quan dén bai toan tan xa nguogc, k¥ thuat siéu am cit 16p UST va cac
phuong phap khir nhidu duoc cong b trong va ngoai nuéce [7], [8],
[16]-[24], [131]-{142]. Trén co s¢ phan tich cac van de con ton tai
cua cac cach tlep cén hién nay — dac bit la khoang tréng vé co ché
can thiép nhiu ndi vong lip DBIM, dé xuit cac phuong phap khir
nhiéu hiéu qua tich hop tryc tiép vao trong vong lip DBIM nham khéc
phuc cac han ché d3 duoc chi ra.

Nghién ciru thue nghiém: Cac phuong phap d& xuat duoc cai dat,
md phong va danh gia qua cac chi s6 dinh luong (NE, NERR, CNR,
sai s0 bién) két hop danh gia tryc quan, trén anh phantom mo phong
va dit liéu UST & nhiéu mirc SNR (tur 1-6 dB dén khoang 26 dB); ket
quéa dugc so sanh voi DBIM truyén thong va cac phwong phap cai tién



nhu DF-DBIM [18], MR-MF-DBIM [17], [21], cam bién nén [131],
[133], ndi suy [132], [134], [138] va hoc sau cho UST [22]-[24].

6. Cac dong gop ciia luin an

V6i muyc tiéu nang cao hidu qua téi tao anh siéu am cit 16p (UST)
trong diéu kién dir liéu nhiéu, luan an c6 hai nhom déng gop chinh
nhu sau, déu thudc mot paradigm thiét ké méi chua timg dugc cong
bb trong tai liéu UST — paradigm "intra-loop filtering":

Pong gép thir nhat: dé xuat phuong phép nang cao chat lugng
tai tao anh UST dua trén vi€e tich hop bo loc trung vi 2D két hop phin
cum K-means triec tiép vdo trong moi vong lap cua thudt toan DBIM.
Khéc biét v6i cac cach tiép can tién xur 1y truyén thong dua trén cam
bién nén [131], [133], [137] hay hau xtr 1y dua trén ndi suy [132],
[134], [138], [142] d4 dugc cong bd trude day, phuong phap dé xuat
kiém sodt sw tich liiy nhiéu ngay trong qud trinh ldp, dong thoi cung
cap mot pipeline phan doan khong giam sat khong yéu cau dit liéu c6
nhin. Phuong phap da thé hién hiéu ning vuot trdi trong didu kién
thiéu do (NERR dat 86,39% vo6i N¢ = Nr = 10), vuot trdi 1o rét so voi
DF-DBIM (57,5%) [18]. Phuong phap niy di dugc cong bb tai cong
trinh [CT1] (twong ng tai li¢u tham khao [25]).

Pong gop thir hai: dé xuat phuong phap khir nhidu dua trén thudt
toan K-Nearest Neighbors (KNN) tich hop ngi vong lap DBIM cho
mdi truong nhiu cao (SNR = 1-6 dB). PAy la 1in dau tién trong tai
liéu UST, mot ky thuat hoc may khong tham s6 duoc nhing vao bén
trong tung vong ldp DBIM thay vi chi duwgc dung nhu mét bo phan
loai hau xtr ly. Phuong phéap dé xuat khong yéu cau dir liéu hudn luyén
va nhe hon cc phuong phap hoc sau nhiéu lan, dic biét phu hop véi
diéu kién SNR rit th?ip —noi viéc xay dung tap di licu huén luyén co
nhan gin nhu khong kha thi va cac phuong phap hoc sau post-loop
[22], [24] khong thé ap dung. Phuong phap nay da dugc cong bd tai
cong trinh [CT3] (twong Gng tai liéu tham khao [26]). Bén canh do,
ludn an con kiém chitng dwoc tinh tong quat ciia nguyén 1y loc néi
vong lap DBIM: ca loc trung vi (cho SNR vura) va KNN (cho SNR
thap) déu cho két qua cai thién dang ké khi nhiing vao bén trong vong
1ap DBIM, cho thay ddy 1a mot nguyén 1y thiét ké tong quat co thé mo
rong cho nhiéu loai bd loc khac trong tuong lai.



7. B6 cuc ciia luin 4n

Ngoai phﬁn mé dau va két ludn, ludn 4n g(‘A)m ba chuong noi dung,
danh muc cac cong trinh cua tac gia va danh muc tai liéu tham khao.

