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T6i xin cam doan luan &n “ Phuong phép tao anh 4o dan hoi va d6 nhét cua
m6 mém bénh str dung k¥ thuat xir Iy nhidu” 1a két qua nghién ciu khoa hoc
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khac ngoai cac cong trinh céng bé cua tac gia. Luan an dugc hoan thanh trong
thoi gian ti lam nghién ctru sinh tai Hoc vién Khoa hoc va Cong nghé, Vién
Han Iam Khoa hoc va Céng nghé Viét Nam.
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Trong suét qua trinh hoc tap va thuc hién luan an tai Hoc vién Khoa hoc va
Cong nghé, tac gia da nhan duoc rit nhiéu sy quan tdm, chi dan va dong vién
tir thay co, ddng nghiép ciling nhu gia dinh. Nhitng sy hd tro nay da gép phan
quan trong dé tac gia cd thé hoan thanh cong trinh nghién ciu caa minh.

Trudc hét, tc gia xin bay to 10ng kinh trong va biét on sau sic t6i hai thay
GS.TS. Tran Pirc Tan - Pai hoc Phenikaa va TS. Tran Pire Nghia — Vién
han 1am Khoa hoc va Céng nghé Viét Nam. Sy tan tAm huéng dan, dinh huéng
nghién ctru ciing nhu nhiing 16i khuyén quy bau caa cac thay da gitp tac gia c6
thém dong luc va sy tu tin dé vuot qua nhimg kho khan trong qua trinh lam
nghién cau sinh. TAc gia ciing xin giri 16 cam on chan thanh dén TS. Lwong
Quang Hai vi sy chia sé, dong hanh va hd trg chuyén mon xuyén suét chang
duong thuc hién luan an.

Téc gia ciing xin giri 101 cam on dén tap thé thay cd, can bo caa Vién Cong
nghé Thong tin, Ban Lanh dao, Phong Pao tao cung cac don vi chirc nang cta
Hoc vién Khoa hoc va Cong nghé da tao diéu kién hoc tap, nghién ctiu thuan
loi va moi truong hoc thuat cai ma, gilp tac gia co thém co hoi dé phat trién
va hoan thanh dé tai.

Cudi cuing, tac gia xin danh tinh cam biét on sau sic dén gia dinh va nhiing
ngudi than yéu. Sy dong vién, khich 1é va dong hanh cua ho chinh 13 diém tua
tinh than viing chac, tiép thém nghi luc dé tac gia hoan thanh hanh trinh hoc
tap va nghién ctu nay.

Tac gia xin tran trong cam on!

Ha Ngi, ngay thding nam 2026
Tac gia luan an
(Ky va ghi rd he tén)

Nguyén Sy Hiép
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MO PAU

Trong nhitng ndm gan déy, ty 1& mic ung thu ¢ xu hudng gia ting trén toan
cau. Theo sé liéu tir bao cdo cua Global cancer 2022 thudc co quan nghién ctu
ung thu qudc té (IARC) cho thay ung thu 13 mot trong nhitng tac nhan gay tu
vong hang dau thé ky 21 (chiém 16.8%), mdi nam ghi nhan c6 téi 20 triéu nguoi
méc ung thu méi va gan 10 triéu ngudi tir vong mdi nam, cung nam do6 tai Viét
Nam c6 toi 180.480 ngudi mac moi va 120.184 ngudi chét vi ung thu. Trong
d6 nhitng loai ung thu chiém ti I¢ cao nhu ung thu gan, ung thu va cing chiém
13.6%, ung thu phdi 13.5%, ung thu dai truc trang 9.3%, ung thu da day 9%,
loai ung thu khac chiém 40% [1]. Pay 1a con sb dang bao dong, nhiéu nghién
ctru da chi ra rang nguy co mac ung thu ¢6 lién quan dén céac yéu to hanh vi va
moi truong, bao gom hat thudc 14, 6 nhiém khong khi, thira can va 16i séng it
van dong, nhitng yéu td ngay cang phd bién trong bbi canh d6 thi hda va coéng
nghiép hda hién dai [2-3]. Ung thu khong chi gay anh hudng dén bénh nhan va
ngudi nhad ma con tao ra ganh nang Ié6n cho hé thdng chiam séc stc khoe va
kinh té. Trong nghién cau [4-8] cho thay c6 ti khoang mot ntra s6 ca ung thu
duoc chan doan khi da & giai doan muon, diéu nay khién viéc diéu tri rat kho
khin va ton kém. Nguyén nhan xay ra tinh trang nay 1a boi & giai doan dau khi
kich thudc khéi u nho, ung thu khong c6 biéu hién rd rang [9-14] khi bénh tién
trién cd biéu hién cu thé ra bén ngoai thi luc do6 tinh trang da tién trién ning.
Piéu d6 cho thay viéc kham sic khoe dinh ki c6 ¥ nghia quan trong, phét hién
sém ung thu gitp ting co hdi séng cho bénh nhan va giam chi phi trong viéc
diéu tri [15-19]. Y hoc hién nay c6 nhiéu thiét bi chan doan hinh anh hd tro bac
sT trong viéc khdm bénh hiéu qua nhu siéu 4m, chup X-quang, chup cét 16p
(CT), chup cong huong tir MRI, SPECT-CT, PET-CT... Bay la nhitng k¥ thuat
hién dai gitp phat hién sém ung thu, tuy nhién mdi ky thuat cling co nhitng han
ché nhu chi phi kham cao, thoi gian kham lau (MRI, SPECT, PET-CT) [20-22]
gay buc xa ion héa (X-quang, CT) [23], day la nhitng tré ngai ddi véi nhiéu
ngudi trong viéc can nhic kham sic khoe dinh ki. Ngoai nhiing ki thuat ké
trén, hién nay k¥ thuat siéu 4m dan hoi md bd sung cho nhiing han ché cua cac
ki thuat chan doan hinh anh hién c6, day 1a mot cong nghé dang dugc quan tam
véi nhitg vu diém nhu an toan dbi véi co thé, khéng gay xam lan, khdng gay
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birc xa ion hoa, thoi gian thim kham nhanh, chi phi thap va do tin cay cao phu
hop cho viéc theo d&i nhiéu lan, lap lai [24-28]. Anh siéu 4m dan hdi mé cung
cap thong tin vé do cang ciia md, day 1a co sd dé chan doan sém bénh 1y (ung
thu v, ung thu tuyén giap, ung thu tuyén tién liét, xo gan) [29-32]. K§ thuat
nay c6 nhiéu uu diém; tuy nhién, van ton tai mot sé han ché lién quan dén cai
thién chit lwong anh siéu &m dan hoi md. Xuat phét tir nhitng thach thuc ki
thuat con ton tai trong viéc cai thién chat lugng anh dan hdi-nhét, luan &n tap
trung nghién ciru va phat trién cac phuong phap xir Iy tin hiéu tién tién nham
nang cao d chinh xac ctia anh mé dun truot phirc trong diéu kién nhiéu va moi
truong mo phic tap. Pay 14 co s¢ dé hinh thanh dé tai: "PHUONG PHAP
TAO ANH PO PAN HOI VA PO NHOT CUA MO MEM BENH SU
DUNG KY THUAT XU LY NHIEU" mét huéng nghién cau cé tinh thuc
tién cao, dang nhan duoc sy quan tam rong réi cua cong déng khoa hoc trong
linh vuc xu ly anh y sinh

Muc tiéu chung.

Muc tiéu caa luan an la xay dung va phat trién cac phuong phap, mé hinh giai
thuat nham udc luong chinh xac d6 dan hdi va do nhét cia mé mém tir trudng
van tdc song truot thu duge, ddng thoi cai thién chat luong anh dan hdi va anh

nhét trong moi trudng moé khong dong nhat.
Poi twong nghién ciu.

Péi tugng nghién ciu cua luan an 1a tin hiéu van toc song truot thu dugc trong
qua trinh khao sat mé mém sinh hoc bang ky thuat siéu am dan hoi mé, tir d6
udc lugng mo dun truot phirc bao gom d6 dan hoi va do nhét cia mo, dic biét
trong mdi truong moé khong ddng nhat ¢ chira khéi u.

Muc tiéu cu thé.

1. Bé xuét khung udc luong méd dun truot phirc (gom dong thoi do dan hoi va
d6 nhét) dua trén phép nghich dao dai sé6 Helmholtz (AHI), vai quy trinh két
hop tuan tu cac bo loc LMS, dinh huéng va trung vi phi hop véi dac tinh riéng
cua tirng loai nhidu (ngau nhién, phan xa, ddm), nham nang cao d6 6n dinh va
d6 chinh xé&c caa anh dan hdi-nhdt trong méi trudng moé khong dong nhat.
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2. Dé xuat mé hinh kich thich da diém két hop chudi xi Iy nhidu va phép nghich
dao AHI nham bu dép suy hao ning luong séng truot va cai thién do dong déu
SNR, qua d6 nang cao chét luong anh dan hdi—nhét & viing mé sau; hiéu qua
duoc kiém chimg dinh lugng bang RMSE va Q-index.

Phuwong phap nghién cuu.

Luan an sir dung phuong phap mé phong sé két hop xu 1y tin hiéu. Phuong
phap sai phan hitu han mién thoi gian (FDTD) duogc sir dung dé md phong su
lan truyén séng truot trong mo sinh hoc khéng dong nhat. Phuwong phap nghich
dao dai s6 Helmholtz (AHI) duoc 4p dung dé udc lugng md dun truot phic tir
truong van tée song trugt thu duoc. Cac b loc LMS, trung vi va dinh hudng
duoc tich hop tuan ty dé xir ly cac dang nhidu dic trung. Két qua dugc déanh
gia dinh luong thdng qua chi s6 sai s6 binh phuong trung binh géc (RMSE) va
chi s6 chét luong anh (Q-index).

Noi dung nghién ctru.

So véi cac hé théng chan doan hinh anh nhu MRI, CT hay X-quang vén doi
hoi lap dit co dinh do kich thuéc 16n va yéu cau nghiém ngat vé an toan bic
Xa, hé thong siéu 4m c6 wu diém noi bat vé tinh co dong, chi phi dau tu va van
hanh thap, dong thoi khdng gay nguy hai cho bénh nhan. Nho do, siéu am c6
thé dugc trién khai rong réi ké ca tai cac co so' y té tuyén co s6, hd trg hiéu qua
cho bac si trong qué trinh chan doan. Tuy nhién, k¥ thuat siéu am ciing ton tai
mot s6 thach thirc, khi chat lugng anh siéu &m bi anh huong béi nhidu va su
suy giam ning luong khi lan truyén trong mé. Trong pham vi caa luan an nay,
dbi twong nghién ctu 1a anh siéu 4m dan hoi md dya trén van tdc song truot
wdce luong dugc, tap trung giam thiéu tac dong cua nhidu dé thu dugc anh do
dan hodi va d6 nhot chit lugng cao, tao thuan lgi cho viéc quan sat, danh gia va
so sanh.

Co sé khoa hoc va thuc tién cia dé tai.

Siéu am dan hoi mo, dac biét 1a ky thuat do dac va tai tao anh do dan hoi, do
nhét tir song truot, dd dugc ching minh 1a mét cdng cu quan trong trong chan
doan s&m cé4c ton thuong mdé mém, dic biét 1a khdi u. Trong nhiéu nghién ctu
1am sang, cac tham s co hoc cta mo, nhu 6 dan hoéi va do nhét, thé hién kha
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ning phan biét ton thuong &c tinh tdt hon so véi viéc chi dua trén anh siéu am
B-mode.

Tuy nhién, viéc tai tao anh dan hdi va anh nhét trong thuc tién van d6i mat voi
nhiéu thach thirc. Cau tric mé khong dong nhat gay ra cac hién tuong phan xa
va tan xa phuec tap, trong khi tin hiéu song trugt thu duoc lubn chiu anh huong
d6ng thoi cua nhiéu dang nhidu khac nhau, bao gdm nhidu ngau nhién phét sinh
tir hé thdng thu nhan, nhidu ddm dic trung cua anh siéu am va nhiéu phan xa
tai ranh gigi mé. Bén canh d6, ning lugng song truot suy giam dang ké theo do
sau, 1am giam ty s tin hiéu trén nhidu va gay sai léch trong wéc luong cac tham
s6 co hoc & viing mé sau. Nhiing thach thirc nay dat ra nhu cau cip thiét phai
phat trién cac thuat toan xu ly nhiéu chuyén biét, c6 kha nang udc luong chinh
xac dong thoi do dan hoi va do nhdt cia md mém, dong thoi cai thién chat
lwong anh trong diéu kién mo phuc tap, diy chinh 1a co sd khoa hoc va thuc
tién dé hinh thanh dé tai cua luan an nay.

Nhirng dong gop méi caa luan an.

TOm tiat mot s6 dong gop chinh cua luan an.

1. Pé xuat phuong phap uéc lugng d6 dan hoi va dé nhét cia moé mém tir van
tdc song truot. CUng véi do, dé cai thién chit luong anh d6 dan hoi va do
nhét trong méi trudng khong dong nhat (méi truong chira khéi u) (Tuong
ung vai cac cong trinh nghién cuiru [2] va [4-7] trong danh muc cac cdng trinh
da cong bo).

2. Udc lugng anh do dan hoi va do nhét cling véi cai thién chat lugng anh trong
vung mo sau khi khao sat. (Twong wrng vaéi cac cong trinh nghién cuu [1] va
[3] trong danh muc céc cong trinh da cong bd)

Bo cuc luan an.

CHUGONG 1: TONG QUAN VE KY THUAT SIEU AM PAN HOI MO

Trong chuong nay NCS trinh bay béi canh va y nghia cua ky thuat siéu &m
dan hdi mé trong chan doan y hoc, dic biét truéc nhu cau ngay cang ting vé
cac phuong phap khong xam 14n va phét hién sém ung thu. Cac han ché cua
nhitng k¥ thuat chan doan hinh anh truyén théng dugc phan tich, tir d6 lam
rd vai trd cua siéu am dan hodi moé trong danh gia dic tinh co hoc cia mo sinh
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hoc. Chuong nay ciing trinh bay co s& Iy thuyét caa siéu am dan hoi mo,
trong d6 nhan manh mdi lién hé gitta van téc séng truot va mé dun dan hoi,
d6ng thoi mo rong sang md ta nhot—dan hoi thong qua méd dun truot phuc.
Tong quan cac nghién ctu lién quan cho thay viéc udc luong dong thoi do
dan hdi va d6 nhdt co y nghia quan trong trong phan biét mé lanh va md
bénh. Bén canh do, cac van dé tén tai nhu nhifu do, séng phan Xa va suy
giam nang luong ¢ ving sau duoc chi ra nhu nhirng thach thac chinh. Tir do,
chuong nay xac dinh khoang tréng nghién ctru va dinh hudng tiép can cua
luan an dya trén mod phong FDTD két hop bién doi nguoc dai s6 Helmholtz
(AHI-Algebraic Helmholtz Inversion) va céc ki thuat xi Iy tin hiéu dé nang
cao chat lugng anh dan hoi-nhot mé.

CHUONG 2: PHUONG PHAP KET HOP LOC NHIEU CAI THIEN CHAT
LUONG ANH DAN HOI/NHOT

Trong chuong ndy, nghién ctu sinh st dung phuong phap FDTD dé md
phong su lan truyén caa song truot do Kim rung gay ra trong mé. Tin hiéu
van téc thu duoc dugc tién xur Iy nham suy giam céc nhiéu dic trung ciia anh
siéu &m, bao gom nhiéu ngau nhién, nhiéu d6m va nhiu phan xa, théng qua
bo loc LMS, bo loc trung vi va bo loc dinh hudng. Trén co s tin hiéu da
dugc khir nhidu, AHI dugc 4p dung dé udc luong moé dun trugt phuc
(Complex Shear Modulus CSM), bao gom d6 dan héi va do nhét caa mo.
Két qua 1a cac anh 2D do dan hoi va do nhét, duoc danh gia dinh luong bang
chi s6 RMSE nham kiém ching hiéu qua cia phuong phap dé xuat.

CHUONG 3: MO HINH KELVIN-VOIGT VOI KiCH THICH DA DIEM
CHO ANH DAN HOI/NHOT TRONG MO SAU

Suy giam ning luong theo do sau 1a dic trung cb hitu cia séng truot trong
mo sinh hoc. Hién twong nay 1am giam dang ké ty sé tin hiéu trén nhiéu
(SNR) tai cac viing xa nguon kich thich, ddn dén sai léch trong uéc luong
md dun trugt phirc va 1am giam chét luong anh dan hdi—nhét & ving mé sau.
Dé khic phuc han ché nay, luin an dé xuat mo hinh kich thich hai diém,
trong d6 anh dan hdi-nhét dugc tdng hop tir hai ngudn phat doc 1ap nham bu
dap sy suy giam ning luong va cai thién do dong déu cia SNR trén toan
viing khao sat. Anh d6 dan hdi va do nhot dugc két hop tir hai ngudn gidp
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khic phuc van dé nay. Bé chat lugng anh duoc cai thién hon, hai bo loc LMS
va bo loc trung binh ciing duoc sir dung dé loai bo nhidu. Két qua thu duoc
anh 2D d6 dan hoi va d6 nhét caa md. Két qua duoc so sanh dinh luong Voi
viéc sir dung chi s6 Q-index va RMSE.
Cac két qua va dong gop khoa hoc cua luan 4n da duogc trinh bay va céng b
trong cac 4n pham khoa hoc, bao gom cac tap chi va ky yéu hoi nghi chuyén
nganh.
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CHUONG 1: TONG QUAN VE KY THUAT SIEU AM PAN HOI MO

1.1. Bi canh va y nghia cia dé tai

Trong nhiéu thap ky qua, su gia ting nhanh chong cua cac bénh ly &c tinh
nhu ung thu da dat ra yéu cau cap bach vé nhitng ky thuat chan doan khong
xam l4n, an toan va c6 kha ning phat hién sém. Hién nay, c¢d nhiéu ky thuat
chan doan hinh anh duoc su dung trong y hoc, mdi phuong phap déu c6 wu
diém va han ché riéng. Trong d6 chup X-quang va chup cit Iép (CT) cho hinh
anh ciu trac c6 do phan giai cao, dugc dung dé khao sat ton thuong phan cing
nhu gdy xuong, danh gia ton thuong phdi hay kiém tra bat thuong caa vi (hinh
1.1). Tuy nhién k¥ thuat nay gy buc xa ion hda, c6 thé gay ton thuong cau tric
di truyén, k¥ thuat nay khdng phi hop cho viéc chan doan 1ap lai nhiéu lan.

Hinh 1.1: Mt ca chup nhii anh! va anh X-quang nhii anh?

Chup cong huong tir (MRI) gitp quan séat cau tric mé mém mot cach chi tiét
va rd nét, tuy nhién chi phi cao va thoi gian chup kéo dai, c6 thé mat hang tiéng
d6ng hd cho mot ca chup. Ngoai ra, dé phat hién ung thu PET-CT va SPECT-
CT Ia k¥ thuat rat manh giGp phat hién ung thu va méc d6 di can caa khdi u,
nhung k¥ thuat st dung dong vi phong xa va buc xa ion hoa, dac biét voi
phuong phap nay chi phi cho mot lan chup rat tén kém kho cho s6 dong bénh
nhan ¢ thé tiép can [20-23]. Khic phuc nhitng han ché trén, k§ thuat siéu am

L R. A. Reeves and T. Kaufman, “Mammography,” in StatPearls,

StatPearls Publishing, Treasure Island (FL), updated Jul. 2023 [33].

2V. Hernstrom et al., “Screening performance of breast cancer in the MASAI
trial,” Lancet Digit. Health, 2025 [34].
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dan hdi md dang 1a lya chon duoc quan tdm va sir dung rong réi, véi nhitng uu
diém khong xam lan db tin cdy cao, an toan, chi phi thap va cd kha ning tao
anh thoi gian thyc. Anh siéu am dan hoi mé khéng chi cung cap théng tin hinh
thai ma con cho phép udc lugng tinh chat dan hoi, nhét cia md sinh hoc, mot
théng tin c6 gia tri chan doan cao gidp phan biét mé lanh va mé bénh [35-39].