Chwong 1 trinh bay téng quan va co so Iy thuyét vé k§ thuat tao
anh siéu am cat 16p (UST): bdi canh nghién ctru, nguyén 1y va phan
loai cac ki thuat UST, cac nén tang 1y thuyét (phuong trinh song, ham
Green, xép xi Born/Rytov, thuit toan BIM/DBIM); phan tich han ché
clia cac phuong phép hién tai va 1am rd khoang trong nghién ciru.

Chuong 2 va Chwong 3 trinh bay cac dong gop chinh cua luan
an. Chuong 2 d& xuat phuong phap tich hop bo loc trung vi két hop
phan cum K-means vao ndi vong lip DBIM, hudng dén diéu kién
nhidu vira va bai toan thiéu do. Chwong 3 dé xuét phuong phap khir
nhiéu dya trén KNN tich hgp noi vong lip DBIM cho moéi trudong
nhiu cao (SNR = 1-6 dB), cai thién tinh 6n dinh va chat lugng anh
ngay trong qua trinh lap.

Phin ket ludn néu cac dong gop chinh cua luan an va hudng
nghién ciru tiép theo.

CHUONG 1. TONG QUAN VE CO SO LY THUYET VE KY
THUAT TAO ANH SIEU AM CAT LOP (UST)
1.1. Pit van dé va bdi canh nghién ciru

Siéu 4m 1a mot trong nhitng k¥ thuat tao anh y hoc phd bién nho
vu diém khong str dung birc xa ion héa, chi phi thap va thoi gian thyec.
Trong do, si€u am B-mode dugc st dung rong rai trong 1am sang, tuy
nhién phuong phap nay chi yéu cung cap thong tin dinh tinh va phu
thudc nhiéu vao kinh nghi€m cuia ngudi van hanh.

D¢ khic phuc cic han ché nay, siéu am cét 16p (Ultrasound
Tomography — UST) da duoc phat trién nhu mét hudng tlep can tién
tién, cho phép tai tao anh dinh lugng cua mai truong, chang han nhu
phan b toc do truyén 4m hodc mat dé mé. Nho d6, UST c¢6 tiém ning
nang cao d¢ chinh xac trong chan doan, dic biét trong phat hién cac
ton thuong nho.

Trong siéu am cét 16p, cac dau do dugc bd tri xung quanh ddi
tuong va hoat dong luan phién & ché do phat va thu. Khi song siéu am
lan truyén trong moi truong khong ddng nhét, né bi tan xa theo nhiéu
hudng. Cac tin hi€u tan xa nay dugc thu nhan tir nhiéu gbc khac nhau,
tao thanh tap di li¢u dau vao cho bai toan tai tao anh.

Qua trinh tai tao anh duoc xay dung dua trén vi€c giai bai toan
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nghich dao, trong do tr dit li€u do dugc suy ra cac tham s6 vat 1y cua
mdi truong. DAy 1a mot bai toan phirc tap do tinh phi tuyén va khong
on dinh.

K§ thuat siéu am dinh luong (¢ dy chinh 1a siéu am cét 16p) dugc
biét dén 1a s& cho nhiéu thong tin hitu ich/dinh luong hon so véi anh B-
mode . C6 hai hudng nghién ciru chu yéu vé k¥ thuét nay: K thuét siéu
am cét 16p dua trén 1y thuyét chiéu tia va Ky thuat siéu 4m cat 16p dua
trén 1y thuyét tan xa.

1.2. Siéu 4m cit 16p dua trén 1y thuyét chiéu tia:

Phuong phap chiéu tia (Ray- based) la cach tiép cén trong do sy
lan truyén ctia song siéu am dwoc x4p xi nhu cac tia truyén theo dudng
thang trong méi truong.

Phuong phap chiéu tia phtt hop v6i cac bai toan c6 d6 trong phan
thip va ciu triic 16n, tuy nhién khong dii chinh xac trong cac truong
hop can tai tao chi tiét nho.

Phuong phép chiéu tia gia dinh séng truyén theo dudng thing va
b6 qua hién tugng tan xa, do d6 ¢6 wu diém la don gian va tinh toan
nhanh. Tuy nhién, do khong xét day du ban chat song, phuong phép
nay c6 do chinh xac thip va khong phii hop véi cac bai toan yéu cau
do phan giai cao. Phuong phap niy bé qua hién twong tan xa va nhiéu
xa, do d6 don gian héa dang ké mo hinh vat 1y.
1.3.Phwong phap dua trén ly thuyet tan xa (Scattering-based)

Phuong phap duya trén 1y thuyét tan xa mé ta sy lan truyén ciia
song siéu 4m trong moi truong khong dong nhat, trong d6 song khong
chi truyén thang ma con bi tan xa theo nhicu hudng do sy thay doi cac
tham s vat Iy nhu tdc do Am hodc mat do.

Khéc v6i phuong phéap chiéu tia, phuong phéap nay xét dy dii ban
chit song, do d6 cho phép tai tao anh voi do chinh x4c cao hon.Phuong
phap tan xa nhay v6i nhiéu vi tin hiéu thu nhan 13 tong hop ciia cac
thanh ph?ln tan xa tlr toan bd moi truong, do d6 nhiéu tai bat ky vi tri
nao ciing anh hudng dén toan bo dir lidu.

C6 hai huéng nghién ciru trong k¥ thuat siéu 4m cat 16p dua trén
ly thuyét tan xa nguoc: Ky thuat siéu 4m cét 16p st dung phuong phép
xap xi Born bac 1va Ky thuat siéu 4m cit 16p st dung phuong phap
xap xi Rytor bac 1, k¥ thuat siéu 4m cit 16p sir dung phuong phap xap
xi Born bac 1 duoc cac nha khoa hoc uu dung hon boi: Piéu kién dé
phuong phap Xap xi Born bac mot kha dung la ap sudt tan xa nho hon
nhiéu so v6i p suét ctia song tGi trong ddi tugng tao anh. Khong gidéng
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nhu phuong phép xap xi Born, phuong phéap xép xi Rytor khong han
ché vé kich thudc clia ddi tuong tan xa, va do d6 phuong phap nay
thudng co gia tri cho mot pham vi rong ddi tugng tao anh. Tuy nhién,
phép nghich dao sir dung x4p xi Rytor thuong gip phai vin dé gap pha
(phase wrapping). Tir cac phan tich trén, khi diéu kién vé pha duoc
dam béo (|A¢| < ) thi k¥ thudt siéu &m cit 16p sir dung phuong phap
xap xi Born béc 1 hoat dong kha 6 6n dinh va cho chat lugng khéi phuc
anh du tot. Do d6, trong luan 4n nay, nghién ciru sinh lya chon k§ thuat
siéu am cat 16p sir dung phuong phép xap xi Born bac 1 dé tiép tuc
nghién ciru va phat trién phuong phép nay

1.4.Nhiéu trong anh si¢u Am gdém

Trong anh siéu am, nhiéu 1a yéu t6 khong thé tranh khoi va co
anh huong dang ké dén chat luong anh ciing nhu d¢ chinh xac trong
chan doan. Céc loai nhiéu thuong gip bao gom:

(i) Nhiéu xung (impulse noise), dién hinh 1a nhidu mudi tiéu (salt-
and-pepper);

(i) Nhiéu cong (additive noise), thuong duge mé hinh héa dudi
dang nhidu Gauss tring (AWGN);

(iii) Nhiu nhan (multiplicative noise), tiéu biéu 1a nhidu dém
(speckle noise).

Viéc khir nhidu trong anh y té n6i chung va anh siéu 4m néi riéng
1 mot thach thirc 16m, do yéu cau vira loai bé nhiéu vira phai bao toan
cac dic trung quan trong cuia anh, dic biét 1a cac duong bién. Mot
phuong phap khtr nhidu hiéu qua can dam béo sy can bang gitta kha
ning giam nhidu va bao toan chi tiét anh. Trong thyc té, cac phuwong
phép khir nhidu thuong duge xay dung dua trén cic k¥ thuat loc. Trong
cac loai nhiéu ké trén, nhidu dém (speckle noise) 1a thanh phan chiém
vu thé va c¢6 anh hudng 16n nhit dén chat lwong anh siéu am. Nhidu
nay phat sinh do hién tuong giao thoa cua cdc séng siéu am phan xa
tir cac cdu trac mo khac nhau trong co thé, va thuong biéu hién dudi
dang cac hat ngiu nhién trén dnh.

Do 1a nhiéu nhén, nhiéu dém cé ban chét phirc tap hon so véi
nhiéu cong, khién viéc xir Iy tré' nén khé khan hon. Nhidu dém lam
suy giam do twong phan va d phédn giai cta anh, che khuit cac chi
tiét quan trong, tir 46 anh huong truc tiép dén do chinh xac trong chan
doan. Ngoai ra, n6 con lam gidm hi¢u qua cta céc tac vu xu ly anh
nhu phéan doan.