Hién nay ung thu va 1a loai ung thu phé bién nhat & phu nix va dang thir hai
vé ty 1¢ tir vong do ung thu. Céc k§ thuat chan doan hinh anh déng vai trd quan
trong trong phat hién sém ung thu. Trong d6, dd cing cua mo la mot chi béo
quan trong gidip phan biét ton thuwong lanh tinh va ac tinh, boi mé 4c tinh thuong
c6 do climg cao hon, vi dic tinh ndy siéu am dan hoi mé dwoc ung dung rong
rai véi nhitng wu diém nhu khong xam 1an, khong doc hai va chi phi thap [40-
41]. Nhiéu nghién ciru da ching minh gia tri cua anh dan hoi mé trong viéc
phan biét ton thuong lanh tinh va 4c tinh. Vi du, Chang va cong su bao céo rang
cac khéi u vi ac tinh c6 d6 cimg cao hon nhiéu (153,3 + 58,1 kPa) so Vai cac
khdi u lanh tinh (46,1 + 42,9 kPa) [42].

Trong nghién ctiu ciia Zhoumiao Tao va cong su tién hanh nghién ciu trén
98 bénh nhan trong d6 c6 bao gom 45 truong hop u lanh tinh va 53 truong hop
ac tinh, déu duoc kiém tra bang siéu am dan hoi md, két qua dat do dac hiéu
94,44% va d6 nhay 86,89%. So véi cong huong tur tang cuong twong phan dong
(DCE-MRI), anh siéu am dan hoi cho két qua tiém can, khi két hop hai phuong
phap, d6 dic hiéu ting 1én 98,36% va do nhay dat 90,74%. Cac két qua nay cho
thay anh siéu am dan hoi dong gop dang ké vao viéc nang cao do chinh xac
chan doan khéi u va, gidp giam thiéu s ca phai sinh thiét khéng can thiét [43].

Phan tich tong hop (meta-analysis) do Liang Sang va Xue-mei Wang cling
cong su thuc hién danh gia viéc sir dung siéu Am dan hoi song truot (Shear
Wave Elastography- SWE) trong phét hién ung thu tuyén tién liét. Khi so sanh
véi két qua sinh thiét, SWE thé hién hiéu nang chan doan cao, v4i do nhay tong
hop dat 84,4%, d6 dic hiéu dat 86%, va ty sb chénh chan doan (Diagnostic
Odds Ratio) dat 33,07 [44]. Ngoai khao séat bénh Iy lién quan dén tuyén giap,
tuyén tién liét, vi, song siéu 4m dan hoi con st dung cho viéc kiém tra muic do
xo héa gan [45-51] bang ky thuat fibroscan (hinh 1.2).



Hinh 1.2: Ky thugt fibroscan trong kiém tra xo gan®

1.2. Co sé ly thuyét ciia siéu Am dan hoi md

Trong tham kham bénh, tir xa xua mot trong nhiing phuong phép quan trong
dé phat hién bénh 1a so nan dé xac dinh do cing cia md. Ngay nay phuong
phap nay van con duoc &p dung trong chan doan 1am sang, dé xac dinh mo
bénh bat thuong, thdng tin vé do ciing caa mo rat hiru ich dé chan doan bénh.
Tuy nhién phwong phap nay phu thudc nhiéu vao kinh nghiém cta bac si, mang
tinh cht quan khi danh gia.

% +Q-Box™ [Trae
Mean
Min
Max
SD

Area

Q-Box™ Trace
Mean
Min
Max
i~ SD 1.0

Hinh 1.3: Anh siéu am dan héi v cua bénh nhan ni#
K§ thuat siéu am dan hoi md cho hinh anh siéu &m véi mau sic biéu thi muc
dd d6 ctrng cuaa mo. Trong hinh 1.3 d6 cung cia m0 dugc ma hda dudi dang
mau sac, bién thién tir xanh dam toi mac cang nhat 1a do dam, diéu nay anh

3 Afdhal NH. “Fibroscan (transient elastography) for the measurement of liver fibrosis” [52].
4 C. Liu et al, “Feasibility of Shear Wave Elastography Imaging for Evaluating the Biological Behavior of
Breast Cancer” [53].
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siéu &m mode B khong cé. B cing ctia mod c6 don vi 1a pascal va dugc xac
dinh bai cong thtre (1.1) [55].

x>
Ie

Hinh 1.4: Mitc bién dang dudi tdc déng cua luc nén

S
E=> (1.1)

Trong d6: s la luc nén, e 1a mtc do bién dang cua mé, E 1a mé dun young
(hinh 1.4). Nhiéu nghién ctru da chung minh gié tri cia ky thuat dan hdi mé
trong viéc phan biét giita ton thuong 4c tinh va lanh tinh. P9 cing & cac md ac
tinh 16n hon dang ké so véi ¢ khéi u lanh tinh [42].

Bang 1.1: B¢ cing cia mét sé logi mo®

Loai md mdm Mé dun Young | Ti khoi
' (E, kPa) (p, kg/m?)
Vi
MG binh thuong 18 -24
Tuyén binh thuong 28 — 66
MO sgi 96 — 244
Ung thu biéu mo 22 — 560
Tuyén tién liét
Vung trude binh t_hu(‘mg 55_ 63 1000 + 8%
(Normal anterior)
Vung sau binh th_u:ong 62 71
(Normal posterior)
Phi dai lanh tinh 36 —41
Ung thu biéu mo 96 — 241
Gan
Binh thuong 04-6
Xo gan 15-100

5 J. Bercoff, “ShearWave™ Elastography,” White Paper, SuperSonic Imagine S.A., France, 2008 [56].
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Bang 1.1 biéu thi d6 cang cua md lanh va md bénh, cac sb liéu chi ra mod
bénh thudng cimg hon mé lanh. Cu thé & md vu, ung thu biéu md ¢ do cung
22-560 kPa, md binh thuong 18-24. Do d6, viéc xac dinh dugc d6 cing cia mo
mang y nghia quan trong trong chan doan va phat hién sém ung thu. Trong moi
truong md véi ti khdi khoang 1000 kg/ms2, séng &m (s6ng doc) co thé lan truyén
Vi van tde cao 1én dén hon 1500 m/s trong khi song truot (sdng ngang) chi co
van téc dao dong trong khoang tir 1 dén 10 m/s, do 16n van téc phu thudc nhiéu
vao dic tinh co hoc ctia mo, dac biét 1a ¢ dan hoi. Méi lién hé gitra van toc lan
truyén cua song truot va do cing ciia mé dugc md ta boi phuong trinh (1.2)
[57-59]:

E =3pc’ (1.2)

Trong d6: p | ti khdi cia mo, c 1 van téc song truot va E 1a do dan hoi. Tur
cong thuc trén ¢ thé thay néu do duogc gia tri van tc song truot s& biét duoc
d6 dan hdi cia mé. Trong cac vat lieu mém sinh hoc, dic biét 1a md sinh hoc,
dap tng co hoc ddi véi song bién dang chiu anh huong dong thoi cua hai yéu
t6: Thanh phan dan hoi va d6 nhét (mé dun trugt phire CSM). Néu chi sir dung
mo dun dan hoi thuan dé mé ta dic tinh co hoc, ta s& bo qua anh hudng cua su
tiéu tan nang luong, mot yéu té quan trong phan anh tinh nhét/dan hoi thuc cua
mo. Pé khac phuc han ché nay, mé dun truot phtc dugc sir dung, bao gom hai
thanh phan: moé dun dan hoi thé hién kha nang luu trir nang luong bién dang,
va mo dun nhét dac trung cho kha nang tiéu tan nang luwong do ma sat noi tai
caa mo.

1.3. Thach thirc anh hwéng téi chat lwong anh siéu 4m dan héi mo

Trong siéu am dan hoi mé, tinh chat co hoc ciia mo dugc suy ra tir van toc
lan truyén cua song truot thu duoc, thay Vi tir bién do phan xa siéu 4m nhu
trong ché do B-mode. Tuy nhién, tin hiéu thu nhan dé udc lwong van toc séng
truot c6 thé bi anh huong bai nhiéu loai nhidu va sai léch, 1am suy giam do
chinh xé4c caa anh dan hoi va do tin ciy cua céc tham sé dinh luong. Nhiing
nhidu nay khong chi anh huang téi chat luong hinh anh ma con lam giam do
tin cay cua cac thong sb dinh lugng, dic biét trong cac viing mé sau, nhitng yéu
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t6 co y nghia quan trong trong chan doan. Cac thach thirc nay dugc phan tich
theo ting loai nhidu cu thé dudi day.

1.3.1. Nhiéu ngdu nhién

Nhiu ngau nhién trong anh siéu am cha yéu phat sinh tir cac thanh phan cua
hé théng thu nhan va xt 1y tin hiéu, thay vi tir ban chat caa mé sinh hoc. Trong
qua trinh tao anh, nhiéu dién tir do dao dong dién trong cac linh kién nhu dau
dod, mach tién khuéch dai, b khuéch dai va bo chuyén ddi twong tu—sb co thé
chen vao tin hiéu thu nhan va duoc ghi lai dudi dang céc bién thién ngau nhién
trong anh. Ngoai ra, nhidu nhiét vén xuat hién do chuyén déng nhiét cua céc
electron trong vat liéu dién tir cling 1a thanh phan co ban caa nhidu ngau nhién,
gop phan lam giam ti s6 tin hiéu trén nhidu (SNR) trong quéa trinh thu nhan.
Céc diéu kién moi trudng va van hanh nhu dao dong dién &p nguon, nhidu dién
tir tir thiét bi xung quanh va tiép xtc khdng 6n dinh gitta dau do va da bénh
nhan c6 thé lam ting mac d6 nhidu ngau nhién, khién tin hiéu thu duoc cang
Xa gia tri thuc caa mé.

Anh hudng cta nhiéu ngau nhién ddi véi chat lugng anh siéu am 1a dang ké.
Nhiéu lam suy giam ti so tin hiéu—nhiéu va do tuong phan cta anh, dan dén anh
c6 cac dao dong cuong do khong lién quan dén cau tric mo thuc té, anh huong
truc tiép dén kha ning quan sat va phan biét cac chi tiét giai phau hoic ton
thuong nho. Nhitng dao déng nay l1am anh xuat hién cac diém sang tbi ngau
nhién, 1am giam d6 rd rét cua cac dic trung hinh anh nhu bién, két cau va do
trong phan gitra cac ving moé khac nhau. Diéu nay tac dong tiéu cuc dén hiéu
qua cua cac thuat toan xu Iy anh tu dong, bao gém cac bude phét hién bién,
phan doan va trich xuét dic trung, boi vi cac bién thién do nhiéu cé thé bi nham
véi céc tin hiéu mo hoc thuc su. Do d6, nhiéu ngau nhién khong chi gay giam
chat lwong truc quan cua anh siéu &m ma con 1am suy giam do chinh xac cua
cac ung dung dinh lugng va hd tro chan doan dua trén anh. Su ton tai cta nhiéu
ngau nhién 1am suy giam dd tin ciy cac phép do dinh luogng trong anh dan hoi.
Vi céc thuat toan udc luong dic tinh co hoc thudng dua vao van téc hat séng
trurot c6 bién do rat nho, khi nhidu ngiu nhién gia ting, cac tin hiéu hitu ich nay
dé bi bién dang, gay ra sai sé trong anh dan hoi dugc uéde luong. Nhing sai s
nay khong chi gidi han kha nang phan biét mé thuong, md bénh ma con lam
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giam do chinh xéc cta phép do hai yéu té quan trong trong khao sét 1am sang
va theo d&i diéu tri.
1.3.2. Nhiéu phdn xg trong méi trwong khong dong nhat

Trong mdi truong mo sinh hoc khong déng nhat ¢ chira khéi u, su hinh
thanh nhiu phan xa gan chit véi sy chénh léch tré khang &m Z gitra cac loai
md. Tro khang &m cua mot méi truong dugce xac dinh bai (1.3).

Z=pc (1.3)

trong d6 p 14 ti khdi va c 12 van téc lan truyén song am trong moi trudng do.
Khi séng siéu am lan truyén trong mé mém va gip khéi u co do dan hoi 16n
hon, khién cho van téc thay d6i dang ké. Trong khi ti khdi cia mé lanh va khéi
u khong khéac biét nhiéu. Su chénh léch tro khang am nay quyét dinh tryc tiép
ty 18 bién do song bi phan xa tai bé mat khoi u (hinh 1.5). Cu thé, hé sb phan
Xa tai ranh giéi hai moéi truong dugc xac dinh baéi (1.4) [60].

R_ZZ_Zl

7,47, (1.4)

trong d6 Z; va Z, lan luot 1a tré khang am cia moé mém va khoi u. Khi do
chénh léch gitta Z; va Z, cang 16n, gia tri R cang tang, dan dén bién d6 song

phan xa trg lai ngudn phat cang manh. Séng phan xa nay co thé tron 1an véi
song tai gay sai Iéch trong qua trinh udc lugng.

Song i1 i

Ngudng 1 Noudng 2

Hinh 1.5: Nhiéu phan xa xudt hién tai tiép giap gita hai méi truong
1.3.3. Anh hwong cia nhiéu dém dén nhan dgng bién md
Trong anh siéu am v, nhidu d¢ém (speckle noise) 14 mét dang nhidu dic
trung va khong thé tranh khai, phat sinh trong qua trinh séng siéu &m lan truyén
va phan xa khi di qua cac ciu trac vi mé khong ddng nhat caa md sinh hoc. Do
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song siéu 4m duoc phan xa dong thoi tir nhiéu vi tri khac nhau trong mé, cac
tin hiéu thu vé c6 cuong d6 va pha khac nhau va dugc ghi nhan cung Iic tai dau
do, tao ra cac hoa van dang hat I6m dém trong anh siéu am. V& ban chat, day
1a hé qua caa su chong chap va giao thoa ngau nhién caa nhiéu thanh phan tin
hiéu phan xa, thay vi phan anh truc tiép dic tinh vat ly thuc caa mo.

Ngoai co ché vat Iy gan véi qua trinh tao anh, cac hoa vin nhiéu dang dém
cling c6 thé phat sinh hoic bj ting cudng trong qua trinh thu nhan va xu Iy tin
hiéu, nhu phép bién ddi mién tan sd, loc, hoac khuéch dai céc thanh phan cao
tan. Do d6, nhidu dém cd thé dugc hiéu theo nghia tong quéat 1a dang nhiéu biéu
hién dudi cac hoa vin dang hat phan bé ngau nhién trong khéng gian, khong
phu thudc duy nhat vao ngudn goc vat ly hay thuat toan. Su hién dién cua nhiéu
d6m gay anh huong tiéu cuc rd rét dén chat luong anh siéu am, thé hién qua
viéc 1am giam d6 phan giai khong gian va do twong phan, khién anh tré nén
kém min va thiéu dong nhat. Cac hat nhiéu c6 thé che khuét hodc 1am bién dang
cac chi tiét cau trdc quan trong, dic biét 1a ranh gigi gitta cac ving mé khac
nhau, dong thoi 1am suy giam d6 on dinh cta cac phép ude luong dua trén tin
hiéu hoac anh siéu am, dan dén hién tuong mo bién, 1am giam kha niang phan
biét gitta md lanh va md bénh, tir d6 gay kho khan cho bac si trong viéc quan
sat, nhan dang ton thuong va danh gia chinh xéc tinh trang bénh ly [61].

Hinh 1.6: Anh siéu am truéc (a) va sau (b) khi khi nhiéu dom®

Tac dong nay tré nén nghiém trong hon dbi véi cac tén thuong nho, tén
thuong c6 d6 twong phan thap hoic & giai doan som, khi cac dau hiéu hinh anh

®Li X, Wang Y, Zhao Y, Wei Y. Fast Speckle Noise Suppression Algorithm in Breast Ultrasound Image
Using Three-Dimensional Deep Learning [62].



15

vbn da khong 16 rang. Ngoai anh huong dén quan sét truc quan, nhidu ddm con
lam giam d¢ tin cay cua cé4c thuat toan xu ly va phan tich anh ty dong. Su bién
thién cuong do do nhidu dém gay ra cd thé 1am sai léch cac dic trung hinh anh
nhu bién, tir d6 lam tang nguy co nhéan dang sai va giam d¢ chinh xac cua cac
phuong phap phan doan, trich xuét dac trung va phan loai anh siéu am. Néu
qua trinh khir nhidu khéng duoc thuc hién hop ly, thong tin bién va cau tric mé
quan trong cd thé bi mat hoc bi 1am ma, anh huong truc tiép dén hiéu qua chan
doan, viéc loai bé hoan toan nhiéu Ia khdng kha thi. Vi vay, cac phuong phéap
xt Iy anh hién nay chu yéu tap trung vao viéc giam muc do nhidu dé6m trong
khi van bao toan tdi da thong tin bién va cau triic md co ¥ nghia 1am sang
1.3.4. Suy gi@m ndng lwong song truot

Trong md sinh hoc, su suy giam nang luong caa song lan truyén trong viing
mo sau chu yéu bat ngudn tir tinh nhét-dan hdi noi tai cia mo, trong d6 thanh
phan nhét dong vai tro chi phdi qua trinh tiéu tan ning luong. Ma sét noi tai
gitra cac phan tir mé khi séng lan truyén, hé qua 1a mot phan ning lwong co hoc
cua song bi hap thu va chuyén hoa thanh nhiét, gay suy giam bién do6 theo do
sau. Co ché nay dién ra lién tuc trong toan bo thé tich mé, dic biét rd ¢ tan s6
cao. Nhiéu nghién cau thuc nghiém va ly thuyét da chi ra rang chinh co ché
hap thu lién quan dén tinh nhot nay 1a nguyén nhan chinh gay suy giam ty 1é
tin hiéu trén nhiéu (SNR) va lam giam do tin cay cua cac phép udc lugng tham
s6 dan hoi mé & ving mo sau.

1.4.1. Tinh hinh nghién ciru quéc té

Trong thuc té, mo sinh hoc khdng phai 1a vat liéu dan hoi thuan tdy ma vira
c6 thanh phan dan hoi, vira c6 thanh phan nhét, yéu té phan &nh ciu tric vi mo
ctia md va anh huong tryc tiép dén do chinh xac trong danh gia mo bénh ly.
Trudce day, hau hét cac phuong phap siéu 4m dan hoi chi xem md mém nhu vat
liu dan hoi va chi uéc lugng d6 ciing [63-64]. Tuy nhién, cac nghién ctu gan
day da chitng minh rang mé mém can dugc mo ta bang hai tham s6: 6 dan hoi
va d6 nhot, dic biét khi cac bénh 1y nhu ung thu, xo héa gan, gan nhiém md
hodc viém déu 1am thay doi ca hai thanh phan nay. M6 4c tinh thuong cimg hon
va nhét hon, chtr khdng chi don thuan ting d6 cing, nén viéc dong thoi danh
gia hai tham sé gidp phan biét md lanh — ac chinh xac hon [65]. AHI cho phép
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wdc luong dong thoi do dan hdi va do nhot cua md voi do tin ciy cao, qua do
mo ta chinh xac hon cac dac tinh co hoc cia mé sinh hoc. Viéc tich hop AHI
khdng chi gop phan cai thién do chinh xac cua md phong FDTD va qué trinh
xu ly dir liéu AHI, ma con nang cao hiéu qua udc lugng CSM, dac biét trong
cac moi truong moé khong dong nhat [66-69].

Cac ky thuat truyén théng thuong bao gom: (1) tao luc kich thich tac dong
vao md khao sat, va (2) do dap tmg co hoc cia mé dé tinh toan do dan hdi thong
qua nhiéu phuong phap khac nhau. Viéc kich thich c6 thé dung luc bic xa &m
(ARF) (str dung chum séng siéu &m Comb-push, nhu trong hinh 1.7) [70-75]
hoic luc co hoc (st dung kim rung) [35], tin hiéu van téc thu duoc, duoc si
dung dé udc luong d6 dan hoi va do nhét.