Vi véy, giam nhidu dom 1a mot bude tién xtr Iy quan trong, dong
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vai tro quyét dinh trong viéc nang cao chat lwong anh siéu 4m va higu
qué cua cac phuong phap xir 1y tiép theo.
1.7. Két luan Chwong 1

Chuong 1 da trinh bay tong quan vé cac phuong phép tao anh
trong'y hoc, dac biét 1a siéu am cat 16p. Cac ky thuat truyén thong nhur
siéu am B-mode va chup cét 16p vi tinh (CT) da dugc phan tich nhim
lam 16 vu diém va han ché cua timg phuong phap. Trong dd, siéu am
cét 16p ndi bat voi kha nang cung cap thong tin dinh luong va tiém
ning g dung trong chian doan ma vin dam bao tinh an toan.

CHUONG 2.NANG CAO KHA NANG TAI TAO ANH SIEU AM
CAT LOP BANG PHUONG PHAP LQOC KET HQP VOI KY
THUAT HQC MAY

2.1. M& diu

Nghién ctru sinh dé xuat k¥ thuat loc trung vi nhdm giam nhiéu
ma khéng anh huong dén tinh toan ven ciu trac cua anh. Quy trinh
gom: thu thap dit liéu chup cat 16p siéu am, tai tao bang DBIM va ap
dung bd loc trung vi 1én anh tai tao; hi€u qua duoc danh gia dinh luong
qua sai s6 chuan hoa. Céc giai phap hoc may nang cao chat lugng anh
siéu am [109]-[113] thuong st dung k¥ thuat tinh toan phuc tap; b;"lng
cach tich hop loc trung vi vao DBIM két hop véi hoc may nhe, nghién
ctru hudng t6i mot giai phap toan dién cho van dé nhidu trong UST,
giam dang ké nhidu ma van duy tri cac chi tiét cAu tric thiét yéu ciia
anh.

Bén canh do, phan cum K-means — mgt phuong phap hoc may
don gian — duoc st dung dé ty dong phan doan anh tai tao thanh céac
mién dbi tuong, nén va nhiéu dua trén gia tri cuong do diém anh, sao
cho céc diém anh trong cting mot cum giéng nhau hon so véi cac diém
anh thuéc cum khac. Két qua cho thdy K-means phén biét hiéu qua
cac vung trén anh thu dugc bang phuong phap dé xuét, khang dinh
tiém ning cua viéc két hop loc trung vi vdi K-means dé cai thién phan
doan va phyc hoi anh siéu am cit 16p.
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Hinh 2.2. So’ d6 téng quét thuat toan Filtered DBIM (Chwong 2)

Vong Igp téi tao (bwéc lam sach = diémmeéi)  TEESTTERERIEER
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Hinh 2.2. So do thudt todn Filtered QBIM — bo loc trung vi duoc
nhung vao Budc 6 cua moi vong lap DBIM

anh @ lam sach duoc dua sang vong tiép theo

Hinh 2.1. So’ d6 téng quat nguyén ly loc ndi véng lap (ILFS)

Cap nhat anh Bwéc lam sach (loc) Vong tai tao tiép theo

sau méi vong cheén ndi vong lap dung anh da sach

Hinh 2.1. So d6 nguyén Iy loc ndi vong ldp (ILFS) — bé loc trung vi
duoc dat tai Buoc 6 cua DBIM, ngay sau cdp nhdt anh va truoc
vong ldp tiép theo

2.2. M phong va két qua

Céc tham sb md phong gom: tan s6 téi f= 1 MHz (dap ung diéu
kién xap xi Born); s6 may phat Nt va sé may thu Nr (xac dinh s6 phép
do NtxNr) dugc hi¢u chinh theo tung kich ban; Nsum = 5 vong lap;
ving quan tim chia thanh N = 12 pixel trén mdi truc (N2 = 144 bién);
duong kinh vung tdn xa 10 mm; do twong phan am 10%; khoang cach
tir may phat va may thu dén tdm vat thé 60 mm. Dé mo phong didu
kién thyuc té, nhidu Gauss cong co trung binh bang khong, d6 léch
chuén bﬁng 5% bién d0 cuc dai cda tin hiéu do duoc thém vao dir liéu
truong tan xa — phan anh nhiéu dién tir, bién thién do bd khuéch dai
va nhiu méi truong trong cac hé thong siéu am thyc té.