DPau do siéu am

M6 mém Chum Ie bire xa am

MO0 cing
Lan truyén|
Song truot cham !
Hudng lan truyén ’an tru] b

Lan truyén song truot
tlr m6 mem té1 mo cing

Hinh 1.7: Stz dung luc bitc Xa dm (ARF) dé tao séng trieot’

Vao nam 2007, Zheng va cong su da ap dung bo loc Kalman dé phan tich
chuyén dong diéu hoa cta van tdc hat tai cac vi tri khéng gian khac nhau [76].
Cach tiép can nay cho phép md ta su bién thién diéu hoa cua van téc nhu mot
qua trinh dong theo thoi gian, tir d6 wdc luong chénh léch pha giira cac diém
quan sat. Thong tin pha thu dugc dong vai tro quan trong trong viéc xac dinh

"W. T. H. Lim et al. “Shear Wave Elastography: Confounding factors and their
mitigation in detecting chronic kidney disease,” Ultrasound Med. Biol., 2021 [77].
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tdc d6 lan truyén cua song truogt ciing nhu dic trung tan sic caa md & nhiéu dai
tan s6 kich thich khac nhau. Nho d6, phuong phap Kalman khong chi hd trg
phan tich su lan truyén séng ma con tao nén tang cho viéc suy ra cac thdng sb
co hoc lién quan dén mé. Tuy nhién, qua trinh tai tao mo dun truot phic tir cac
phép do da tan lai doi hoi khéi lugng tinh toan I6n, do phai thuc hién nhiéu
phép do doc Iap tai cac tin s6 khac nhau cua song truot. Diéu nay 1am gia ting
dang ké thoi gian xir Iy va dong thoi nang cao kha ning xuat hién sai léch hoic
nhidu gia (artifacts) trong két qua cudi cung. Hon nira, nghién ciru ban dau cua
Zheng va cong su chua xem xét anh hudng cua nhiéu do dac — mot yéu td thuc
té cd thé tac dong manh t&i d6 chinh xéac cua viéc uée lugng pha va suy ra
CSM. Viéc bo qua anh huong cua nhidu khién phuong phap nay kho dam bao
do tin cay khi ap dung trong cac méi truong do thuc, noi tin hiéu thu thuong bi
suy giam va nhiéu hoa manh hon.

Trong nghién ctu [35], Hengzhao va cong sy da tién hanh xac dinh d6 dan
hoi va d6 nhét caa md thong qua viéc tinh toan hé sé suy giam bién do song
truot (o) Va van toc lan truyén song truot (Cs). Nguon phat song duoc tao ra
bang dau do siéu am khong hoi tu hoat dong o tan s6 4,1 MHz, gom 128 phan
tir va thoi luwong xung 400 pis. Mot dau do khac dugc bé tri & phia ddi dién mau
vat dé thu tin hiéu. Méi truong khao sét 6 cac théng s6: py = 4 kPa, pp, = 1
Pa-s, va ti khéi p = 1000 kg/m?, tan s lay mau la 10 kHz.

Bo thu tin hiéu

Bd phat xung

Hinh 1.8: Mdu the duoc sir dung trong thi nghiém®
CAc gia tri ¢; va as duge xac dinh bang bién d6i Fourier hai chiéu (2D FFT
trong khong gian K), 4p dung phuong phap peak extraction va phuong phap

8 Zhao, Heng et tal. Measure Elasticity and Viscosity Using the Out-of-plane Shear Wave [35].
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FWHM (full-width-at-half-maximum). Hai thong sé d6 nhét va do dan hdi
dugc xem 12 yéu té co ban trong viée dic trung hoa dac tinh cia mé. Tuy nhién,
nghién ctru nay chua xem xét cac loai nhiéu phat sinh trong qua trinh do dac,
va mau phantom (hinh 1.8) duoc st dung c6 d6 nhdt va do dan hoi dong nhat,
khdng mo phong tinh hudng mé c6 khéi u can duge kiém dinh.

Trong nghién ctu [78], Deffieux T va cong su da thuc hién thi nghiém nham
khao sat anh huong cua soéng phan xa déi véi ude luong van tée song truot.
Song trugt dugc hinh thanh tai ngudn phét va lan truyén trong méi truong thuc
té, khéng dong nhat (chtra khdi u). Song phan xa ludn xuat hién tai bién gioi
gitra hai moi trudong c6 d6 cang khac nhau, va lan truyén nguoc tro lai nguon
phat va tac dong Ién song toi, diéu nay 1am suy giam chat lugng tin hiéu séng
treot thu duoc. Thi nghiém dugc tién hanh trén cac mau co duong kinh 8 mm
va 12 mm, véi d6 cang lan luot 10, 15 va 20 kPa, trong khi md nén c6 mé dun
truot 5 kPa. Sau khi wdc lugng van tdc song truot bang phuong phap tuong
guan chéo mién thoi gian (time-domain cross-correlation), c&c anh mé dun
truot thu duoc cho thay ré anh huong caa nhiéu phan xa 1&n chat luong anh dan
hoi. Bé khic phuc van dé nay Deffieux T. dd st dung bd loc dinh huéng
(directional filter) don gian nham loai bo nhiu phan xa, qua d6 cai thién dang
ké chat lwong anh mo dun truot. Tuy nhién, nghién ctu nay chua xem xét dén
nhi&u ngau nhién va nhidu dém, mot yéu td khdng thé tranh khoi trong qua trinh
thu nhan tin hiéu thuc nghiém.

Njeh va cong su dé xuat mot thuat toan khir nhiéu méi mang tén SMU (Srad-
Median-Unsharp) [79] nham cai thién chat luong anh siéu am v vén bi suy
giam manh bai nhidu ddm trong qua trinh thu nhan. Thuat toan két hop ba budc
xur ly: khuéch tan phi tuyén SRAD dé giam nhiéu trong khi van duy tri cu tric
bién quan trong; tiép theo 1a bo loc Median nham loai bo cac nhiéu con sét lai
ma khong lam mo duong vién md; va cudi cung 1a Unsharp masking dé tang
cuong do sac nét sau khi loc. Viéc phdi hop cac ky thuat nay gilp can bang
hiéu qua giitra loai bo nhidu va bao toan thong tin chan doan.

1.4.2. Tinh hinh nghién ciru trong nwéc
Tai Viét Nam, nghién ctiu vé xtr Iy tin hiéu trong siéu am dan hoi mo da bat
dau duoc trién khai trong nhitng nim gan day. Pham-Thi va cong su [66] dé
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Xuit phuong phép tich hop AHI va bo loc LMS dé uéc lugng mé dun truot
phtrc 2D tir dit liéu md phong c6 nhiéu, cho thay kha ning cai thién dang ké
chat luong anh dan hoi-nhét trong méi truong moé khong dong nhat. Trong
nghién ctu [67], nhém tac gia Quang-Huy va cong su tiép tuc khai thac AHI
két hop loc thong dai dé tai tao anh dic tinh nhot—dan hoi, danh gia hiéu qua
trén nhiéu kich ban nhiéu khac nhau. Gan day hon, Tran va cong su [89] dé
Xuit phuong phap udc luong mé dun trugt phic théng qua két hop da tan sb
véi thuat toan LMS/AHI, mé rong kha nang (ng dung trong cac diéu kién tin
hiéu phuc tap. Cac nghién ctru trong nudc ndy cho thay hudng tiép can tich hop
xtr ly nhiéu voi udc lugng méd dun truot phic dang duoc quan tam, tuy nhién
van con khoang tréng trong viéc xir Iy dong thoi nhiéu loai nhiéu va cai thién
chat luong anh & viing md sau, day 1a van dé trong tdm ma luan 4an nay huéng
dén giai quyét.

1.5. Két luan chwong 1

Trong chuong nay, NCS di trinh bay tong quan vé bdi canh va y nghia cia
k§ thuat siéu am dan hoi mo, co s ly thuyét lién quan dén tinh chat co hoc cua
mo sinh hoc, cling nhu tinh hinh nghién cttu vé udc lugng CSM va cac yéu to
anh huong dén chat lwong anh dan hdi mé. Cac noi dung duoc thao luan cho
thay, siéu 4m dan hoi md 14 mot ky thuat chan doan hinh anh khéng xam lan,
an toan va chi phi thap, c6 kha niang danh gia dac tinh co hoc ciia md sinh hoc
dua trén d6 dan hoi va do nhét. Phuong phap nay da ching minh hiéu qua trong
phat hién va phan loai c4c bénh 1y 4c tinh nhu ung thu va, ung thu tuyén tién

liét hay xo gan.

Dic tinh co hoc ciia mo sinh hoc khdng chi phu thudc vao do dan hdi ma con
chiu anh huong boi @6 nhét. Do do, viée ude lugng mo dun truot phuc, bao
gom ca hai thanh phan trén, c6 y nghia dac biét quan trong trong chan doan
dinh luong va phan biét md l1anh — md bénh. Chat luong anh siéu 4m dan hoi
m6 van bi anh huong boi nhiéu yéu tb nhu nhiéu ngau nhién, nhidu dém, nhiéu
phan Xa, cling nhu su suy hao ning luong cua séng truot khi truyén trong céc
mo sau. Nhitng yéu té nay lam giam ty sé tin hiéu trén nhidu (SNR) va anh
huong truc tiép dén d6 chinh xac cua phép wéc lugng CSM.
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Nhiéu nghién ctu da dugc thuc hién nhiam cai thién kha ning udc lugng
CSM va giam nhiéu trong anh dan hoi md. Cac phuong phap phd bién bao gom
bo loc Kalman, b loc dinh hudng, bo loc trung vi va thuat toan SMU. Ngoai
ra, cac ky thuat tao song trugt khac nhau nhu bircc xa &m (ARF) va kim rung co
hoc cling duoc khai thac dé nang cao d6 6n dinh va do chinh xac cua phép do.
Tuy nhién, van tdn tai khoang trong khoa hoc trong viéc két hop cac ky thuat
xt Iy nhiéu va cai thién chat lwong anh ¢ viing md sau, noi ning luong s6ng
truot bi suy hao manh.

Xuat phat tir khoang tréng nay, luan an xac dinh viéc phat trién mot phuong
phap xur ly tin hiéu tich hop, vira udc luong chinh xac moé dun truot phuec, vira
nang cao chat luong anh dan hdi—nhat trong diéu kién nhiéu va suy hao tin hiéu,
1a hudng nghién ctiu trong tam. Hudng nghién cau nay dugc trién khai theo hai
buéc ké tiép va bo tro 1an nhau trong hai chuong tiép theo. Trugc hét, Chuong
2 tap trung giai quyét bai toan nhiu & tang xu ly tin hiéu va tai tao anh, thong
qua viéc dé& xuat mot chudi loc tuan ty nham khir ddng thai nhidu ngau nhién,
nhidu dém va nhiéu phan xa trong moi trudng méd khong dong nhat. Trén nén
tang d6, Chuong 3 tién thém maot budc, chuyén huéng can thiép tir dau ra sang
co ché kich thich dau vao bing mé hinh kich thich da diém, nham khic phuc
gidi han mang ban chat vat 1y 12 su suy hao ning luong song truot ¢ ving mé
sau, van d& ma cac k§ thuat xur Iy hau ky khong thé giai quyét triét dé. Sy ndi
tiép c6 chu dich nay tao thanh mot 16 trinh nghién ciu théng nhat, di tir xu ly
tin hiéu dén cai tién co ché thu nhan dix liéu, xuy@n sudt toan bo luan an.
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CHUONG 2: PHUONG PHAP KET HQOP LQC NHIEU CAIl THIEN
CHAT LUQNG ANH PAN HOI NHOT

Trong chuong nay, NCS trinh bay nguyén ly hinh thanh va do song truot
trong mé mém khong dong nhat. Bong thoi xay dung md hinh lan truyén séng
truot dua trén phuwong phap FDTD. Phuong phép nay cho phép mo ta day du
qua trinh hinh thanh va lan truyén caa song truot theo ca khéng gian va thoi
gian, d6ng thoi phan anh chinh xac su bién thién caa van téc séng trong mai
truong mo khong dong nhat (co khdi u). Tiép theo nghién ciru sinh dé xuat
phuong phap udc lugng CSM st dung AHI. Cac b loc LMS, bé loc trung vi
(Median Filter), va bo loc dinh hudng duoc sir dung dé nang cao chat luong
anh 2D CSM. Két qua cudi cung thu duoc 1a hai anh 2D biéu dién phan bé caa
d6 dan hoi va do nhét sau khi loc nhiu, dugc danh gia dinh luong bang chi s6
sai s6 binh phuong trung binh (RMSE) nhiam xac dinh hiéu qua cta qué trinh
cai thién chat lugng anh. Cac dé xuat va két qua nghién ctu cia chuong nay
duoc cong bé tai cong trinh [CT2], [CT4], [CT5], [CT6] va [CT7] trong phan
“Danh muc cac cong trinh da cong bd trong luan &n cua tac gia”.

2.1. Lan truyén va thu nhén séng trwot

2.1.1. Lan truyén séng trwet trong mo

Séng truot thuong duoc tao ra thong qua chum song am hoi tu hoac khéng
hoi tu (hinh 1.7), vi du nhu ky thuat Comb-push, Ultrasound Shear
Elastography (CUSE) [83] véi uu diém thoi gian tham kham nhanh, ving tham
kham rong trong mot lan quét. Tuy nhién, viéc str dung chiim séng &m yéu cau
thiét bi phét siéu &m cong suat 16n, cAu hinh phic tap va chi phi cao, bién do
va huéng phat séng trong cac hé thdng nay thuong cb dinh, han ché kha niang
diéu chinh linh hoat vé vi tri va cudng d6 kich thich. Vi nhiing 1y do d6, trong
nghién cau nay, NCS lua chon phuong phap tao song truot bang kim rung co
hoc duoc dit tiép xtc nhe véi bé mat da, thuc hién dao dong theo truc z vudng
g6c voi mat phang lan truyén song truot véi tan sé c6 thé dao dong tir 50 Hz
dén 500 Hz.

Song trugt duoc hinh thanh tir dao dong caa kim sé lan truyén vudng goc voi
phuong tac dong, lan truyén trong mé cho t6i khi gap ranh gidi giita mé lanh
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va khéi u. Tai ranh giGi ndy, mot phan ning lwong séng bi phan xa nguoc lai
vé phia ngudn, trong khi phan con lai truyén tiép xuyén qua khdi u (hinh 2.1).
Van tbc lan truyén caa song tai mdi diém trong mé duoc ghi nhan bai hé théng
siéu &m Doppler, tin hiéu van téc thu duge thuong bi cac loai nhidu anh huéng,
viéc giam thiéu tac dong cua cac loai nhidu nay 1a muc tiéu quan trong.

Kim rung {

Xung dao dong

N

duunumnng
°

Song truot

Hinh 2.1: Khdi tao va lan truyén séng trurot trong mo
2.1.2. Thu nhdn song truwet

Cac xung Dopler duogc str dung dé theo doi dong bo chuyén dong cua cac
phan tir md, tir d6 wdc lugng van toc lan truyén cua song truot [80-82].

Trong hé théng do, chuyén dong cua cac phan tr mé do su lan truyén cua
song trugt duoc ghi nhan bang ky thuat siéu am Doppler xung (pulsed Doppler).
Mot dau do siéu &am mang tuyén tinh duoc st dung dé vira phat xung siéu am
vira thu nhan tin hiéu phan xa tir cc phan tir tan xa trong m. Trong thi nghiém,
dau do phat cac xung siéu am géom 6 chu ky vai tan sé trung tm khoang 6
MHz. Céac xung Doppler duoc phat véi tan sé 1ap xung (PRF) khoang 10 kHz
va dugce dong bo véi tin hiéu kich thich caa co ciu rung nham theo ddi chuyén
dong dao dong cua cac phan tir mo theo thoi gian. Tin hiéu echo phan xa tir md
duogc thu nhan va s hoa véi tan sé 1dy mau RF khoang 40 MHz, cho phép ghi
lai chinh xéc su bién d6i pha cua tin hiéu giira cac xung lién tiép [74].

Sau khi thu nhan, cac tin hiéu echo phtc dugc xir ly bang bd ude luong
Doppler dua trén dich pha (pulse-pair phase estimator). Phuong phap nay khai
thac su thay doi pha cua tin hiéu gitta cac xung lién tiép dé udc lugng van téc
dao dong cua cac phan tir md doc theo truc chum siéu am. Truong van téc hat
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thu dugc phan anh truc tiép chuyén dong ciia mé do song trugt gy ra. Dit lidu
van téc theo khong gian va thoi gian nay sau d6 duoc st dung dé xac dinh dic
trung lan truyén cua song truot va 1am co sé cho viée ude lugng mod dun dan
hdi va d6 nhét cia md mém.
2.1.3. M6 hinh lan truyén séng trwot bang phwong phip FDTD

Trong co hoc md sinh hoc, cac mé hinh dan hdi- nhét kinh dién thuong dugc
str dung dé mé ta tinh chat co hoc cua md mém, tiéu biéu 1a cac md hinh Kelvin—
Voigt, Maxwell va Standard Linear Solid (SLS).

P

(a) (b) (c)
Hinh 2.2: Cac m6 hinh Kelvin-Voigt (a), Maxwell (b), SLS (c)

M6 hinh Kelvin-Voigt (hinh 2.2a) biéu dién dac tinh mé nhu sy két hop song
song gitra phan tir dan hdi va phan tir nhét, do d6 phan anh ddng thoi kha ning
luu trir va tiéu tan nang luong cua mé khi chiu kich thich co hoc. Mé hinh nay
cho phép md ta hiéu qua hién tugng suy hao bién do cia song trugt trong qué
trinh lan truyén, dic biét dudi kich thich diéu hoa, vi vay thuong duogc sir dung
trong cac nghién ctru siéu 4m dan hoi mo. Hai md hinh Maxwell va SLS (hinh
2.2b,c) déu c6 kha ning mo ta hién twong thu gidn ¢ng suat cua vat lidu dan
hoi-nhét. M6 hinh Maxwell, do cau triic phan tir dan hdi va phan ta nhét méc
ndi tiép, khdng phan anh day du dap Gmg dan hoi tic thoi khi vat lidu chiu tac
dung cua mot luc khong doi, ma bién dang phat trién dan theo thoi gian dudi
chi phdi caia thanh phan nhét. Biéu nay 1am cho mé hinh Maxwell phu hop véi
viéc mo ta hanh vi bién dang cham dai han, khdng phu hop cho cac bai toan lan
truyén song co hoc doi hoi dap @ng tic thoi cua vat lidu. trong khi d6 mé hinh
SLS khic phuc dugc han ché nay nho su két hop gitra phan tir dan hoi thuan va
phan tar Kelvin—Voigt, cho phép mo ta dong thoi dap tmg dan hoi tic thoi va
qua trinh thu gidn Gng suat theo thoi gian. Tuy nhién, viéc xuat hién nhiéu tham
s6 vat liéu trong md hinh SLS 1am cho qua trinh m6 hinh héa va dic biét 12 bai
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toan wdc luong nguoc tré nén phuc tap. Vi nhitng tinh chat phi hop hon voi
bai todn cu thé trong nghién ciu ndy so véi 2 md hinh con lai, trong chuwong 2
va 3 NCS st dung md hinh Kelvin-Voigt ¢ mé hinh hoa dic tinh dan hdi va
nhét cia mé, phuong trinh Kelvin-Voigt duoc thé hién nhu trong (2.1) [84-88].

G(x,y,®) = u(x,y)—ion(x,y) (2.1)
Trong d6 G la module truot phic CSM, (X, y)1a do dan hoi, n(xy) 1a do
nhét tai vi tri (x,y) trong khdng gian. Toa o kim rung ¢ vi tri (0,0) Theo phuong
trinh Kelvin-Voigt ¢ trén cd thé thay CSM phu thudc vao tan sé goc » cua dao
dong duoc tao boi kKim rung.

Viéc md phong song truot lan truyén bang phuong trinh truyén song c6 wu
diém 12 mé hinh toan hoc don gian va chi phi tinh toan thap. Tuy nhién, cach
tiép can nay chi phi hop trong méi trudng dong nhat, trong khi md sinh hoc
thuc té thuong ton tai sy khong dong nhat vé co hoc, dién hinh 1 sy xuét hién
cua khéi u véi cac tham sb dan hoi khac biét so véi md xung quanh. Vi vay,
trong nghién ctru nay, NCS st dung phuong phap FDTD dé md hinh héa sy lan
truyén song trugt trong moi trudng khong dong nhat. Phuong phap FDTD cho
phép md ta su bién thién cua van téc hat tai mdi diém khodng gian theo thoi
gian, trong d6 gia tri tai mot diém phu thudc dong thai vao cac diém 1an can va
thoi diém trude d6. Nho vy, quéa trinh lan truyén, phan xa va khic xa séng
truot tai ranh gigi gitra md lanh va khéi u duoc md phong sat vai thuc té hon.
Xét cac diéu kién ban dau, md khao sat duoc gia thiét 1a dang hudng va tuyén
tinh. Trong méi truong hai chiéu (2D), vector van téc hat duoc gia thiét cing
huéng véi hudng lan truyén cia song truot va vubng goc véi hudng dao dong
cta kim rung, nhu minh hoa trong hinh 2.1. Vi gia thiét nay, truong van tbc
dong vai tro 1a dai luong dong hoc dic trung cho qua trinh lan truyén séng, va
c6 quan hé tryuc tiép véi tng suat (tensor) bién dang caa mo. Mai lién hé giira
gia tri van tdc va céc thanh phan cua tensor bién dang duoc xac 1ap thdng qua
cac phuong trinh (2.2), (2.3) va (2.4).

patvz = axo-zx +ayazy (22)
0,0 = (1+110,)0,V, (2.3)

ato-zy = (/’l + nat )ayvz (24)
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Véi v, 12 hat van téc dao dong theo phuong z vudng goc véi mit phang (x,
y), Oy, o, lathanh phan cua ung suat, £ 1a ti khdi caa mo, 6, dai dién cho
toan tir dao ham riéng theo thoi gian, ¢, 1a toan tir dao ham riéng theo toa do
khong gian x, @, dai dién cho toan tir dao ham theo toa d6 khong gian y. p(Pa)
1a do dan hoi cua mo, n(Pa.s) 1a do nhot ciia mo, dy chinh 1a hai tham s6 can
ude luong.