Can luu ¥ rang nghién ciru hién tai str dung dit liéu mo phong
trong diéu kién dugc kiém soat, cho phép dinh lwong chinh xac sai so
tai tao va so sanh truc tiép voi ddi tuong 1y tudng; viec ap dung cho
dir lidu thuc té s& duoc thuc hién trong cac nghién ctru tiép theo.
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Hinh 2.6. Anh tdi tao qua 5 vong ldp: DBIM théng thuong (hang
trén) va Filtered DBIM (hang duoi) tai N, = N, = 6
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Hinh 2.8. Anh tdi tao qua 5 vong ldp: DBIM théng thuong va
Filtered DBIM tai N, = N, = 10 (vong 5: DBIM phdn ky, NERR =
86,39%)

D¢ minh hoa hiéu qua ciia phuong phap DBIM di loc trong diéu
kién s6 phép do nhé hon s bién, ching t6i tién hanh phan tich so sanh
16i chuan hoa giita ky thuat DBIM da loc va DBIM tan sé kép (DF-
DBIM) [19], [20], [21], [22], nhu duoc trinh bay trong Bang
phuong phap DBIM di loc thé hién toc do hoi tu vuot trdi dang ké so
v6i phuong phap DF-DBIM, bang chimg 13 18i chudn hoa giam duoc
quan sat thiy & mdi lan lap. Bang chu ¥, ngay tur lan lap lai dau tién,
k¥ thuat DBIM loc cho thay r& rang toc do ho1 tu vuot troi so voi DF-
DBIM. Sy khac biét nay nhin manh hiéu suit vuot troi cia phuong
phap DBIM loc, dic biét khi xir Iy s6 lwong phép do bi han ché so véi
céc bién.
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Hinh 2.11. Ground truth, anh tai tao va phdan doan K-means (K=3):
Filtered DBIM cho phan doan sac nét, khop voi ground truth

Phuong phap d& xuat hoat dong theo nguyén 1y loc nodi vong lap
(Intra-Loop Filter Stabilization — ILFS): b¢ loc trung vi 2D duoc
nhiing tryc tiép vao Budc 6 ciia mdi vong 1ap DBIM — ngay sau khi
cap nhat anh va truge khi tinh Jacobian cho vong ké tiép. Khac biét
can ban so voi cac phuong phap trude day la co ché can thiép nam bén
trong vong lap, khong phai tién xur ly hay hau xur ly. Diéu nay cho
phép chan dimg chudi khuéch dai sai s6 ngay tir giai doan som, thay
vi chi "lam dep" anh dau ra sau khi nhiéu di tich liy.

Két qua thyc nghiém véi Nsum = 5 vong lap, nhiéu AWGN 5%
(SNR = 26 dB), ba kich ban Nt = Nr € {6, 10, 12} cho thiy: tai Nt =
Nr = 10, DBIM thong thuong phan ky ¢ vong 5 (NE tang tr 0,32 Ién
0,53) trong khi Filtered DBIM dat NE = 0,0721, tuong ung NERR =
86,39% — vuot trdi so voi DF-DBIM (57,5%). Phuong sai Monte
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Carlo giam tir 8,3% (DBIM thuong) xubng 1,2% (Filtered DBIM),
cho thay d6 6n dinh cao can thiét cho ng dung 1am sang.

U'u diém: (i) Giam NE tir 45-86% tuy kich ban; ngan phan ky ¢
diéu kién thiéu do nghiém trong. (i) Chi phi tinh toan bd sung dudi
0,01% mdi vong lip — khong anh huong dén téc d6 tong thé. (iii) K-
means K=3 cung cdp phan doan ty dong ba vung (dbi
tugng/nén/nhiéu), khong can dit liéu hudn luyén c6 nhan. (iv) Khong
thay d6i phan cimg h¢ thong UST.

Han ché: (i) Loc trung vi phtt hop voi nhiéu xung; kém hiéu qua
khi SNR rét thap (1-6 dB) do nhidu Gauss chiém uu thé. (i) Cira s6
loc ¢6 dinh k=1 ¢6 thé lam md bién min trong phantom phirc tap. (iii)
Két qua cha yéu kiém chimg trén phantom 2D don gian; chua trén dir
lidu 1am sang thyc. Nhitng han ché nay 1a dong luc phat trién phuong
phap KNN-filtered DBIM ¢ Chuong 3, nhim vao méi truong SNR
thap.

2.3 Két luan chwong 2

Chuong nay da dé xuat khuon kho tai tao anh co loc cho UST
bang cach nhiing loc trung vi vao quy trinh 1ap cua DBIM, két hop
phén cum K-means sau tai tao dé phan doan. Ket qua md phong cho
thiy phuong phap dé xuat giam dang ké sai so chuan hoa so véi ca
DBIM théng thuong va DF-DBIM trén cac cau hinh khéc nhau; anh
tai tao sat voi ham ddi tugng 1y tuong, bién sac nét hon va it nhiéu
hon; K-means phan dinh 15 cac viing ddi tugng, nén va nhidu, céi thién
kha niing dién giai anh.