Ap dung phuong phap FDTD dé bién ddi phuong trinh (2.2), (2.3), (2.4)
thanh phuong trinh (2.5), (2.6), (2.7) dudi dang roi rac nhu sau.

1 1

Ny _ N At n+s n+5
v, |i,j_Vz |i,j +—|o, 2|, o, %,
PA, i+> i~2,]

|
2
(2.5)
1
At n+> n+>
+ Oy | 1. Oy | 1.
pAy 5] =
1
1 _ " HA 1 1
szn+ ||+l = Oy 2 | 1 + t( szr |I+lj _vszr || J)
>l i A (2.6)
n 1 1 n .
_'__(Vzn+ |I+1j _Vzm |i,j)_ (Vzn |i+1,j _Vzn || j)
X X
1
n+1l _ -3 IUAt n+1 n+1
O-zy " | 1.— 0y 2 | 1. + (Vz i |i+1,j _Vz ) |i,j)
+3.] 43, Ay (2 7)
77 n+1 n+1 77 n n .
+A_(VZ |i+1,j _Vz |i,j)_A_(Vz |i+1,j _Vz |i,j)
y y

Ax VA Ay lan luot 12 khoang céch giita cac vi tri khong gian lién tiép theo
truc X va truc Y. At la chu ki ldy mau hay budc thoi gian, i 1a chi s6 khong
gian theo truc X, j & chi s6 khong gian theo truc Y, n 1a chi s6 budc thoi gian
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b/

Ay

Hinh 2.3: Minh hoa phuwong phap FDTD?®
Hinh 2.3 minh hoa thé hién céu trac ludi trong phuwong phap 2D-FDTD, duoc
sir dung dé md phong su lan truyén cua song dan hoi trong moi truong vat chat

nhu mé mém. Trong md hinh ndy, khong gian duoc chia thanh cac 6 ludi co
kich thudc Ax va Ay, mdi 6 dai dién cho mot phan tr nho ciia moi truong. Cac
cham tron mau xanh biéu thi ang suat. Trong khi cac tam giac do6 biéu thi cac
thanh phan van toc hat, cac dai lugng nay khong duoc bd tri tai cing mét vi tri
ma duogc sap xép so le trong khéng gian, mot dic trung goi 1a ludi so le. Cac
mili tén xanh chi ra méi lién hé giira ting vi tri trong ludi va cac thanh phan vat
Iy twrong Gng trong hé toa do X-Y. Nhd cach bé tri nay, FDTD c6 thé cap nhat
xen k& cac trudng van toc va ang suat theo timg budc thoi gian, cho phép md
phong chi tiét qué trinh hinh thanh va lan truyén caa séng trong khong gian hai
chiéu.

2.2. Phwong phap nghién ctru dé xuat

2.2.1. Luéng x| dé ligu

Pé tai tao chinh xéac cac anh dic tinh co hoc ciia mé sinh hoc tir tin hiéu van
tdc song truot, viec xir Iy tin hiéu mot cach hiéu qua va toan dién 1a budc quan
trong. Trong chuong nay, NCS da xay dung mot chudi cac budc xir ly nham

® Tran, DT et al. Shear complex modulus imaging utilizing frequency combination in the least mean
square/algebraic Helmholtz inversion [89].
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khir bo nhiéu, 1am sach tin hiéu va uéc luong chinh xac cac tham sé do dan hoi
va do nhét caa md, ludng xa 1y tin hiéu dugc minh hoa trong hinh 2.4.

Song phan xa

Song tai Song téng hop

Nhiéu Mat na
ngau nhién b6 loc dinh hwéng

Anh CSM

Hinh 2.4: Luong x# Ii déz liu

Khi séng truot dugc kich thich lan truyén trong mé, hé théng Doppler ghi lai
tin hiéu van toc tai timg diém khong gian. Tuy nhién, tin hiéu van téc thu dugc
la tin hiéu tong hop, bao gdm s6ng tdi mong muébn, séng phan xa va nhidu ngau
nhién, do d6 can duoc tién xt 1y trude khi wde lwgng cac tham sb co hoc. Trude
hét, tin hiéu ban dau duoc bién doi tir mién thoi gian—khong gian sang mién tan
sb théng qua bién ddi Fourier roi rac (DFT), cho phép phan tich cac thanh phan
phd va &p dung bo loc dinh huéng nham gitr lai thanh phan song lan truyén theo
huéng mong muén, dong thai loai bo song phan xa va cac thanh phan khéng
phu hop bang mot mit na loc chuyén biét. Sau khi loc, tin hiéu dugc chuyén
nguoc vé mién thoi gian—khong gian bang bién d6i Fourier nguoc (IDFT). Trén
tin hiéu da duoc tach hudng, bo loc thich nghi LMS tiép tuc duoc sir dung dé
lam giam nhiéu ngau nhién c6 twong quan theo thoi gian, trong khi tranh hoc
nham céc thanh phan séng phan xa, qua dé bao toan cau tric mat séng chinh.
Tin hiéu van toc da duoc 1am sach sau d6 duoc dua vao khodi AHI dé uée luong
CSM, cho phép tai tao hai anh 2D biéu dién phan b khong gian cia d6 dan hoi
va do nhét cia md. Cudi cing, bo loc trung vi duoc &p dung nhu mot budc hau
xu ly trén cac anh két qua nham loai boé nhidu ddm dic trung cua anh siéu am;
néu sir dung sém, bo loc nay cé thé 1am mo duong bién va pha v quan hé pha—
bién do cuia mat séng. Viéc sap xép céc b loc theo thi tu loc dinh huéng, loc
LMS va loc trung vi gitp duy tri tinh nhat quan vat ly cua tin hiéu, tir d6 nang
cao do tin cay cua cac phép udc luong dua trén bién doi AHI.
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Co s& lya chon ting b loc trong chudi xir 1y duoc xac dinh dya trén dic tinh
vat Iy riéng biét cua tirng loai nhidu. Bo loc dinh hudng duoc lua chon dé xir ly
nhiu phan xa vi loai nhidu nay c6 dic trung rd rang trong mién tan s6 — song
phan xa lan truyén nguoc chiéu séng tai nén chiém cac ving phd ddi xtng va
c6 thé tach biét hoan toan bang mat na nhi phan ma khéng anh hudng dén thanh
phan séng téi. Bo loc LMS dugc lya chon cho nhidu ngiu nhién vi day 1a bo
loc thich nghi c6 kha ning uéc lwgng va trir di thanh phan nhiéu theo thoi gian
thuc dua trén tin hiéu tham chiéu thu khi kim rung khdng hoat dong, nhd do
giam nhiéu ma khong 1am bién dang ciu tric pha caa song truot. Bo loc trung
vi dugc dat & budc hau xir Iy trén anh CSM, thay vi trén tin hiéu van tdc, vi
nhidu ¢ém chi biéu hién rd & giai doan anh, va bo loc trung vi c6 tinh chat bao
toan bién tot hon so vai cac bd loc tuyén tinh.

V& anh hudng caa chudi loc dén tin hiéu c6 ich, mdi bd loc chi tac dong Ién
mét thanh phan nhiéu riéng biét nén khong gay chong Iap chic ning. Bo loc
dinh hudng loai bo séng phan xa trong mién tan sé, bo loc LMS triét nhiéu
ngau nhién tuong quan vai tin hiéu tham chiéu, con bo loc trung vi chi ap dung
trén anh két qua ma khong tac dong lén tin hiéu van toc dau vao ciaa AHI. Vi
vay, thdng tin van tdc song truot phuc vu ude lwong CSM van dugc bao toan,
gilp sai s6 RMSE sau xu ly duy tri & mic chap nhan dugc nhu trinh bay trong
muc 2.4.

2.2.2. Logi bé nhiéu phdn xa sir dung bg loc dinh huéng

S6ng phan xa hinh thanh trong méi trudng khong dong nhat; cac thanh phan
séng phan xa nay giao thoa véi séng téi, 1am suy giam chat lwgng tin higu van
téc thu duoc [90-91]. Trong mién khdng gian-thai gian, cac séng lan truyén
theo cac huéng khac nhau chdng 13n 1én nhau, khién viéc tach riéng song toi
va s6ng phan xa tro nén khé khan. Tuy nhién, khi tin hiéu duoc bién doi sang
mién tan sd-khéng gian théng qua bién doi Fourier rai rac (DFT), thong tin vé
huéng lan truyén caa séng duoc thé hién, séng truyén theo cac huéng khac
nhau duoc phan bé tai cac mién pho riéng biét. Dua trén dac tinh ndy, nghién
ctru sinh &p dung k§y thuat loc dinh hudng trong mién tan sé bang cach nhan
pho Fourier cua tin hiéu voi mot mat na bo loc dinh huéng duoc thiét ké riéng
(hinh 2.5) [92]. Mit na nay hoat dong nhu mot bo chon hudng lan truyén, cho
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phép gitr lai cac thanh phan phé tuong tng vai séng t6i va loai bo céac thanh
phan phan xa nguoc chiéu.

2000 -

Hinh 2.5: Mat na bé loc dinh hiréng

B6 loc dinh hudng duoc s dung trong nghién ciru nay la mot mat na nhi
phan gom céc gia tri 1 va 0 trong ung lan luot véi mau vang va xanh dam, biéu
thi twong g vai cac vung tin hiéu duoc di qua va tin hiéu bi chan lai (hinh
2.5). Mit na nay duoc thiét ké nham trich xuat cac thanh phan pho tuong tng
véi huéng lan truyén mong muén caa séng truot tir tin hiéu tong hop do duoc.
Trong qua trinh xir ly, nghién cau sinh st dung cac ham fftshift(fft2(...)) va
ifft2(ifftshift(...)) trong méi truong MATLAB. Déi véi tin hiéu hai chiéu, ham
fftshift dich chuyén thanh phan tan sé khdng vé giira hai chiéu, diéu nay dic
biét hitu ich trong xu 1 anh, khi biéu dién trong mién tan s6 sé dé dién giai hon
néu céc thanh phan tan sé thap dugc dit ¢ trung thm. Sau khi nhan véi mit na
loc, ham ifftshift duoc sir dung dé dao nguoc sy dich chuyén do fftshift tao ra
nham dam bao rang tin hiéu trong mién khéng gian hoic thoi gian duoc tai tao
mot cach chinh xac.

2.2.3. Logi bé nhiéu ngdu nhién si dung bg loc LMS

Sau khi tin hiéu van téc dugc xtr Iy dé loai bé nhidu phan xa bang bo loc dinh
huéng, nhidu ngau nhién van con ton tai trong tin hiéu, ¢é xt ly nhidu ngau
nhién nay, nghién cuu sinh st dung bd loc thich nghi LMS (Least Mean
Squares) mot phuong phap don gian nhung hiéu qua trong viéc lam sach tin
hiéu [66], [93] . Trong qua trinh nay, hat van toc tai mdi vi tri trong khdng gian,
ky hiéu 1a d(n) dugc x4c dinh dua trén cac phuwong trinh mé ta lan truyén song
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d3 duogc trinh bay trude d6 (phuong trinh (2.2), (2.3) va (2.4) cho van téc hat
song truot 1a 1i twéng. Trong thuc té do dac, tin hiéu thu duoc tai mdi diém
khdng chi chira hat van téc d(n) ma con bi nhidu béi mot thanh phan nhidu ngau
nhién, ky hiéu la v(n) (hinh 2.6).

| I
d(n) | v:(n) _ /z\ | =)
- +/ : +\&/ . ;
v(n) I _ I
| _ I
Nhiéu : () :
| I
| I
x(n) I // :
( — LMS |
L~ :
| / :
|

Hinh 2.6: Hoat dong cua bo loc LMS
Nhiéu tham chiéu (nhiu ngau nhién) x(n) thu dugc bang cach su dung hé
théng Doppler thu tin hiéu khi kim rung khéng hoat dong, v(n) la nhiéu ngau
nhién khi kim rung hoat dong.

Thuat toan loc LMS
Bwéc 1: Thiét lap budc nhay p*, bac bo loc L, va phuong sai nhiéu.
Buwéc 2: Khai tao hé sé6 w(n)= 0.
Buwéc 3: Chon=0, 1, 2, 3...
Tinh dau ra caa bd loc
y(n) = w(n)*(n)
Tinh toan trong sb cua bo loc
e(n) = vy(n) - y(n)
Cap nhat hé sé cua bo loc
w(n + 1) = w(n) + we(n)x(n)

Tinh toén tin hiéu da duoc loc bang cach géan

V. (n) =¢(n)
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Lap lai toi khi két thac tin hiéu
Dau vao b loc 12 hat van téc chira nhidu ngau nhién ciing nhidu tham chiéu,
dau ra 1 tin hiéu da duoc loai bé nhiéu.

2.2.4. Uéc lwong CSM st dung AHI

Tin hiéu hat van tdc séng truot sau khi duoc loc nhidu phan xa va nhiéu ngau
nhién s& duoc dung dé udc luong CSM bang bién ddi ngugc dai sé6 Helmholtz
[93]. Pao ham theo thoi gian cua tng suat ddi véi phuong trinh (2.2) duoc
(2.8), cac phuong trinh (2.3) va (2.4) twong duong 1an luot véi (2.9) va (2.10).

o, 9(oc, ) ofdo,
Z: ZX + ]
Pazia)@(a] &9

oo 0
ZX: + 8 vz
p (u+m t)—ax (2.9)
oo 0
zy: a 74
. (e+m t)—a (2.10)

y

Thay thé (2.10) va (2.9) vao (2.8) duoc (2.11).

o, (1) %, 0%, (2.11)
,0 atz - /u 77 t axz ayz
o,
at; =G (x,y,t)V?, (2.12)

Trong cong thirc (2.11) c6 thé thay vé bén phai gom CSM trong mién thoi
gian va toan tu Laplace, cong thirc dugc viét lai thanh (2.12)
2
Trong d6 p la ti khdi cua mé, %13 dao ham bac hai cua vector hat séng
truot theo thoi gian hay gia tc caa vector hat song truot. G'(x, y,t) 1a CSM trong
mién thoi gian, v?v,la toan tir Laplace cua V.. Can bién doi Fourier (2.12) dé
CSM chuyén sang mién tan s (2.13) (Phuong trinh Helmoltz).

(%vhaf]vz(x, Y, )], =0 (2.13)
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Trong d6 G(x,y,w)la udc lugng CSM, V, (x,y,0) duoc xéc dinh bang bién
doi Fourier roi rac cia v, (x, y,t). wo 12 tan s6 goc wo = 25, Nghich dao dai s6
phuong trinh Helmoltz (2.13) thu dugc phuong trinh (2.14), day chinh la CSM

trong mién tan sd.

_pa)OZVz (X1 Y, a’o)

G(X’ y’ a)) } VZVz (X’ y’ a)O)

(2.14)

Trong d6 V, (X, y,a,)1a bién d6i Fourier tai tan s6 goc @,. VA, (xy,@,) la
bién d6i Laplace cua V,(X,Y,®,). Theo phuong trinh (2.1) p(x) d6 dan hoi va
d6 nhot #7(x) trong mé 1 hai thanh phan thyc va ao cia CSM. Do dan hoi va do
nhét tai mot vi tri cia mo duogce xac dinh bai cdng thirc sau.

_ _pa)OZVz (X1 y! a)O)

”(X’y)‘R{ VA, (x,y, @) } (215)
_ _pa)OVz (X7 y! a)o)

n(x, y)—I{ o o) } (2.16)

w(x,y) phan anh kha nang dan hoi caa mo, dugc ly tir phan thyc caa mé dun
trurot phirc tai tan s6 w,, 7(x,») 12 46 nhét, chi kha ning hap thu ning luong cua
mo, duoc lay tir phan 4o tai tn s6 w,.

2.2.5. Logi bé nhiéu dém bang bé loc trung vi

Nhiéu dém anh huang truc tiép dén do chinh xac cua chan doan y khoa, gay
kho khin trong viéc xac dinh ranh gigi ton thuong hodc phan ving mé cé dic
tinh dan hoi khac nhau [79], [94-95]. Bé giam anh huéng cua nhidu dém, mot
bo loc trung vi véi kich thuéc cira s6 3x3, twong duong 9 diém anh, di duoc
ap dung tai nhitng ving anh can xu ly. Cu thé, gia tri d6 sang cua tat ca cac
diém anh trong cta s6 duoc sap xép theo thir ty ting dan hoic giam dan. Sau
d6, gia tri trung vi tic gia tri nam giira sau khi sap xép duoc lua chon. Truong
hop ctra s6 €6 s6 diém anh chin, gia tri trung vi duoc tinh 1a trung binh cua hai
gia tri & giira. Gia tri tai tam cira s6 (Vi tri can xir Iy) sau d6 dugc thay thé bang
gia tri trung vi da chon. Quy trinh nay dugc l3p lai cho toan bo cac diém anh
trong anh siéu am, cac diém anh bat thuong bi loai bo, tir 6 gitp giam nhiéu
d6m mot cach hiéu qua.
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Thuat toan loc trung vi

Cho anh dau vao I ¢6 kich thudc MxN, thuat toan loc trung vi véi cira s6

3x3 duogc thuc hién nhu sau:

Budc 1: Vi moi pixel I(i,j) trong anh (véi i€[2,M—1]

I€E[2,M—1], j€[2,N—1] j€[2,N—1]), xac dinh vung lan can 3x3 xung quanh

pixel do.

Bwéc 2: Trich xuét tat ca 9 gid tri pixel trong cira s6 Wi, j:

Wi, j={I(i+r, j+c)Ire{-1,0,1}, ce{-1,0,1}}

Bwéc 3: Sip xép 9 gia tri trong Wi,j theo thu tu ting dan thanh day

S={s1,s2,...,s9} sao cho S={s1,52,...,s9} sao cho s1<s2<:--<s9

Bwéc 4 : Gia tri trung vi 1a phan tir ¢ vi tri chinh giira:

median(Wi,j)=Ss
Bwéc 5: Gan gia tri trung Vi cho pixel tuong tng trong anh dau ra:
I'(1,j))=median(W1i,j)

Céc kich thuéc cira s6 khac nhau dugc thir nghiém cho bo loc trung vi, bao

gom 3x3, 5x5 va 7x7. Két qua cho thay kich thudc ctra s6 3x3 cho hiéu qua

t6t nhat, vira giam nhiéu hiéu qua, han ché hién tuong 1am tron qua muc, qua
d6 bao toan tét cac duong bién va cau trdc quan trong trong anh.