CHUONG 3.NANG CAO KHA NANG TAI TAO ANH SIEU AM
CAT LOP BANG PHUONG PHAP LQOC KET HQP VOI KY
THUAT HQC MAY

Chuong nay trinh bay mét su tich hop mai: b6 loc khir nhiéu K-
Nearest Neighbors (KNN) thich ing dugc ap dung trong mdi 1an cap
nhat l3p cia DBIM — diéu ma theo hiéu biét ctia nghién ctru sinh chua
timg dugc bao cio trong chup cat 16p siéu am. Cach tlep can nay tang
cuong triét nhidu ma khong anh huong dén do phan giai ciu triic, khic
phuc han ché cua cac phuong phdp chinh quy hoa thong thudng (vi
du: Tikhonov) trong diéu kién nhiéu cao.
3.1 K-nearest neighbors (KNN) dé khir nhiéu trong DBIM

Nhiing wu diém chinh cua viéc st dung KNN trong DBIM bao
gom: (a) Bao toan chi tiét cAu triic: Khong giéng nhu cac bd loc 1am
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min truyén thong, KNN khong lam mo cac canh hodc 1am bién dang
cac dic diém tinh té trong anh duoc tai tao; (b) Kha ning thich ung
v6i Dit ligu phi tuyén tinh: KNN hoat dong dwa trén cac phép do tuong
dong thay vi cac phép bién doi ¢6 dinh, khién n6 phi hop véi cac tinh
huong hinh anh y sinh phurc tap; (c) Hiéu qua tinh toan: KNN khong
yéu cau tién huan luyén, khién n6 tro thanh mot giai phap nhe va dé
tich hop trong khudn kho DBIM lip.

Quy trinh téng thé ciia KNN-filtered DBIM duoc minh hoa trong
Hinh 3.3: khoi tao DBIM tur dir liéu truong tan xa do duoc (c6 thém
nhidu Gauss d& mé phong sai sé do thyuce te) ap dung budc khur nhiéu
KNN dé triét cac thanh phan nhiéu tan sd cao ma van bao toan thong
tin cdu tric; dung dir li¢u da khur nhiéu dé cap nhat ham tuong phan;
1ap lai cho dén khi hoi ty, thu dugc phan bd téc do am tai tao cudi
cung.

Khir nhidu KNN duoc ap dung trong khuén khd DBIM nhu sau:
(i) Nhan dang nhiéu: Tai mdi lan lap cia DBIM, truong duoc tai tao
bi anh hudng boi nhidu, diéu nay c6 thé gy ra sy bat 6n dinh vé s6 va
suy giam chat lugng anh; (ii) Lya chon 1an can cuc bo: Déi véi mdi
diém anh (hodc diém lu6i) trong anh dugc tai tao, mot tap hop K diém
anh 1an can g?m nhat duge xac dinh dya trén khoang cach Euclid; (iii)
Trung binh c6 trong sé: Gia tri cuong do cua diém anh myc tiéu dugc
thay thé bang gié tri trung binh c6 trong s6 ctia K diém anh lan can
gan nhat. Budc ndy 1am min nhidu dong thoi bao toan cic dic diém
c6 do tuong phan cao; (iv) Tinh chinh l&p lai: Anh d3 khir nhidu duoc
dua tro lai 1an 1ip DBIM tiép theo, ting cudng d6 6n dinh va ting toc
do hoi tu.

Hinh 3.3. So d6 téng quat thudt toan KNN-filtered DBIM (Chuwong 3)

Véng Iap téi tao (bwére 1am sach = diém méi)

DAUVAO
Song tan xa do duoc
(nhiéu RAT cao)

+ cdu hinh do

DAURA

Cap nhat Khir nhiéu Anh t4i tao
anh KNN gilr duoc cau
tir anh hign tai 441 i e

(bai toan thuan) 1ay phan lech nghich hém phan chinh st 1am sach anh

Dl’:;:);n So sanh Tinh
s6do chinh stra

+ anh khdi tao tréng di nhigu rét cao

anh da lam sach dugc dua sang vong tiép theo

Hinh 3.3. So' dé thudt todn KNN-filtered DBIM — b¢ loc KNN theo
cuong do dige nhiing vao Buée 6 ciia moi vong Idp DBIM thay thé loc
trung vi

Phuong phap KNN-filtered DBIM é&p dung KNN denoising theo
cuong do (khong gian cuong d, khong phai khong gian vi tri) vao
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Budc 6 ctia mdi vong lap DBIM. Véi mdi pixel xi, tim K lang giéng
c6 gid tri cuong dd gan nhdt va thay bang trung binh: ki =
(1/K)-XjeNK(i) xj. Phan tich giam phuong sai: Var(xi) = 6’n/K — v6i
K=5, phuong sai giam 5 1an, twong dwong ting SNR thém 7 dB. Anh
SNR = 1 dB sau loc KNN twong duong SNR = 8 dB, du dé DBIM hoi
tu 6n dinh.