2.3. Kich ban mé phéng va két qua
Kich ban mo phéng

Pé danh gia hiéu qua cua phuong phap dé xuat, mot kich ban mé phong da
duoc xay dung véi cac thong sé nhu sau: mé mém co kich thudc 80 x 80 mm,
bén trong md chira mot khéi u co kich thudc 30 x 30 mm. Céc gia tri dan hoi
va d6 nhot caa cac ving md (bao gdm ca md lanh va md bénh) duoc trinh bay
chi tiét trong bang 2.1. Ti khéi cua mé 1a 1000 kg/m2. Nguon kich thich tao
song trugt dugc tao ra bang cach mé phong dao dong cua kim rung véi tan s6
150 Hz va bién d6 5 mm. Pé md phong diéu kién thuc té, nhiéu phan xa va
nhidu ngau nhién duoc thém vao tin hiéu van tc, gilp tai hién lai giéng véi
diéu kién thuc té trong moi trudng 1am sang.
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Bang 2.1: DY dan hoi va do nhét ciia md

Loai md | Pé dan hoi (Pa) | P$ nhét (Pa.s)

M0 lanh 6000 1.2

M0 bénh 7000 1.5

Anh két qua trong diéu kién Ii twéng

Hinh 2.7 minh hoa phan b4 khong gian cua van tdc song truot, dugc mo
phong bang phwong phap FDTD, véi song phét ra tir vi tri (0,0) va lan truyén
trong mé mém. Van toc dao dong theo phuong vudng goc voi mat phang lan
truyén (truc Z) tai mot thoi diém xéac dinh, trong d6 truc hoanh biéu dién vi tri
khong gian doc theo hudng lan truyén trong mat phang XY va tryc tung biéu
thi van tdc dao dong tirc thoi caia cac phan tir md tai chd. Mdi diém trén dudng
cong tuong (ng Vai van toc dao dong ciia mot phan tir md khac nhau tai cing
mét thoi diém, phan anh mot anh chup khéng gian cua trudng van toc song
truot. Dang dao dong gan diéu hoa clng véi su suy giam bién do theo khoang
cach cho thay cac phan tir mo dao dong quanh vi tri can bang caa ching va
nang luong song bi tiéu hao dan do dic tinh nhét-dan hdi cua mé, khién céac
phan ttr gan ngudn dao dong manh hon so vdi cac phan tir & xa, trong khi van
tdc lan truyén cua song truot trong moi trudng van gan nhu khong doi.

van toe [m s

Vi trf khong gian
Hinh 2.7: Vdn téc séng trurot
Anh 2D d6 dan héi va d6 nhét trong diéu kién 1y tuong (hinh 2.8) véi cac
tham s theo kich ban mé phong ¢ trén. Do qua trinh udc luong duoc thyc hién
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trong diéu Kkién 1y tuong, khong nhidu, nén co thé quan sat rd rang ving mo
bénh véi gia tri do nhét va do dan hdi khac biét so véi mé lanh. Puong bao
quanh khéi u dugc tai hién sic nét, bién phan tach giira hai viing mé rd rang,
va khdng xuat hién nhiu trén anh. Diéu nay cho thay AHI c6 kha ning ti tao
chinh xac cac dic trung co hoc cia md khi khdng bi anh hudng bai nhidu. Anh
li twong s& duoc dung dé dbi chiéu két qua phuong phap dé xuat trong diéu kién
c6 nhiéu.
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Hinh 2.8: Anh dé dan héi va dé nhot Ii tuong

2.3.1. Két qua md phéng véi SNR = 20dB

DPé mo phong sat hon vai diéu kién thyuc té trong méi trudng 1am sang, nhidu
phan xa va nhidu ngau nhién da duoc thém vao tin hiéu van téc séng truot,
trong diéu kién mic do tin hiéu trén nhidu SNR =20dB. Tin hiéu van téc song
truot thu duoc, dugc loc nhidu phan xa va nhidu ngau nhién lan luot bang hai
bo loc dinh hudng va bo loc LMS. Ap dung AHI dé wéc luong do dan hoi va
d6 nhot tir gid tri van te nay, két qua thu duoc 1a anh 2D d6 dan hoi va do nhét

Két qua sau loc nhiéu phan xa va nhiéu ngiu nhién

Hinh 2.9, anh 2D d% dan hdi cho thdy viing md bénh dugc thé hién khé rd
rang théng qua sy khéac biét dang ké vé mau sac so vai ving mé lanh xung
quanh. Su twong phan nay phan anh tryuc tiép sy thay ddi vé dic tinh co hoc,
dac biét 1a do dan hoéi caa mé, giira hai khu vuc. Mic du tin hiéu dau vao da
chiu anh huong caa nhidu, két qua tai tao van duy tri duoc cau trac bién tuong
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dbi rd va khong bi hoa Ian giira cac viing. AHI khdng chi c6 kha ning uée luong
d6 dan hdi mot cach 6n dinh, ma con giit duoc nang lyc phan biét hiéu qua cac
viing mo ¢ tinh chat co hoc khac nhau trong diéu kién nhiéu, khang dinh tinh
tin cay va tinh (ng dung ctia phuong phép trong cac tinh hudng thuc té.

G o

2 M

: -,.‘giﬁ

v .'H

Hinh 2.9: Anh 2D dg dan hoi
Trong anh do nhét (hinh 2.10), hinh dang cta khdi u van duoc thé hién khé
rd va tuong dong vai anh 1y twdng, twong tu nhu két qua thu dugc tir anh do

dan hoi. Piéu nay cho thiy phuong phap ude lugng do nhét van bao toan dugc
cac dac trung khong gian quan trong cua vung mé bénh.

10 20 30 40 50 60 70 80

Hinh 2.10: Ank 2D @3 nhot
Anh d¢ dan hoi va do nhét tai hang 30 va hang 45 gidp theo ddi hiéu qua caa
wdc luong Véi anh 1i tuong 1d rang hon, két qua thu dugc lan luot nhu trong
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hinh 2.12 va hinh 2.13. Trong hinh 2.12, dudng d6 thi mau do biéu thj cac gia
tri 6 dan héi va do nhot ude lugng. CO thé nhan thay su bién thién rd rét cua
cac dai Iugng nay tai cac vi tri khoang 25 va 50, twong tng vai ranh gigi cua
ving mé c6 dic tinh co hoc khéc biét. Nhin chung, duong d6 thi uée luong
bam kha sat duong db thi Iy tuong. Tuy nhién, khi khoang céch toi nguén phat
tang 1én, sai léch gitra gié tri wéc luong cia do dan hoi va do nhét so véi gia tri
1y tuong co xu hudng gia ting, cho thdy anh huéng cuia suy giam tin hiéu va
nhiéu trong qua trinh lan truyén song.
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Hinh 2.11: V; tri hang 30 va 45 trén dnh dé dan hoi va do nhot
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Hinh 2.12: Anh @ dan héi va dé nhét tai hang 30
Tuong ty nhu tai vi tri hang 30, & mat cat tai vi tri 45, dudng d6 thi cling di
qua viing khéi u va cac gia tri do dan hoi va d6 nhét ude luong dugc van bam
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tuong ddi sat duong dd thi 1y tuang (hinh 2.13). Tuy nhién, khi so sanh véi két
qua tai hinh 2.12 & cling céc vj tri tuong (ng, ¢6 thé nhan thay bién do dao dong
cuia Cac gid tri ude luong trong hinh 2.13 16n hon. Piéu nay cho thay muc do
nhiéu va sai l&ch trong qua trinh w6c lugng ting 1én tai vi tri nay.

A
AVV" VAV | V/V\ﬂ N
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Hinh 2.13: Anh dé dan héi va dé nhét tai hang 45
Két qua sau loc nhiéu dém
Sau khi st dung loc trung vi 1&n anh 2.9 va 2.10, két qua thu dugc nhu trong
hinh 2.14. So vai cac anh trude khi loc, mic nhidu da dugc suy giam dang ké.
Tuy nhién nhidu van chua duoc loai bé hoan toan, dic biét tai cac ving nim xa
ngudn phat.

40 50 60 70 80 10 20 30 40 50 60 70 80

Hinh 2.14: Anh a6 dan héi va dg nhét sau loc trung vi
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Trong hinh 2.15 va hinh 2.16 1a anh udc lugng do dan hoi va do nhét trén
hang 30 va 45 sau khi loai bo nhidu dém. Mac @6 nhiu giam rd rét khi doi
chiéu véi két qua trong hinh 2.12 va hinh 2.13.
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Hinh 2.15: Anh dan héi, nhét tai hang 30 sau khi loc nhiéu dom
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Hinh 2.16: Anh dan hoi, nhét tai hang 45 sau khi loc nhiéu dom
2.3.2. Két qud md phéng véi SNR = 40dB
Pé danh gia hiéu qua cua phuong phap loc nhiéu va uéce lugng anh tir séng
truot, kich ban md phong thay ddi mac nhidu ngau nhién va nhiéu phan xa

trong khi gitr nguyén cuong do song truot, thu duoc SNR = 40dB.

Két qua sau loc nhiéu phan xa va nhiéu ngau nhién
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Anh uéc lugng 2D do dan hoi (hinh 2.17) cho thay hinh anh khéi u duoc thé
hién rd nét hon, vai ranh gidi trong ddi sic nét va dé quan sat. So vai anh udc
luong thu duoc trong diéu kién nhiéu voi SNR = 20 dB, muc nhiéu trong anh
da giam di rd rét. Két qua nay cho thay chat luong anh dan hdi dugc nang cao
khi diéu kién tin hiéu tét hon, déng thoi khang dinh tinh 6n dinh cua phuong
phap udce lugng trong cdc mic SNR khac nhau.

10 20 30 40 50 60 70 80

Hinh 2.17: Anh 2D @5 dan hoi
Tuong tu nhu anh dan hoi, anh 2D d6 nhét thu dugc ciing thé hién mac nhidu
giam di dang ké sau khi ap dung cac budc xir ly (hinh 2.18). Anh d6 nhét tro
nén rd rang hon. Tuy nhién, khi dbi chiéu vai cac anh dan hdi va do nhot ly
tuéng, c6 thé nhan thiy van con ton tai mot luong nhidu nhat dinh. Diéu nay
cho thdy qué trinh xir Iy van can duoc tiép tuc cai thién.
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Hinh 2.18: Anh 2D dg nhét

Gia tri do dan hoi va do nhét tai c&c vi tri hang 30 va hang 45 duoc trinh bay
lan luot trong hinh 2.20 va hinh 2.21. C6 thé nhan thay rang, trong diéu kién
SNR cao, cac duong cong udc lugng thu dugc bam sat duong gié tri 1y tuong
hon dang ké so vai truong hop SNR = 20dB. Céc gia tri mo dun dan hoi va do
nhét déu thay doi dung theo kich ban md phong ban dau, ca vé bién do 1an xu
hudng phan bé theo khong gian. Két qua nay cho thay chi sé SNR ¢6 anh huong
truc tiép va rd rét dén chat luong anh.
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Hinh 2.19: Anh dé dan héi va dé nhét sau loc trung vi
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Hinh 2.20: Anh dé dan héi va dé nhét tai hang 30
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Hinh 2.21: Anh d@é dan héi va dé nhét tai hang 45
Anh 2D d6 dan hoi va do nhét sau khi loc trung vi gidp loai bo nhidu dang
ké, hinh anh thu duoc c6 thé quan sét thay khdi u rd rang tir hinh dang, kich
thudc, vi tri (hinh 2.22).

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80

Hinh 2.22: Anh 2D dé dan héi va dé nhét sau khi loc trung vi
Trong hinh 2.23 va hinh 2.24 két qua udc luong tai hang 45 cho thay gia tri
wdc lugng bam theo dudng li tuong. Két qua nay dén tir viéc nhidu dém duoc
loai bo cling véi viéc cai thién chi sé SNR dem lai.
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Hinh 2.23: Anh dan héi, nhét tai hang 30 sau khi loc nhiéu dom
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Hinh 2.24: Anh dan héi, nhét tai hang 45 sau khi loc nhiéu dom
Mic di viéc tang SNR gitp cai thién dang ké chat luong anh, tuy nhién
trong thuc nghiém va 1am sang, viéc ting SNR bi giéi han boi céc yéu té vat
ly, thiét bi va sinh hoc. Do d6, viéc phét trién cac phuong phap xt Iy nhiéu va
tai tao anh hiéu qua 1a can thiét nham nang cao chat luong anh CSM trong diéu
kién SNR thap dén trung binh.

Thoi gian dé hoan thanh qua trinh tinh todn va tao anh SWE thuong chi mat
vai phat. Dé kiém tra thoi gian thyc thi cua thuat toan dé xuat, thoi gian chay
md phong MATLAB, két qua chay trén may tinh c6 ciu hinh bo xt ly Intel
Core i7-1065G7 tc do vi xtt li 1.3 GHz, RAM 8 GB

Két qua cho thay:

- Thoi gian tir 10c bat dau chuong trinh dén khi két thuc buéc loc dinh hudng
1a 0,84 giay,
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- Bén khi két thuc budc loc LMS 1a 35,76 giay,
- Dén khi két thiic budc ude lvgng mé dun dan hdi nhat (CSM) 12 36,04 gidy,
-Va két thiic budc loc trung vi 12 36,18 gidy.

Tong thoi gian nay duoc xem 1a chap nhan duoc ddi vai cac hé thong nhur
siéu am.

C6 thé thay rang budc loc LMS 14 phan chiém nhiéu thoi gian nhat, mat hon
35,76 gidy. Nguyén nhan 1a do bo loc LMS duogc ap dung theo mién thoi gian
tai ting vi tri khéng gian, véi tong cong 6.400 vi tri twong ng véi kich thudc
anh la 80 x 80 pixel.

2.4. Chi sb Sai s6 binh phwong trung binh goc RMSE

Sai s6 binh phuong trung binh géc RMSE (Root Mean Square Error ) 1a mot
chi s6 danh gia dinh luong dung dé do luong mirc d6 sai khac giira hai anh [96-
99]. Trong chuong nay, RMSE duoc st dung dé danh gia mirc do twong dong
gitra anh d6 dan hdi va d6 nhét thu dugce sau khi ap dung cac bo loc nhiéu voi
anh 1y tuong ban dau. Chi sé RMSE duoc tinh bang céch lay binh phwong hiéu
sb gifra C4C gia trj tai ting cip diém anh tuong tng, sau do tinh gia tri trung
binh va lay can bac hai. Khi hai anh cang gidng nhau, tac 1a gia tri tai cac diém
anh twong ng cang gan nhau, thi RMSE cang nho; nguoc lai, RMSE 16n cho
thay su sai léch dang ké giira anh uéc lwong va anh 1i tuong. Do d6, RMSE
cang nho thé hién chat luong ude luong cang cao. Gia tri RMSE trong nghién
ctru nay dugc tinh theo phuong trinh (2.17). Tuy nhién, RMSE ciing ton tai mot
s6 han ché. Thtr nhat, RMSE khong phan tach dugc cac thanh phan do sang, do
tuong phan hay cau tric caa anh. Thi hai, toan bd danh gia dua trén hiéu sé
truc tiép giira ting cap diém anh, nén khdng phan anh tét cam nhan thi giac cua
ngudi quan sat ma chu yéu thé hién sai sé thuan toan hoc.

Trong d6 K la anh 1i tuong, | la anh sau khi loc. MN 1a kich thuéc cua anh.
Do do gia tri RMSE ¢ hiéu qua trong viéc danh gia hiéu qua cua phuong phap
dé xuét. Tuy nhién viéc tinh todn RMSE can duoc xem xét véi mot mac nhiéu
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cu thé. Vi vay ti s6 SNR duoc sir dung va tinh toan theo phwong trinh. Gi4 tri
SNR cang cao cho thiy cudng d6 tin hiéu cang 16n so vai nhiéu. Gié tri SNR
duoc tinh dya trén cong thac (2.18).

SNR =1o*|oglo(PSigf‘a'] (2.18)
Pnoise

Trong d6 Psignal 1a cong suat tin hiéu, Pnoise 1a cong suat nhidu. Cac gia tri
RMSE duogc tinh todn véi 10 mic nhidu khac nhau da duoc md phong. O mdi
muc nhidu, bién d6 cua nhidu phan xa va nhidu ngau nhién dugce thay doi, trong
khi bién d6 cua song truot dugc gitr cd dinh khong doi (bang 2.2). Phuong trinh
(2.17) duoc ap dung twong tng Voi ting mirc nhiéu tao ra 10 gia tri SNR dao
dong tir 20dB dén 40dB. Ung véi mdi gié tri SNR thu duogc gia tri RMSE tuong
ung. Trong d6 R nh 1y Va R nn 2) 12 RMSE ctia anh d¢ nhét trudce va sau khi loc
trung Vi. R an 1y VA R an 2y 128 RMSE ctia anh d6 dan hoi truéc va sau khi loc
trung vi (bang 2.2).

Bang 2.2: Chi sé RMSE dg dan hoi va dg nhét lan lwot theo SNR

SNR/AB | R mq R nh R an (1) R an )

20 0.130 0.064 197.2 105.0
26 0.122 0.060 202.1 105.3
30 0.118 0.055 193.3 103.4
32 0.111 0.052 182.4 102.4
34 0.106 0.047 169.0 101.6
36 0.095 0.041 159.2 100.2
37 0.087 0.037 144.9 99.8
38 0.078 0.032 132.6 98.6
39 0.065 0.026 120.4 98.4
40 0.055 0.023 112.0 98.3
Dua trén céc gia tri thu duoc trong bang 2.2, tién hanh vé& biéu do nham so sénh
dinh lwong muc sai khac gitra anh wdc lugng va anh 1y twong thdng qua chi s6
RMSE. Két qua duoc thé hién trong hinh 2.25, trong d6 dudng mau do biéu
dién gié tri RMSE cuaa anh d6 dan hoi sau khi ap dung cac b loc nhiéu, con
duong mau xanh biéu dién gia tri RMSE cua anh d6 dan hoi truge khi loc. CO
thé quan sat rd rang rang, trong toan bo cac truong hop duoc khao sat, duong
cong RMSE twong ung véi anh sau khi loc luén nim dudi duong cong RMSE
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cua anh trude khi loc. Diéu nay cho thay sai sé gitta anh do dan hoi udce luong
va anh 1y tuéng da dugc giam dang ké sau qua trinh loc nhiéu. N6i cach khac,
anh d6 dan hoi sau loc ¢ mac do twong dong véi anh 1y tudng cao hon so véi
anh chua qua xu ly.

Két qua nay chitng minh rang céc bd loc nhidu duoc sir dung trong nghién
ctru ¢6 kha ning cai thién chat luong anh dan hoi khdng chi vé mat dinh tinh
ma con ¢ khia canh dinh lugng. Viéc giam gia tri RMSE phan anh sy suy giam
cua nhidu nén va céc sai léch ngau nhién tai cac diém anh, tir d6 nang cao do
6n dinh va do tin cay cua qua trinh udc luong mé dun dan hdi. Pay 1a co s
quan trong dé khing dinh hiéu qua ctiia phuong phap dé xuat trong viéc cai thién
chat lwong anh CSM dudi cac diéu kién nhiéu khac nhau.

220

m—p RMSE Trude khi loc
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RMSE
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Hinh 2.25: RMSE dnh dé dan hoi truéc va sau khi loc trung vi
Hinh 2.26 thé hién biéu do gia tri RMSE cta anh d6 nhét ude lugng trudc
va sau khi ap dung bo loc trung vi. Két qua cho thay cac gia tri RMSE caa anh
d6 nhét sau khi loc ludn nho hon so véi treong hop trudce khi loc, phan anh su
suy giam dang ké sai léch giira anh wéc luong va anh Iy tuong. Diéu nay ching
t6 bo loc trung vi c6 hiéu qua trong viéc cai thién chat luong anh d6 nhot va
nang cao d6 chinh x4c cia qua trinh udc lugng.
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—pe— RMSE Trudc khi loc
sy RMSE Sau khi loc
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Hinh 2.26: RMSE dnh dé nhot trueoc va sau khi loc trung vi

2.5. So sanh véi nghién ciru caa Lipman

Nghién ctru ciia Lipman va cong sy duoc cong bd trén IEEE Transactions on
Ultrasonics, Ferroelectrics, and Frequency Control [100] da c6 dong gop dang
ké khi d& xuat mé rong bd loc dinh huéng tir 2D 18n 3D va 4D nhim loai bo
nhidu phan xa trong tai tao anh tdc d6 séng cat (SWS). Cu thé, nghién ctiu nay
ching minh rang bo loc dinh huéng 2D truyén thong chi c6 kha niang loai bo
s6ng phan xa trong mat phang anh, trong khi véi cac cau tric dang khoi cau
nhu khéi u, s6ng phan xa con xuat hién tir ngoai mit phang anh va tiép tuc gay
ra sai léch nghiém trong trong anh SWS dudi dang udc tinh qua cao hoac quéa
thap tdc do song cat tai ving ria tén thuong. Bo loc 4D dugc dé xuat di cho
thay kha nang giam thiéu tot nhat loai nhiéu nay, vai két qua danh gia qua CNR
va % Bias trén cac md phong phantom hinh cau c¢6 d6 ctiing 6, 12 va 18.75 kPa.
Tuy nhién, nghién cau nay van boc 16 mot s han ché quan trong.

Tha nhét, nghién ctu chi xét duy nhat nhidu phan xa ma bo qua cac nguon
nhiéu khéc cling thudng xuy@n xuét hién trong thuc té 1am sang.

Thir hai, md hinh mé phong gia dinh mé 1a vat liéu dan hoi tuyén tinh thuan
tdy, hoan toan bo qua tinh nhat, diéu ma chinh cac tac gia thira nhan 1a han ché
I6n vi md sinh hoc thuc té 6 ban chat nhdt dan hoi. Do d6, anh téi tao chi phan
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anh d6 dan hoi ma thiéu thong tin vé 6 nhét, mot théng sé o gié tri chan doan
quan trong.

Thu ba, viéc trién khai bo loc 4D doi hoi tai nguyén tinh toan cuc Ion 1én dén
35 GB RAM va phan cimg dau do ma tran (matrix array) dat tién, khién phuong
phap nay kho ang dung rong réi trong thuc té 1am sang hién tai.

So véi nhitng han ché d6, nghién ctru dé xuét trong luan an nay c6 nhiing
dong gop vuot troi rd rét. Thay vi chi xir Iy mot loai nhidu, nghién ciru nay két
hop d6ng thoi ba bo loc LMS, dinh huéng va trung vi dé loai bo ba loai nhiéu
cuing ldc, phan anh sat hon diéu kién nhidu phic tap trong thuc té. Quan trong
hon, nghién ctu ndy khéng chi ding lai & uéc luong d6 dan hdéi ma con wde
lugng dong thoi do nhét cia md, cung cap thong tin toan dién hon vé dac tinh
co hoc mo, khac phuc truc tiép han ché c6t 16i ma Lipman et al. chua giai quyét
dugc. Ngoai ra, viéc sir dung chi s6 RMSE dé danh gia cho phép dinh luong
sai s tai tao mot cach chinh xac va khach quan hon so véi CNR va % Bias.
Nhitng cai tién nay cho thay nghién ciru dé xuat khéng chi giai quyét duoc cac
han ché cta phuong phap hién c6 ma con nang cao dang ké gia tri ung dung
trong chan doan 1am sang.

2.6. Két luan chwong 2

Trong chuong nay, nghién ctu sinh dé xuat phuong phap wdc luong anh do
dan hoi va d6 nhét cia mé tir van tée song truot boi biéu thirc AHI, nghién ctu
sinh d3 dé xuat viéc két hop cac bo loc LMS, loc trung vi va loc dinh hudng
nham loai bo dong thoi nhitng thanh phan nhiéu chinh gay suy giam chét luong
anh siéu am. Két qua thu duoc véi mac nhidu giam dang ké, duoc kiém ching
thong qua ca danh gia dinh tinh va danh gia dinh luong bang chi sé RMSE. Céc
két qua nay cho thay phuong phap dé xuat c6 hiéu qua trong viéc cai thién chat
luong anh va do chinh x&c ctia qua trinh uéc lwong tham sé co hoc cua md.
(Cac két qua nghién ciru trong chuwong nay da duoc cong bd trong cac nghién
ctu [2], [4]- [7] trong danh muc céng trinh ¢ong bé lién quan dén luan an). Mac
d0 nhiéu da duoc giam dang ké, mtc do nhidu van c6 xu huéng ting tai cac
viing xa ngudn phat, dan dén suy giam chat lwong anh & ving mé sau. Ngoai
ra, kich ban trong Chuong 2 chi st dung khéi u hinh vudng don gian nham tap
trung danh gia hiéu qua ctua chudi loc, nén chua phan anh day dua cac tinh huéng
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thuc té phtc tap hon. Vi vay, trong Chuong 3, nghién ctru sinh dé xuat phuong
phap kich thich da diém dé cai thién chat lugng anh & ving mé sau, dong thoi
m& rong md phong sang khéi u hinh tron nham danh gia tinh 6n dinh cua
phuong phép trong diéu kién hinh hoc phuc tap hon
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CHUONG 3: MO HINH KELVIN-VOIGT VOI KiCH THICH DA
PIEM CHO ANH PAN HOI/NHOT TRONG MO SAU

Nham nang cao chit lugng anh dan hdi—nhét tai cic ving mé su trong co
thé, trong Chuong 3 NCS dé xuat phuong phép kich thich da diém, két hop voi
cac bo loc nhidu. Phuong phap nay khong thay thé ma ké thira toan bo nén tang
xur ly tin hiéu da duoc xay dyng ¢ Chuong 2 gdm phép nghich dao dai s6
Helmholtz (AHI) cung cé&c bo loc LMS va trung vi va tich hop thém co ché
kich thich tir hai nguon phét. Nho do, hé théng duoc mé rong tir viéc khi nhidu
trén mot truong song don & Chuong 2 sang téng hop thdng tin tir hai trudng
song doc l1ap, qua d6 giai quyét mot cach co hé thdng bai toan suy hao ning
luong séng trugt ¢ ving mé sdu gisi han mang ban chat vat ly ma cac ky thuat
xu Iy hau ky khdng thé khac phuc triét dé. Cach tiép can nay gilp cai thién dang
ké d6 rd nét va do tuong phan cua anh, dic biét ¢ nhiing ving ma nang luong
song truot bi suy hao manh. Hai chi s Q-index va RMSE duoc st dung dé
danh gia hiéu qua cua phuong phap dé xuat.

3.1. Han ché caia khao sat anh dan héi md véi mot diém kich thich

Trong chuong 2, nghién ctru sinh da tap trung udc luong va cai thién chat
lwgng anh siéu &m dan hoi md bang cach sir dung két hop cac bo loc, nhd dé
anh 2D d6 dan hoi va do nhét thu duoc ¢6 mic nhidu giam dang ké so véi ban
dau. Tuy nhién, cht lugng anh siéu &m dan hdi md van bi anh huong bai mot
han ché mang tinh ¢ hitu 13 nang luong song truot bi suy hao khi lan truyén
trong mo [88]. Pé khac phuc van dé nay, mot cai tién quan trong nham ting
cudng chat lwong anh siéu 4m dan hdi md & cac 16p md sau duoc sir dung, cac
dic diém chinh cua phuwong phap dé xuat dugc tom tat trong bang 3.1

Bang 3.1: Han ché cua khdo sét anh siéu am véi mér diém kich thich

Tiéu chi 1 diém Kkich thich 2 diém kich thich

Nguon phat | Mot vi tri Hai vi tri kich thich doi xtng

Anh mé sau | Suy giam chat lugng | Anh 6n dinh toan ving khao sat




o1

Loc nhiéu phan xa, x x i x
L x ~ n Loc nhiéu ngau nhién, nhi¢u
Xu ly nhiéu | nhiéu ngau nhién, P )
x oz dom va két hop anh
nhiéu dom
Pénh gia Chi s6 RMSE Chi s6 RMSE va Q-index
Ung dung Vung khao sat néng | Ving mé sau trong co thé.

Céc dé xuat va két qua nghién ctu ctia chuong nay dugc cong b tai cong
trinh [CT1] va [CT3] trong phan “Danh muc cac cong trinh d3 cong bd trong
luan an cua tac gia”.

3.2. Khéi tao va lan truyén séng truot

Pé tao ra song truot, Kim rung tiép tuc dugc st dung l1a ngudn phét tao ra dao
dong tai hai vi tri riéng biét. Cac tin hiéu van tdc song truot dugc thu lai bang
hé théng siéu am Doppler nham phuc vu cho qua trinh tai tao anh. Hinh 3.1
minh hoa cu thé hai vi tri kich thich dwgc lya chon cho kim rung. Qué trinh
kich thich tai hai vi tri nay duoc thuc hién mot cach tuan tu, diéu nay gidp tranh
hién tuong giao thoa hoac cong husng khéng mong muén giira cac séng kich
thich, ¢am bao tin hiéu thu duoc tai mdi 1an kich thich 13 doc 1ap va phan anh
chinh xac dap wng ctia mé tai ting vi tri riéng biét. (hinh 3.1a mé ta diém kich
thich tai vi tri 1 bén trai khdi u, hinh 3.1b mé ta diém kich thich tai vi tri 2 &
phia ddi dién, bén phai khéi u).

( \

Kim rung Kim rung

Xung daod()<T & :\:J/ Xung dao dong
é e :
- oAy Khoéiu -
: :
4 w
Song trugt Séng truot
a) Kich thich tai vi tri 1 b) Kich thich tai vi tri 2

Hinh 3.1: Khdi tao song truot tai hai vi tri riéng biét
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3.3. Phwong phap nghién ciu dé xuat

Trong thuc hanh 1am sang, khi st dung thiét bi siéu am truyén théng, cac bac
si thuong di chuyén dau do dén nhiéu vi tri xung quanh khu vuc nghi ngo nham
cai thién chat lwong hinh anh va ting kha ning quan sat ton thuong. Viéc thay
ddi goc tiép can gilp cung cap cai nhin toan dién hon vé cau tric md bén trong.
Tuong tu, phuong phap dé xuat minh hoa bang ludng x i tin hiéu nhu trong
hinh 3.2, cu thé, tin hiéu van téc thu duoc tai ting vi tri, dau tién dugc xu ly
bang bo loc LMS dé loai bo nhidu ngau nhién (loc LMS duogc dé cap trong muc
2.2.3). Sau d6, cac anh d6 dan hoi va do nhdt duge ude lugng thong qua biéu
thire AHI. Tiép theo, bo loc trung vi duoc &p dung dé lam muot anh va giam
nhiéu doém (loc trung vi dugc dé cap trong muc 2.2.5). Cubi cling, c4c anh tuong
g v&i hai vi tri kich thich duoc két hop lai nhiam tao ra anh két hop c6 chét
lugng cao hon

Séng trugt ot @ 3 ke Nhiéu s Song truot

Tin hiéu thu Tin hiéu thu

Anh dan hdi/nhst SR Anh din hdi/nhot

8l Loc trung vi Loc trung vi

B dan hdi/nhot FEE dan hoi / nhét

Hinh 3.2: Luéng Xz ly tin hiéu

Hai chudi quy trinh x Ii tin hiéu duoc thuc hién doc lap twong ting hai vi tri
dat kim rung, bén trai la quy trinh xt Ii tin hiéu dat tai vi tri 1, bén phai la quy
trinh twong tu nhung ap dung cho vi tri 2.

Phwong phap két hep anh
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Anh két hop tir hai ngudn kich thich dya trén nguyén ly ti vu hoa chét lwgng
tin hiéu theo viing khong gian. Khi séng co hoc lan truyén tir ngudn kich thich
vao trong mdi trudng, bién do song s& suy giam dan do cac hién tuong vt Iy
nhu hap thu ning luong, tin Xa va phan xa. Diéu nay dan dén ti s6 SNR giam
dan theo khoang céch tir ngudn. Do d6, viing gan ngudn kich thich s& c6 chat
lwgng tin hiéu tét hon va anh tai tao chinh xac hon so véi viing xa ngudn. Trong
hé théng str dung hai nguén kich thich dat & hai vi tri d6i dién (nguon 1 & bién
trai, ngudn 2 & bién phai), mdi ngudn s& tao ra mot trudng soéng lan truyén theo
hudng riéng va cho phép tai tao mot anh doc 1ap. Ngudn 1 tao ra anh co chat
lugng tot & phia bén trai cua ving khao sat, noi song chua bi suy hao nhiéu.
Tuong ty, nguon 2 tao ra anh c6 chat luong tét & phia bén phai. Viéc két hop
hai anh nay nham muc dich tan dung viing chat lwong cao nhat tir mdi nguon
dé tao ra mot anh két hop c6 @6 chinh xac cao hon. Cach thuc két hop duogc
thuc hién theo phuong phap phan ving ctiing dua trén vj tri khdng gian. Mién
anh duogc chia lam hai nura theo truc tung tai vi tri gitra (cot thir 40 trong ludi
80x80). Pi voi mdi pixel trong anh két hop, gia tri duoc chon tir mot trong hai
anh ngudn dya trén tiéu chi vi tri:

Nira trai (cac cot tir 1 dén 40): Lay gi4 tri tir anh tai tao boi nguén 1, vi day
la viing c6 SNR cao nhét tir nguon nay.

Nira phai (cac cot tir 41 dén 80): Lay gia tri tir anh tai tao boi nguon 2, vi day
la viing c6 SNR cao nhat tir ngudén nay. Phuong phap nay duoc ap dung dong
thoi cho ca anh 6 dan hdi va anh do nhét.

Thuit toan két hep anh tir hai nguén kich thich

Pau vao: mul_estl, eta_estl: Anh d6 dan hoi va d6 nhét ude luong tir ngudn
1 (kich thuéc 80x80), mul_est2, eta_est2: Anh do dan hoi va do nhét wdc
lugng tir nguon 2 (kich thuéc 80x80). Pau ra: mul_est, eta_est: Anh d6 dan
hoi va d6 nhét két hop (kich thudc 80x80)

Cac buwoc thuc hién:
Bwéc 1: Duyét qua timg diém anh (i,j) trong mién anh 80x80:
Fori=1to80do
Forj=11to080do
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Bwéc 2: Kiém tra vi tri cua diém anh theo chiéu ngang va chon ngudn dit liéu
tuong tng:
Néu j < 40 (diém anh nam ¢ nira bén trai):
Gan mul_est(i,j) = mul_est1(i,j) (lay gi4 tri tr anh nguon 1)
Gén eta_est(i,j) = eta_est1(i,j) (1ay gi4 tri tir anh ngudn 1)
Nguwoc lai (diém anh nim & nira bén phai, j > 40):
Gan mul_est(i,j) = mul_est2(i,j) (lay gi4 tri tr anh nguon 2)
Gén eta_est(i,j) = eta_est2(i,j) (1ay gié tri tir anh ngudn 2)
Bwéc 3: Lap lai quy trinh cho tat ca cac diém anh trong anh.

Tiép tuc vong lap cho dén khi duyét hét tat ca cac diém anh tir (1,1) d&én
(80,80).

Buwéc 4: Xuat anh két hop.

Ma tran mul_est va eta_est 1a anh do dan hdi va do nhét da duoc két hop tir
hai nguon.

Uu diém cua phuong phap nay 1a tinh don gian, d& trién khai va hiéu qua
trong viéc cai thién chat lugng anh tong thé. Bang cach chon loc thong tin tir
viing cd chat luong tot nhat cia mdi nguon, tir d6 nang cao do chinh xéc trong

viéc phét hién va dic trung hoa cac bat thuong trong mé nhu khéi u.

3.4. Kich ban mé phéng va két qua
Kich ban mo phéng

K§ thuat FDTD tiép tuc duoc str dung dé mé hinh héa qua trinh lan truyén
Ccua song truot tai hai vi tri Kich thich (vi tri 1 va vi tri 2). Phuong phéap nay cho
phép tai hién chinh xac dic trung lan truyén cta song trong moi trudng md co
tinh dan hdi-nhét, nho kha nang mé phong sy bién thién ciia song theo ca khong
gian va thoi gian. Cac cong thuc tinh toan chi tiét duoc trinh bay trong muc
2.1.2. Nham kiém chiing hiéu qua cta phuong phap dé xuat md ta trong hinh
3.2, mot kich ban md phong dugc xay dung véi cac thong sé nhu sau: Ti khoi
cua mo dugc gia dinh la 1000 kg/ms3, vung mé khao sat ¢c6 kich thudc 80 x 80
mm, d6 phan giai khong gian theo truc X va Y 1a 1mm, twong tng véi anh sb
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hoa gom 80 x 80 pixel, s vi tri do dwgc 1a 6400 vj tri. Ban kinh khéi u cé kich
thuéc 20mm, khoang céch giira hai lan tinh toan lién tiép trong md phong
FDTD Ia 0.1ms. Ngudn kich thich 1a kim rung, hoat dong ¢ tan s 150 Hz véi
bién do dao dong 6 mm, duge dat luan phién tai hai vi tri dbi xang quanh viing
chtra khéi u. Céc gia tri cua do dan hdi va do nhét cho hai loai md, md lanh va
md bénh, duogc trinh bay trong bang 3.2. Kich ban mé phong trong chuong 3
khéng duoc thiét ké ddng nhat véi chuong 2, do hai chwong hudng téi cac muc
tiéu nghién ctu khac nhau. Trong khi chuong 2 tap trung danh gia hiéu qua cua
cac ky thuat xa ly tin hiéu hau ky nham giam nhiéu ngau nhién, nhiéu dém va
nhiéu phan xa trong diéu kién hinh hoc khéi u don gian, thi chwong 3 hudéng
ti giai quyét nguyén nhan vat ly goc ré cua suy giam chat luong anh trong mo
sau, thdng qua giai phap kich thich da diém. Bén canh viéc thay doi co ché kich
thich, hinh dang va cau tric hinh hoc caa khdi u trong chuong 3 ciing duoc diéu
chinh nham md phong cac tinh hubng thuc té phuc tap hon. Viéc thay di hinh
dang khéi u cho phép danh gia tinh 6n dinh va kha niang thich nghi ctia phuong
phép dé xuat trong cac diéu kién lan truyén bat loi, dac biét & cac ving mo sau.

Do d6, cac tham s6 md phong trong Chuong 3 dugc lya chon nham 1am noi
bat dong thoi anh hudng cia suy hao ning lugng theo chiéu sau, dic diém hinh
hoc ciia khdi u va kha nang cai thién SNR ciia phuong phép kich thich da diém,
thay vi duy tri cung mot kich ban véi Chuong 2. Tuong tu, dai SNR khao sat ¢
hai chuong ciing duoc chon khac nhau theo muc tiéu riéng: Chuong 2 danh gia
chudi loc trén dai rong 20-40 dB dé khao sat dap (ng tong thé trong nhiéu diéu
kién nhiéu, con Chuong 3 cha dich ha trong tam xuéng ving SNR thap (19 va
29 dB) nham chizng minh hiéu qua cta kich thich da diém dung trong diéu kién
bat loi — viing mé sau, SNR thap — noi phwong phap mot diém kich thich bt
dau suy giam chat luong; néu giit nguyén dai SNR cao, uu thé cua giai phap da
diém s& khong boc 16 rd vi & mac nhidu thap ca hai cach tiép can déu cho két
qua tot twong duong. Nhu vay, cach thiét ké nay cho phép danh gia hiéu qua
cua timg phuong phap trong bdi canh phi hop voi muc tiéu khoa hoc riéng cua
mdi chuong, va céac chi s dinh luong dugce dung dé phan tich xu hudng trong
ting kich ban hon 1a so sanh truc tiép gia tri tuyét di gitra hai chuong.

Bdng 3.2: CAc gia tri dé dan hoi va dg nhét cia md lanh va mé bénh.
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Loai mé | P dan hoi (Pa) | Pd nhét (Pa.s)

Mo lanh 6000 1.2

Mo bénh 9000 1.8

Duéi diéu kién 1y twong, khi tin hiéu khdng bi anh huéng boi nhiéu, cac anh
d6 dan hdi va do nhét Iy tudng thu duoc cd dang nhu minh hoa trong hinh 3.3,
véi kich thudc va hinh dang hoan toan twong tng véi kich ban mé phong da
mo ta o trén.

Hinh 3.3: Anh dé dan hoi va dg nhét Ii tieong
3.4.1. Két qua md phéng véi SNR = 29dB

Qua trinh lan truyén cua song trugt trong moé dugc md phong biang phuong
phap FDTD nham tai hién chinh xac dic tinh truyén song trong mdi truong dan
hoi-nhét. Tur dit liéu van tdc thu dugc, anh mo dan hdi-nhét duge ude luong
bang thuat toan LMS/AHI. Sau d6, bo loc trung vi dugc ap dung dé lam muot
két qua, giam nhiéu dém dic trung trong anh siéu am trudc khi tién hanh két
hop anh CSM tir hai ngudn riéng biét.

Ngudn phat dit tai vi tri 1.

Tai vi tri 1 (40,0), ngudn phat duoc dit & phia bén trai ving khao sat, dong
vai tro tao ra song truot lan truyén theo hudng tir trai sang phai trong méi trudng
mo. Dang séng thu duoc cho thay sy hinh thanh va lan truyén 6n dinh caa séng
truot, v4i bién do van toc giam dan theo khoang céch lan truyén, phan anh hién
tugng suy hao ning luong trong mé dan hodi nhét. Trong hinh 3.4, dudng mau
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do6 biéu dién van toc song truot wéc luong dugc, trong khi duong mau xanh thé
hién gia trj van toc Iy tuong. Hai dudng d thi bam sat nhau & ving gan ngudn
phat, nhung bién do van toc cua séng suy giam khi ra xa ngudn kich thich.