3.2 Két qua va Thao luin

Thyc nghi€m trén phantom hinh try ban kinh 7,3 mm, f = 0,5
MHz, lugi 12x12, Nt = Nr = 12, ba mirc SNR = {6, 3, 1} dB. Két qua
vong lap dau tién: NERR dat 49,5% (SNR=6 dB), 49,0% (SNR=3 dB)
va 57,2% (SNR=1 dB) — xu hudng ting khi SNR giam, nhat quan voi
Iy thuyét: KNN hi¢u qua nhét khi nhiéu manh nhat. Qua 3 vong lap,
KNN-filtered DBIM duy tri NE thap hon nhét quan so véi ca DBIM
thong thuong va Median-filtered DBIM tai moi mirc SNR.

Déi twrgng md phong 13 hinh try tron v6 han véi d6 twong phan
tbc d6 4m 10%. Cac may phat dugc bd tri cach déu trén mot duong
tron bao quanh vét thé; véi mdi may phat, 12 may thu dit ¢ phia dbi
dién thu cac tin hiu tan xa.

Viéce tich hop loc KNN vao DBIM mang lai mot cai tién nhe va
linh hoat cho mét thudt toan tai tao da duoc thiét 1ap tbt, cho phép trién
khai trong cac ing dung lam sang hodc thoi gian thuc, cac hé thong
siéu 4m tai chd hay nén tang chi phi thap noi tai nguyen tinh toan va
dir liéu bi han ché, dong thoi bao toan kha ning dién giai vat 1y cia
DBIM va cai thién d6 bén trudc nhidu do luong.

mDBIM

Normalized error
O B N W A U1 O N 0 O

= KNN-filtered DBIM

6 3 1
Signal-to-noise ratio (dB)

Hinh 3.5. Sai s6 chudan héa NE sau vong Idp dau tién tai SNR = 6, 3
va 1 dB (NERR: 49,5%, 49,0%, 57,2%)

Uu diém: (i) NERR tang don di€u khi SNR giam — hi¢u qua cao

nhit ding ¢ diéu kién khé nhat. (ii) Khong yéu cau dit liéu huan luyén;
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hoat dong ngay trén ting anh tai tao. (iit) Nhe hon hoc séu nhiéu lan:

chi phi O(N4) = 8-10% mdi vong lip, phu hop trién khai trén thiét bi
khong c¢6 GPU. (iv) Kiém chimg tinh tong quat cua nguyén ly ILFS:

ca Median (SNR vira) va KNN (SNR thip) déu cai thién déng ké, goi
¥ ILFS 1a nguyén ly thiét ké mo rong duoc cho nhiéu bg loc khac.

DBIM KNN-filtered DBIM

i - - .

i- N L .
SNR=6dB I _ - Zw -

H - i o

i .

" ¥ E H

5 . i o

i ic L,
SNR=3dB " o .

i i i-

§w - § o

jo
SNR =1 dB z»

5

in

Hinh 3.6. Anh tdi tao sau vong ldp dau tién — DBIM théng thirong (hang
trén) va KNN-filtered DBIM (hang dudi) tai SNR = 6, 3, 1 dB
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—©— DBIM with SNR=6 dB
——EF - KNN-filtered DBIM with SNR=6 dB

Normalized error

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
Number of iterations

Hinh 3.7. Dién bién NE qua 3 vong lap tai SNR = 6 dB — KNN-
filtered DBIM duy tri NE thap hon ~50% ¢ moi vong

mDBIM  m Median-filtered DBIM KNN-filtered DBIM
9
7.9431
8
, 6.7668
.
s
@ 5.1155 4 8301
2 s
=
=4 3.3998
g 2.9517 3.2275
s 3 2414
=, 1.6482
: l
0