=107
151

05+

Vin tée [m s7]
o

-05F

s . \ . \ .
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Vi tri khong gian

Hinh 3.4: Vdn téc séng trirot tir nguon phét 1
Gid tri van toc song truot tai vi tri 1 duoc loai bé nhidu ngau nhién va nhiéu
dém trude khi duoc wdc luong bang thuat toan AHI. Két qua thu duoc 1 anh
2D d6 dan hoi va anh 2D do nhét (hinh 3.5, hinh 3.6).

10 20 30 40 50 60

70

Hinh 3.5: Anh dé dan hoi tai vi tri 1
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Hinh 3.5 anh d6 dan héi tai vi tri 1, Kich thudc va hinh dang déu twong ting
Véi thdng s6 trong bang 3.2 va hinh anh 1i tuéng (hinh 3.3). Mic d6 nhiéu ting
dan khi xa nguon phat.

Hinh 3.6: Anh d6 nhot tai vi tri 1
Dé quan sat rd hon anh huang cua nhiéu, anh do dan hoi va do nhét tai hang
40 (hinh 3.7), cit ngang qua chinh gitra khdi u gitp theo ddi sy thay doi gié tri
d6 dan hoi va do nhét,

10 20 30 40 50 60 70 10 20 30 40 50 60 70

Hinh 3.7: Hang cdt 40 cat ngang qua khai u
Trong hinh 3.8 1a anh d6 dan hoi va do nhét tai hang 40. Véi duong mau
xanh 1a gia tri li tuong, duong mau do 1 gié tri wéc lugng duoc. Trong d6 thi
nay gia tri do dan hdi va gia tri do nhét ude luong bam sat dudng mau xanh, co
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gia tri trong rng véi bang mé ta kich ban ¢ trén, mic d6 dao dong ctia duong
mau d6 cang trd nén rd rét va xa dudng do thi 1i twong khi xa khoi ngudn phat.
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Vitri khong gian Vi tri khong gian

Hinh 3.8: Anh dé dan hoi va dé nhét tai hang 40.
Nguon phat dat tai vi tri 2

Ngudn phat tai vi tri 2 nam tai (40,80). Séng trugt duoc hinh thanh va lan
truyén vé phia bén trai.
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Hinh 3.9: Vdn téc séng trirot tir nguon phét 2
Trong d6 thi van toc song truot tai nguon phat 2. Pudng van toc song truot
udc luong duge bam sat duong do thi li tuong. Bién do van tdc suy giam dan
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khi xa khoi ngudn phat. Tuong tu, 4p dung AHI dé wéc luong do dan hoi va do
nhét do ngudn kich thich 2 tao ra.

Hinh 3.10: Anh dé dan hoi tai v tri 2
Sau khi dich chuyén ngudn phat sang vi tri thir 2, trén anh d6 dan héi (hinh
3.10) c6 thé thay hinh anh khéi u kha rd rang. So véi anh d6 dan hoi, anh do
nhét thé hién muc d6 rd nét thap hon do sy chénh 1éch gié tri gitta mé bénh va
md lanh nho hon (hinh 3.11).

10 20 30 40 50 60 70

Hinh 3.11: Anh d¢ nhét tai vi tri the 2
O vung bén phai khéi u, bién ranh giéi van duoc thé hién kha rd, tuy nhién
d6 sic nét giam dan khi di chuyén vé phia bén trai, tic 1a ving xa ngudn phat
thi hai. Pé quan sat rd hon su thay dbi nay, hinh 3.12 va hinh 3.13 trinh bay vi
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tri hang cit 40 cung vai biéu db bién thién gia tri ¢6 dan hoéi va do nhét doc
theo dudng cit. Cac két qua cho thay muc do suy giam tin hiéu va dao dong gia
tri udc lugng ting 1én khi khoang cach dén ngudn phét I16n hon, phan anh dung
anh huong cua suy hao nang luong song trugt trong moi truong mo.

Hinh 3.12: Puwong cat 40 ngang qua khdi u
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Hinh 3.13: Anh d¢ dan hoi va @ nhét tai hang 40
Tai mdi ngudn phat riéng biét thu dwoc anh 2D d6 dan hoi, dd nhot va anh
d6 dan hoi, do nhét tai hang 40 cang cé Ii thuyét cho thay su suy giam bién do
(nang lwong) van tdc song truot anh huang tryuc tiép toi do rd nét cua anh o khu
vuc xa nguon kich thich.
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Két hop nguon 1 va ngudn 2

Anh 2D d6 dan hoi va 2D do nhét tir hai ngudn 1 va nguédn 2 duoc két hop
lai, giGp loai bé nhiéu ¢ viing xa ngudn phat. Két qua thu dugc nhu trong hinh
3.14, hinh 3.15. Trong hinh (hinh 3.14) anh d6 dan hdi két hop cho thay hinh
anh rd rang, giam thiéu rat nhiéu nhiéu so véi anh d6 dan hdi tir hai ngudn riéng
Ié so véi két qua trong hinh 3.5 va hinh 3.10.

Hinh 3.14: Anh dé dan hoi két hop véi SNR=29dB
Trong hinh 3.15 cho thay anh d6 nhét két hop cai thién déng ké so voi hai
anh d6 nhot thanh phan & két qua hinh 3.6 va hinh 3.11.

10 20 30 40 50 60 70

Hinh 3.15: Anh dé nhét két hop véi SNR=29dB
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Anh két hop d6 dan hoi va d6 nhét tai hang 40, gitip quan sat rd hon hiéu
qua viéc loai bo nhidu ¢ viing xa ngudn phat.
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Hinh 3.16: Anh dé dan hoi két hop tai hang 40 véi SNR=29dB
Hinh 3.16 cho thay gia tri o dan hoi bam sat duong d6 thi 1i tuong ké ca doi
véi viing xa ngudn phét. Két qua cai thién nhiéu so véi do dan hoi tir ngudn
riéng Ié. Vung khéi u phan tng rd rét (bang kich ban 3.2).
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Hinh 3.17: Anh dé nhét két hop tai hang 40 SNR=29dB
Khi quan séat anh do nhét tai hang 40 c6 thé thay nhiéu xa nguon cai thién
nhiéu (hinh 3.17), tuy nhién tai ving bién caa khéi u gia tri udc luong thu duoc
khong bam sat duong 1i tudng nhu d6 dan hoi, diéu nay khién cho dudng vién
khéi u tra nén khong rd nét bang. Két qua nay do gia tri do nhot khéi u chénh
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léch khong cao so véi dot nhot md lanh. Mic du vay két qua da cai thién rat
nhiéu so véi anh do nhét thanh phan.

3.4.2. Két qud md phéng véi SNR = 19dB

Thuc nghiém duoc tién hanh vai gid tri SNR = 19dB nham danh gia muac do
anh huong cua ty s6 tin hiéu trén nhidu dén két qua uéc lugng thu dugc. NCS
chon cach tiép can gitr nguyén cuong do caa tin hiéu goc va chi thay ddi bién
d6 cua nhidu dé diéu chinh gia tri SNR mong mudn. Cach lam nay gitp dam
bao rang moi bién thién trong két qua déu xuat phat chu yéu tir sy thay doi cua
nhiéu, thay vi do thay d6i dic tinh cua tin hiéu. Khi so sanh gitta hai truong hop
SNR = 19dB va SNR = 29dB, c6 thé nhan thay rang mac nhidu trong truong
hop SNR = 19dB cao hon, dan dén chat luong tin hiéu thu duoc bi suy giam ro
rang. Piéu ndy cho phép danh gia vé tinh on dinh va do tin cay cia phuong
phap khi diéu kién nhiéu thay doi.

Nguon phat dat tai vi tri 1

Vé6i SNR = 19dB, ngudn kich thich duoc dit tai vi tri (40,0). Song truot lan
truyén duogc thé hién trong hinh 3.18, cho thay bién do van toc cia song truot
giam dan theo khong gian lan truyén. So véi truong hop SNR =29dB, duong
van toc udce luong trong diéu kién SNR = 19dB xuat hién nhiéu dao dong hon
va sai khac rd rét so vai duong van te 1y tuong.
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Hinh 3.18: Séng trueot lan truyén tai vj tri 1
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Anh uéc lugng d6 dan hdi tai vi tri ngudn phat thir nhat (hinh 3.19) cho thay
khdi u van dugc tai hién véi hinh dang twong tu kich ban mé phong, tuy nhién
nhidu xuat hién day dic hon, dic biét & viing xa ngudn phat, thé hién rd anh
huong tiéu cuc ciaa didu kién SNR thap dén chat luong anh dan hoi.

Hinh 3.19: Anh dg dan hoi tai vi tri 1
Anh d¢ nhét tai vi tri 1 (hinh 3.20) udc luong duoc cho hinh dang, kich thuéc
cua khdi u. Cac ving bién cua khéi u xa ngudn xuat hién nhiéu nhiéu.
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Hinh 3.20: Ank dg nhét tai vi tri 1
Dd thi biéu dién gi tri d6 dan hoi va do nhét tai hang 40 cho thay sy sai léch
dang ké & ving xa ngudn kich thich, phan anh mtc do anh huong cua nhiéu
dén do chinh xé&c cua phép udc luong. DU vay, xu hudng tong thé van thé hién
dung su khac biét co hoc gitra khdi u va mé lanh.
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Hinh 3.21: Anh dé dan héi va dé nhét tai hang 40
Nguon phat dit tai vi tri 2
Hinh 3.22 minh hoa su lan truyén cua song trugt khi ngudn phat duoc dit tai
vi tri thtr hai. Dang song quan sat dugc ¢ bién do van toc suy giam theo khong
gian. Hudng lan truyén song truot theo chiéu tir phai tai vi tri (40,80)sang trai.
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Hinh 3.22: Séng trueot lan truyén tai vi tri 2
Anh dan hdi tai vi tri ngudn phét tha hai tiép tuc thé hién duoc cau trdc khoi
u, du chét lwong hinh anh suy giam rd do nhidu. D6 twong phan gitra hai ving
mo giam, song khéi u van c6 thé dugc phan biét thong qua ving cé gié tri dan
hoi cao hon. Két qua nay cho thay phuong phap van duy tri duoc tinh on dinh
tuong dbi trong diéu kién nhidu 16n (hinh 3.23).
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Hinh 3.23: Anh dg dan hoi tai vi tri 2
Anh d6 nhét & vi tri 2 cho thdy muac nhidu nén cao hon anh dan hdi, bién
khdi u bi che m, du hinh dang tong thé khéi u van dugc nhan dién, nhung do
chuyén tiép giira md bénh va md lanh khéng con rd rang, diéu nay khang dinh
viéc uwéc lwong do nhét chiu anh huong manh hon cia nhidu so véi 6 dan hoi.
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Hinh 3.24: Anh d nhét tai vj tri 2
Hinh 3.25 biéu thi su phan b d6 dan hoi va do nhét tai hang 40. Muc do dao
dong rat manh cua gié tri u6c luong 1am giam do chinh xéc tin hiéu, dac biét ¢
viling xa nguoén phat.
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Hinh 3.25: Anh dé dan héi va dé nhét tai hang 40
Két hop nguon 1 va nguén 2

Khi két hop anh dan hoi tir hai ngudn phét, chat lugng hinh anh duoc cai
thién dang ké. Nhiéu tai ving xa duoc triét tiéu phan 16n, ranh gidéi khéi u tro
nén lién mach hon (hinh 3.26). Két qua nay chang minh hiéu qua caa k§y thuat
kich thich da diém trong viéc ting d6 6n dinh va kha ning nhan dién mé sau
trong diéu kién tin hiéu yéu.
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Hinh 3.26: Anh dé dan hoi két hop véi SNR=19dB
Anh d6 nhét sau khi két hop hai ngudn cho thay cau trdc khdi u rd rang va
hai hoa hon so véi hai anh riéng Ié (hinh 3.27). Mic di mét s6 ving nhiéu nho
Vvan ton tai, nhung sy phan tach gitta mé 1anh va mé bénh dugc thé hién rd rang
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hon. Biéu nay cho thiy phuong phap két hop anh gitp phuc hdi dang ké théng
tin d6 nhét bi suy giam bai nhiéu.

Hinh 3.27: Anh @3 nhét két hop véi SNR=19dB
Hinh 3.28 cho thay gia tri d6 dan hoi sau khi két hop hai nguén phat bam sét
hon véi duong ly tudng so vai cac truong hop riéng lé. Mirc d6 dao dong giam,
dic biét & viing xa ngudn kich thich.
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Hinh 3.28: Anh dé dan hoi két hop tai hang 40 véi SNR=19dB
Hinh 3.29 cho thay ving nhiéu dit doi ¢ xa ngudn phat da duoc khic phuc,
cung ¢ vai tro ciia phwong phap kich thich da diém trong viéc tai tao cac thong
s6 nhat trong diéu kién SNR thap.
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Hinh 3.29: Anh @3 nhét két hop tai hang 40 véi SNR=19dB

Két qua md phong cho thay rang SNR 1a mot yéu té quan trong anh huong
truc tiép dén chat lugng anh dan hoéi-nhét cia mo. Trong diéu kién SNR =
29dB, tin hiéu thu dugc co d6 6n dinh cao, bién dang song truot rd rang, it bi
méo dang, gitip AHI u6c luong chinh xac cac théng sé co hoc. Anh do dan hoi
va do nhot & mac SNR nay thé hién bién khdi u rd nét, gia tri wdc lugng on
dinh va tuwong dong v4i mé hinh 1y twong, phan anh hiéu qua cao cua quy trinh
xur Iy va tai tao anh. Nguoc lai, khi SNR giam xuéng 19dB, nhiéu ngau nhién
tang manh gay bién dang tin hiéu van toc va lam suy giam dang ké chat luong
anh thu duoc. CAc anh do dan hoi va do nhét xuat hién nhidu nén rd rét, ranh
gidi khdi u bi mo, va céc gia tri wéc lugng dao dong Ion hon, dic biét tai ving
xa nguon phat. Piéu ndy chang to tinh nhay caa thuat toan d6i vai mac nhiéu,
déng thoi nhan manh tim quan trong cta viéc cai thién ti sé SNR trong thuc té
do dac. Tuy nhién, khi &p dung phuong phép kich thich da diém két hop voi
cac bo loc, chét lugng anh trong diéu kién nhiu cao da duoc cai thién dang ké.
Anh két hop tir hai nguon phat cho thay sy giam thiéu nhidu rd rét & ving xa,
bién khdi u dugc phuc hoi, va cac gié tri d6 dan hoi-nhét tién gan hon vai gia
tri Iy twong. Két qua nay dac biét hitu ich trong béi canh tin hiéu yéu hoac khao
sat & vung mo sau.

3.5. Panh gia mirc d6 twong dong cia anh véi chi sé Q-index

Chi s6 Q-index danh gia murc d6 twong dong giira hai anh dya trén ba yéu té
quan trong: do sang, d6 twong phan va cau trac hinh anh. Pay 1a nhimg dac
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trung chinh phan anh céch con ngudi cam nhan thi giac ddi voi mot hinh anh
[101-102]. Gié tri cua Q-index nam trong khoang [-1, 1], trong d6 gia tri = 1
biéu thi mic do twong ddng cao nhat. V&i mot anh 1y tuong kich thuéc MxN
ki hiéu | va anh udc luong duoc ki hiéu K, chi sé Q-index dugc dinh nghia nhu
sau:
Q- 2N (3.)
(o, +o,)X +Yy)

Trong do, XVa y la gia tri trung binh dai dién cho d6 sang, phan anh mirc
séng tong thé cua anh 1 va K.

1N PIHIRI(N) (32)
1 MxN .

V=—_ 3.3

y MN Zi:lzjle(l’J) ( )

o’la 0'5 la phuong sai cua hai anh | va K, dai dién cho d¢ twong phan, chira

b
I

muc d6 bién thién cua cuong do diém anh. P9 twong phan anh huong dén kha
nang phan biét cac chi tiét va bién ranh giéi trong anh

1 M x— N N2
o= _1Zi=1zj=1(| (i,j)-x) (3.4)

1 M N a2
oy = o 7 2s 2 (K (1) =) (35)

Gxy 12 hiép phuong sai ciia anh I va K, dai dién cho su twong quan ciu triic
cua anh, phan anh méi lién hé khong gian va hinh thai cua cac ving trong anh.
Pay 1a yéu té quan trong trong viéc duy tri cac dic trung hinh hoc va két cau
mo khi tai tao anh

EARVIY 12 "G -®) (K (1 1)-Y) (3.6)

Chi s6 Q-index c6 kha nang phan anh toan dién chat lugng cta anh gan Véi
cam nhan thi giac ctia con nguoi, giup danh gia hiéu qua hon trong cac bai toan
xu Iy va tai tao anh y hoc, vai gia tri cia chi sé Q-Index cang gan bang 1 thi
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hai anh cang gidng nhau. Trong bang 3.3, gia tri Q-index d6 dan hoi va do nhét
v6i 6 mic SNR, Vi Q ah n1, Q ah n2, Q an kn 1an luot 12 gid tri Q-index cua do
dan hoi tai nguon phat 1, ngudn phét 2 va két hop. Q h n1, Q h 2 Q nn kn 12 Q-
index anh d6 nhét tai vi tri 1, 2 va két hop

Bang 3.3: Bdng gid tri Q-Index dg dan hoi va dé nhét
SNR/dB Qfdhfnl Qfdhfnz Qfdhfkh Q_nh_nl Q_n h_n2 Q_n h_kh
19 0.662 0.769 0.927 | 0.198 | 0.24 | 0.532

21 0.725 0.823 0.946 | 0.227 | 0.309 | 0.622

23 0.821 0.847 0.954 | 0.336 | 0.433 | 0.709

25 0.848 0.897 0.961 | 0.375 | 0.453 | 0.798

27 0.895 0.913 0.963 | 0.521 | 0.547 | 0.861

29 0.919 0935 | 0.965 | 0.582 | 0.609 | 0.87

Trong hinh 3.30 va 3.31, 1a dudng do6 thi biéu thi sy thay doi cua chi s6 Q-
index véi gia tri SNR cta anh do dan hoi va anh do nhét. Cac dudng d6 thi mau
xanh, den va do lan luot 1a duong do thi gia trj Q-index caa anh tir hai nguon
két hop, anh tir nguén 2 va anh tir ngudn 1. Pudng d6 thi mau xanh ludn nam
trén va tiém can gié tri 1 hon so véi hai duong con lai, diéu nay c6 nghia anh
d6 dan hoi va anh do nhét dugc két hop tir hai nguén co do twong ddng vai anh
li twong hon so vai anh tir cac nguon thanh phan.
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3.6. Panh gia hiéu qua xir Iy anh véi chi s6 RMSE

Ngoai chi s Q-index, dé danh gia su tuong dong va hiéu qua cia phuong
phap véi anh ude lwong sau xt 1i va anh 1i tuéng dua trén chi s6 RMSE, phuong
phap duoc dé cap trong muc 2.5. Cu thé bang két qua gia tri RMSE d6 dan hoi
va do nhét twong tng véi 6 mic SNR (bang 3.4) V6i R i ni, R dh n2, R an 1 14N
luot 12 gia tri RMSE anh do dan hdi tai vi trf ngudn phét 1, ngudn phat 2 va gi
tri RMSE anh d6 dan hoi két hop tir hai nguon phat. Tuong tu R 1, R nh_n2,
R nh_kn lan luot 12 gia tri RMSE anh do nhét tai vi tri nguon phat 1, nguon phat
2 va gia tri RMSE anh do nhét két hop tir hai ngudn phat

Bang 3.4: Bang gia tri RMSE cua dé dan héi va do nhét

SNR/dB R_dh_nl R_dh_nz R_dh_kh R_nh_nl R_nh_n2 R_nh_kh

19 1456.4 | 1087.7 | 490.6 | 0.6971 | 0.5911 | 0.3269

21 1211 | 876.9 | 410.1 | 0.6013 | 0.5039 | 0.269

23 886.5 | 794.1 | 377.7 | 0.4751|0.3996 | 0.2176

25 793.1 | 613.5 | 345.8 | 0.4376 | 0.3688 | 0.1743

27 624.2 | 548.8 | 332.2 |0.3343 | 0.3133 | 0.1425

29 527.1 | 459.6 | 323 |0.2911]0.2738 | 0.1349

Trong hinh 3.32 va hinh 3.33 dé dang nhan thay duong do thi gia tri RMSE
tir anh d6 dan hoi va do nhat két hop tir hai ngudn (duong mau xanh) luén nam
dudi, c6 gia tri nho hon so véi hai duong d6 thi RMSE tir hai nguon riéng Ié
(duong d6 thi mau den va mau do) diéu d6 c6 nghia véi chi s6 RMSE cho thay
anh két hop tir hai nguon riéng 1é c6 su tuong dong véi anh 1i tuong hon so véi
anh d6 dan hdi va anh do nhét tir hai ngudn riéng biét.
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3.7. So sanh véi nghién cieu caa Xufei Chen

Trong nghién ctu caa Xufei Chen [103], tac gia tap trung giai quyét bai toan
suy giam ty s tin hiéu trén nhiéu (SNR) cua tin hiéu song truot trong Shear
Wave Elastography, dic biét khi nang lwogng kich thich thap hoac khi khao sét
& vlng sau cua mo. Séng trugt duoc tao ra bang ARF véi xung kich thich c6
tan s trung tam 4.5 MHz va do dai 1500 chu ky, sau d6 van tc hat theo truc
Vz dugc udce lugng tir dir liéu 1Q. Do SNR giam khi song suy hao theo khoang
cach hoic khi giam ning luong kich thich, tac gia dé& xuat mot mang hoc sau
3D da d6 phan giai (MRCNN) nham dong thoi ude lugng va khir nhiéu tin hiéu
Vz. Mang duoc huan luyén bang cach sir dung dit liéu tham chiéu c6 chét lugng
cao tao tir 45 1an thu plane-wave compounding véi nhiéu goc va tan s khac
nhau, trong khi dit liéu dau vao chi 12 mot 1an thu don véi ning lugng thap hon.
Két qua cho thdy phuong phap nay c6 thé cai thién chat luong tin hiéu, véi SNR
tang khoang 4.47 dB, dong thoi nang cao d6 twong phan cua ban d6 do dan hoi
théng qua cac chi s6 nhu CNR va RMSE. Tuy nhién, phuong phap nay phu
thudc vao quy trinh thu dix liéu huan luyén phc tap, doi hoi nhiéu 1an phét séng
phang va chi phi tinh toan 16n; hon nira, do ban chit hoc dya trén di liéu, md
hinh c6 thé gap hién tuong 1am muot qua mac, 1am sai 1éch bién va céu trac tin
hiéu, hoac tai tao cac chi tiét khdng ton tai trong dix liéu goc. Ngoai ra, phuong
phap cha yéu ding & viéc cai thién ude luong van toc dé xay dung anh d6 dan

hdi, chua khai thac cac dic tinh co hoc khac nhu d6 nhdét.