Number of iterations

Hinh 3.10. So sanh NE qua 3 vong lap cua DBIM, Median-filtered
DBIM va KNN-filtered DBIM tai SNR = 1 dB
Han ché va hwéng phat trién: (i) Chi phi O(N4) cao hon loc
trung vi; can GPU song song khi N > 32. (ii) Hiéu qua giam véi
phantom da d6i teong do phan phéi cuong do phirc tap hon. . (1i1) Chua
kiém ching trén dir liéu ldm sang in vivo. Huéng phat trién wu tién:
(1) Kiém chimg trén phantom vat 1y da 16p va dit liéu UST 1am sang;
(2) M6 rong sang tai tao 3D véi song song hoa GPU; (3) Khao sat cac
bd loc ILFS khac (bilateral filter, non-local means) dé m¢ rong ho
phuong phap.
3.3. Két luan
Chuong nay da gi6i thidu thanh cong phurong phép khir nhiéu hoc
may dua trén K-Nearest Neighbors (KNN) vao Phuong phap lap vi
phan Born (DBIM) dé tang cudng do on dinh tai tao va giam d¢ nhay
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nhiéu. Khung DBIM théng thuong, mic du hi¢u qua déi voi hinh anh
cat 16p, nhung lai c6 d6 nhay nhiéu cao va hoi tu cham trong cac diéu
kién kho khin. Bang cach tich hgp bo loc KNN vao quy trinh tai tao
lap, chung t6i da chimg minh dwgc nhiing cai tién ddng ké vé ca do
chinh x4c tai tao va d6 6n dinh hoi tu. Khong giéng nhu céc ky thuat
chinh quy héa théng thuong nhu chinh quy hoéa Tikhonov, von chi lam
giam d¢ 1éch ma khong giam nhleu hi¢u qud, phuong phap dua trén
KNN duge dé xuat tan dung céc mdi quan h¢ lan can cyc bo dé thuc
hién khir nhiéu thich img, dan dén d6 bén nhidu t6t hon va do trung
thuc cua hinh anh dugc cai thién. Mot kich ban mo6 phong lién quan
dén tai tao do tuong phan toc do am thanh da duoc thyc hién dé so
sanh hi¢u suat ciia phuong phap DBIM thong thuong va khung DBIM
tang cuong KNN dugc dé xuat. Két qua, dugc phan tich thong qua ca
ham déi twong duoc tai tao va sai s6 du tuong dbi, xac nhan rang
phuong phéap duoc dé xuat vuot trdi hon DBIM truyén théng vé kha
nang phuc hdi nhiéu, téc do hoi tu va chat luwong hinh anh téng thé. Cu
thé, nhitng phat hién ctia chiing t6i chi ra rang viéc khir nhidu dua trén
KNN lam giam cac hién tuong nhiéu trong qua trinh tai tao trong khi
van bao toan cac chi tiét ciu tric quan trong, khién no tré' thanh mot
gidi phap thay thé day hira hen cho céc ky thuat khir nhiéu tiéu chuan
trong chup cat 16p lap lai.

KET LUAN

Luén 4n déng gop ba diém méi c6 thé xac nhan bang bang ching
dinh lugng. Diém moéi thir nhat 1 vé nguyén 1y: tich hop bo loc phi
tuyén khong tham s vao bén trong vong lip DBIM tai budc cap nhat
anh. TAt ca nghién ctru trudc day hodc chi sir dung chinh quy héa toan
hoc ma khong can thi¢p vao anh trung gian, hodc loc sau khi vong lap
két thic. Viée dit bo loc tai dung vi tri trong vong lap khong phai sau
la sy khac biét can ban tao ra hi€u qua tich Iily quan sat dugc.

Diém méi thir hai 1a vé pipeline: két hop Filtered DBIM voéi K-
means khong giam sat [85], [86] tao ra quy trinh hoan chinh tir dir liéu
tan xa tho dén anh c6 nhin ngir nghia ba viing, hoan toan tyr dong,
khong can dit liéu huan luyén, khong can chuyén gia doc anh trong
budc phan doan.

Diém mi thir ba 14 vé bang chimg tong quat: hai chuong két qua
v6i hai bo loc khac nhau (Median va KNN), hai dai SNR khac nhau
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(26dBval-6dB), déu cho thiy nguyén 1y loc ndi vong lap hoat dong
nhat quan, goiy day 1a mot nguyén ly thi€t ké c6 tinh tong quat, khong
phu thude vao lua chon bd loc cu thé.

Trudc luan an nay, trong tai licu UST chua c6 phuong phap nao
dong thoi théa man bon tiéu chi: loc phi tuyén noi vong lap thay vi
hu xur 1y, hoan toan khong can dit liéu nhan huin luyén, khong thay
d6i phan cimg, va cho két qua tét hon phuong phap da tan so t6t nhat
trong cung 16p. Ca hai cong trinh [25] va [26] déu dap ung dong thoi
bbn tiéu chi ndy.
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