So vai céch tiép can nay, nghién cau caa NCS st dung hai ngudn kich thich
co hoc bang kim rung dé tao séng truot truc tiép trong mo. Phuong phap nay
cho phép diéu khién truc tiép va linh hoat ca vj tri 1an cuong do kich thich, do
vi tri ngudn song duoc xac dinh bai dau kim va bién do dao dong co thé diéu
chinh thong qua hé truyén dong, trong khi luc kich thich trong ARF phu thudc
vao nhiéu yéu té nhu tiéu diém chiam siéu am va suy hao trong mé. Nho do,
song truot tao ra c¢é bién do 16n hon va 6n dinh hon, dic biét & ving sau. Két
hop vai cac ky thuat xir ly tin hiéu nhu bo loc dinh hudng, LMS va trung vi,
phuong phap dé xuat cd thé giam nhiéu tryc tiép trén di liéu van tbc ma khong
phu thudc vao qué trinh huan luyén, tir &6 han ché céc sai léch do hoc may gay
ra. Quan trong hon, tir dit liéu van tdc thu dugc, phuong phap cua NCS dé xuat
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cho phép tai tao déng thoi anh d6 dan hdi va anh do nhét, cung cap mo ta day
da hon vé tinh chat dan hoi-nhét cuia mé so véi phuong phap ctia Chen.

3.8. Két luan chwong 3

Trong nghién cizu nay, NCS dé xuat mot giai phap nham nang cao chit lugng
anh dan hoi va nhot, dic biét tai cac ving md sau. Do qua trinh chup anh st
dung hai diém kich thich nén thoi gian xur Iy dai hon so véi chi s dung mot
ngudn kich thich. Thoi gian md phong téng thé ciing phu thudc vao cau hinh
hé thdng: trén may tinh ca nhan (Intel Core i7-1065G7, CPU 1.3 GHz, RAM 8
GB, khong c6 GPU roi), qua trinh xu Iy mat khoang 3 phut, trong khi trén
MATLAB Online giam con khoang 1 phdt — van & mic chap nhan dugc So V4i
nghién cau tham khao [104]. Két qua cho thay phuong phap dé xuat I1a kha thi
va mang lai cai thién dang ké, duoc x4c nhan qua ca danh gia dinh tinh va dinh
lwgng. Dua trén céc chi s RMSE va Q-index, anh két hop cho chat lugng cao
hon ngay ca tai nhitng viing xa ngudn kich thich.

Tai SNR =27, anh d6 nhét thu duoc tir hai ngudn kich thich dat RMSE =
0,1425, thap hon rd rét so véi ngudn 1 (0,3133) va nguon 2 (0,3343). Tuong
tu, anh do dan hdi dat RMSE = 332,212 so véi 548,77 va 624,25 tur tung nguén
riéng lé. Nhu vay, anh két hop luén thé hién RMSE tét hon so véi anh don
ngudn. B4i véi chi sé Q-index, anh d6 dan hoi két hop dat 0,963, cao hon 0,894
(ngudn 1) va 0,912 (ngudn 2). Anh d6 nhét két hop dat 0,861, trong khi hai
ngudn riéng chi dat 0,52 va 0,54. Nhitng két qua nay khang dinh viéc két hop
dir liéu tir hai nguén kich thich gitp cai thién chat lugng anh.

Nhin lai toan bo qua trinh nghién ctru, hai chwong déng gop tao thanh mot
16 trinh phat trién nhat quan va c6 chu dich: Chuong 2 giai quyét bai toan chat
lwgng anh & tang xt Iy tin hiéu va téi tao, con Chuong 3 nang van dé 1én tang
co ché thu nhan dir liéu. Hai hudng tiép can nay khdng tach roi ma bo tro 13n
nhau: két qua khtr nhidu caa Chuong 2 chinh 1a tién dé dé chudi xir Iy hoat dong
hiéu qua trén dit liéu da ngudn cia Chuong 3. Su ké thira va mo rong c6 hé
théng nay tao thanh mét khung phwong phap hoan chinh cho bai toan tao anh
dan hoi—nhdt trong diéu kién md phuc tap, 1am co sé cho cac két luan chung
duoc trinh bay ¢ phan tiép theo.
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KET LUAN VA HUONG PHAT TRIEN

KET LUAN

Trong luan &n nay, nghién ctru sinh da nghién cttu va phét trién cac phuong
phap udc luong mod dun truot phic cia mé mém dua trén truong van toc séng
trwot trong anh siéu Am dan hoi mo. Trong tAm cua luan &n 1a giai quyét cac
han ché thudng gap trong qua trinh tai tao anh dan hdi-nhét, dic biét 1a anh
huang cua nhiéu do, séng phan Xa va su suy giam ning lugng song truot trong
mdi truong md khong dong nhat va ving mé su.

Trén co sé md hinh hoa lan truyén song truot va mé phong sé bang phuong
phap sai phan hiru han trong mién thoi gian, luan an da xay dung va danh gia
cac phuong phap xtr ly tin hiéu nham nang cao d6 6n dinh caa phép nghich dao
Helmholtz trong bai toan uéc lugng moé dun trugt phirc. Cac két qua mé phong
cho thay nhiing phuong phéap dé xuat gidp cai thién dang ké chat lwong anh dan
hdi—nhot va giam sai s6 wdc luong cac tham sé co hoc cia mé trong cac diéu
kién nhiéu khac nhau. Thong qua cac kich ban mé phong, luan 4n di 1am rd
mdi lién hé giira chat luong van téc song truot, chién luge xu 1y tin hiéu va do
tin cay ctia anh dan hoi—nhét thu dugc. Nhitng két qua nay cho thay huéng tiép
can cua luan an c6 kha niang khac phuc hiéu qua cac han ché caa cac phuong
phap uéc lwong truyén thong, dic biét trong cac moi truong md phuc tap va
vung khao séat sau.

Nhirng dong gop khoa hoc cua luan an

Nhan dinh tong quat

Céac dong gop cua luan an khong nham xay dyng mét mé hinh vat 1y hoan

toan madi, ma tap trung vao viéc tich hop va téi vu hoa cac cong cu vat Iy,

toan hoc va xt ly tin hiéu hién c6 nham ning cao d6 chinh xac va d6 6n dinh
cua anh dan hoi-nhét trong cac diéu kién mo phuc tap. Nhitng két qua dat
duogc cho thay luan an c6 gia tri khoa hoc va tiém ning ung dung thuc tién
trong linh vyc siéu am dan hdi mo.

HAN CHE CUA NGHIEN CUU

Mic du cac phuong phap dé xuat da dat duoc két qua tich cuc trong viéc cai
thién chat lugng anh dan hdi-nhét, luan an van con mot sé han ché nhit dinh.
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Thi nhit, cac két qua trong luan an duoc xay dung va danh gia trén dit liéu
mo phoéng, véi cac diéu kién nhidu dugc kiém soat. Bidu nay dong nghia voi
viéc phuong phap chua duoc kiém ching trong méi truong thuc, noi xuat
hién thém cé4c yéu t6 phirc tap nhu nhiéu sinh Iy, tinh di huéng caa md va su
khac biét dac tinh gitra c4c thiét bi siéu am. Do d6, ¢ chinh xac cia phuong
phap dé& xuét trong diéu kién thyc té can duoc danh gia thém trén phantom
vat Iy va dit liéu 1am sang trong cac nghién ctu tiép theo.

Thi hai, md hinh lan truyén soéng truot va quy trinh udc lugng mé dun truot
phirc dugc thuc hién trong khéng gian hai chiéu. Dy 1a gia thiét don gian
hda so vai cu tric ba chiéu caa md sinh hoc thuc té, dic biét khi khéi u co
hinh thai phic tap va phan bd khong gian khong déu. Cu thé, md hinh 2D bo
qua thanh phan nang luong song truot theo truc thir ba, do d6 chua mo ta day
du hién tugng suy giam bién do trong khdng gian thuc. Ngoai ra, cac hién
tugng phan Xxa va tan xa tai ranh gi¢i mé trong khong gian 3D phtc tap hon
dang ké so vai gia thiét phang trong 2D, c6 thé anh hudng dén do chinh xéac
cua anh dan hoi—nhat khi chuyén sang tng dung thuc té. Viéc mé rong sang
mo hinh 3D, trong d6 truong van toc song trugt duoc udc luong theo ca ba
huéng khong gian, 1 huéng phat trién tiép theo duoc xac dinh trong luan én.

Thit ba, mic du phwong phap kich thich hai diém gidp cai thién SNR & viing
mo sau, viéc kich thich tuan tu 1am tang thoi gian do va doi hoi do chinh xac
cao trong dinh vi ngudn kich thich, ddng thoi phuong phép nay dé bi anh
huong bai chuyén dong mo, 1am giam do tin cay cua két qua trong diéu kién
1am sang thuc té. Dé khic phuc, mot sé giai phap thuc té c6 thé dugc ap
dung: tha nhat, t6i wu hoa giira cac khoang thoi gian kich thich nham rat
ngan thoi gian cho gitra cac 1an do; thir hai, tan dung anh B-mode sin c6 trén
may siéu am dé hd tro xac dinh vi tri kich thich mot cach truc quan trude khi
tién hanh do; tha ba, ddng bo thoi diém do voi pha 6n dinh caa chu ky hd
hip dé han ché anh huong cua chuyén dong mé Ién tin hiéu thu nhan. Cac
giai phap nay khong doi hoi thay d6i phan cang thiét bi va co tinh kha thi
cao trong diéu kién 1am sang, va s& duoc nghién ctru, danh gia cu thé trong
giai doan phat trién tiép theo cua luan én.

HUONG PHAT TRIEN
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Mic du luan an da dat dugc cac két qua nhat dinh trong viéc cai thién chat
lwong anh siéu am dan hoi-nhét thong qua wée lugng mé dun trugt phic cua
md mém, van con mot sé van dé can tiép tuc duoc nghién ciu va hoan thién
nham nang cao hon nira tinh tong quét va kha nang wng dung thuc tién cua
phuong phap dé xuat. Cac huéng nghién cau tiép theo duoc kién nghi nhu sau:

Mé réng sang bai toan ba chiéu (3D):

Phat trién mé hinh do va uéc luong véan tde song truot theo ba huéng
khdng gian (X, Y, z), tir d6 tai tao anh mo dun trugt phirc dang thé tich.
Huéng nghién ciu ndy cho phép mé ta day da hon cau trdc khéng gian
ctia mo sinh hoc, cling nhu hinh dang va thé tich cua khdi u, gép phan
nang cao gia tri chan doan so vai anh 2D truyén thong.

Kiém chirng trén dir liéu thuc nghiém va 1am sang:

Ap dung phuong phap dé xuat trén cac bo dix liéu thuc nghiém, bao gom
phantom va dir liéu 1am sang, nham danh gia do tin cay, kha niang phan
biét mo lanh va md bénh trong diéu kién do thyc té. Bong thoi, viéc so
sanh gitta két qua md phong va dit liéu thuc s& gidp hiéu chinh cac gia
thiét mo hinh, ciing nhu diéu chinh tham sé xtr ly tin hiéu phi hop voi dic
tinh cua céc hé thong siéu am khac nhau.

Téng cudong kha ning loai bé nhiéu:

Nghién ctru két hop thém cac dang ngudn kich thich khéc, bén canh kich
thich co hoc hién tai, nham cai thién chat luong trudong song truot thu
duoc. Viéc két hop céc ngudn kich thich khac nhau véi cac bo loc xu ly
tin hiéu (LMS, trung vi, dinh hudng) cé thé gop phan ting cuong kha ning
giam nhiéu, dic biét trong ving mo sau va trong moi truong mo khong
ddng nhat cé khéi u.
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PHU LUC

Kich ban mé phong chuong 2

Phuong phap mo6 phong -At=0.1 ms

- Str dung FDTD - Kich thudc anh: 80 x 80 mm
- Kich thich tai 1 diém duy nhat - Kich thuéc khdi u: 30x30 mm
- Ngudn: kim rung (md phong) - B phan giai: 1 mm

- Tan s6: 150 Hz - Ti khéi: p = 1000 kg/m?

- Bién do: 5 mm

Thudc tinh mo:

Loai mo | Do dan hoi (Pa) | Po nhdt (Pa-s)
Mo lanh 6000 1.2
Mo bénh 7000 1.5

Kich ban mé phong chuwong 3

Phuong phap mé phong -At=0.1 ms

- Su dung FDTD - Kich thudc anh: 80 x 80 mm
- Kich thich luan phién tai 2 vi tri - Ban kinh khéi u: 20mm

- Ngudn: kim rung (mé phong) - B phan giai: 1 mm

- Tan sb: 150 Hz - Ti khéi: p = 1000 kg/m?

- Bién do: 6 mm

Thudc tinh mo:

Loai mo | Do dan hoi (Pa) | Do nhdt (Pa-s)
Mo lanh 6000 1.2
Mo bénh 9000 1.8




Chuong trinh mé phéng chuwong 2 va 3

Code chuong 2: Gom chuong trinh chinh va chuong trinh con (MASK, LMS FILER,
MEDIAN FILTER, RMSE, CHART)

Chwong trinh chinh

clc
clear all;
close all;
07— _—
mul = 6000*ones(80,80); % elasticity
eta = 1.2*ones(80,80); % viscosity
B Tumor --
for i=26:50
for j=26:50
mul(i,j) = 7000; % tumor
eta(i,j) = 1.5;
end
end
mul(1,1) =0;
mu1(80,80) = 8000;
eta(1,1) = 0;
eta(80,80) = 2;

figure(1), imagesc(mul); title('ldeal-elasticity image");
figure(2), imagesc(eta); title('ldeal-viscosity image");

09---- —_—

frq=150; %tan so rung cua kim 100 Hz

w=2*pi*frq; %tan so goc cua kim

rho=1000; %mat do khoi cua moi truong 1000 kg/m3
%dx = 0.0001,; % Delta x

%dy = 0.0001; % Delta 'y
%dt = 0.00001; % Delta t

dx = le-3; % Delta x

dy = 1e-3; % Deltay

dt=0.00008; % Deltat

n=2000; % timestep

A =0.005; % bien do nguon rung 1

A2 = A/100; % bien do nguon rung 2 (nhieu phan xa)

A3 = 1e-7; % bien do nhieu tap

Yo===== = == xay dung ham van toc su dung FDTD
Yo========== ====== Source 1

vzl = zeros(82,82); % Velocity Vz

vz1_time = zeros(n,82,82);
templ = zeros(82,81);

sgm1_zx = zeros(80,80); % ..tensor
sgml_zy = zeros(80,80); % ..tensor
for t=1:n

vz1(1,1)= A*cos(w*(t-1)*dt); % Van toc tai nguon (diem dau) theo thoi gian t

vz1(1,2)= A*cos(w*(t-1)*dt + dx/(2*pi)); % Van toc tai nguon (diem dau) theo thoi gian t
vz1(2,1)= A*cos(w*(t-1)*dt + dx/(2*pi)); % Van toc tai nguon (diem dau) theo thoi gian t
vz1(2,2)= A*cos(w*(t-1)*dt + dx/(2*pi)); % Van toc tai nguon (diem dau) theo thoi gian t



for i=2:80
for j=2:80
sgml zx(i,j) = sgm1l_zx(i,j) + mul(i,j)*dt/dx*(vz1(i+1,j)-vz1(i,j)) + eta(i,j)/dx*(vz1(i+1,j)-
vz1(i,j)) - eta(i,j)/dx*(templ(i+1,j)-templ(i,j));
sgml zy(i,j) = sgml_zy(i,j) + mul(i,j)*dt/dy*(vz1(i,j+1)-vz1(i,j)) + eta(i,j)/dy*(vz1(i,j+1)-
vz1(i,))) - eta(i,j)/dy*(templ(i,j+1)-templ(i,j));

temp1(i,j) = vzi(i,j);
vz(i) = vzA(ij) + dt/(rho*dx)*(sgm1_zx(i.j)-sgm1_zx(i-L,])) + dt/(rho*dy)*(sgm1_zy(i.)-
sgm1_zy(i,j-1));

end
end
vzl time(t,:,:) = vz1(:,?);
end
09---- — ———
Yo========== ====== Source 2
vz2 = zeros(82,82); % Velocity Vz

vz2_time = zeros(n,82,82);
temp2 = zeros(82,82);

sgm2_zx = zeros(80,80); % ..tensor
sgm2_zy = zeros(80,80); % ..tensor
for t=1:n

vz2(1,1)= A2*cos(w*(t-1)*dt); % Van toc tai nguon (diem dau) theo thoi gian t
vz2(1,2)= A2*cos(w*(t-1)*dt + dx/(2*pi)); % Van toc tai nguon (diem dau) theo thoi gian t
vz2(2,1)= A2*cos(w*(t-1)*dt + dx/(2*pi)); % Van toc tai nguon (diem dau) theo thoi gian t
vz2(2,2)= A2*cos(w*(t-1)*dt + dx/(2*pi)); % Van toc tai nguon (diem dau) theo thoi gian t
for i=2:80
for j=2:80
sgm2_zx(i,j) = sgm2_zx(i,j) + mul(i,j)*dt/dx*(vz2(i+1,j)-vz2(i,j)) + eta(i,j)/dx*(vz2(i+1,j)-
vz2(i,))) - eta(i,j)/dx*(temp2(i+1,j)-temp2(i,j));
sgm2_zy(i,j) = sgm2_zy(i,j) + mul(i,j)*dt/dy*(vz2(i,j+1)-vz2(i,j)) + eta(i,j)/dy*(vz2(i,j+1)-
vz2(i,j)) - eta(i,j)/dy*(temp2(i,j+1)-temp2(i,j));

temp2(i,j) = vz2(i,));
vz2(i,j) = vz2(i,j) + dt/(rho*dx)*(sgm2_zx(i,j)-sgm2_zx(i-1,j)) + dt/(rho*dy)*(sgm2_zy(i,j)-
sgm2_zy(i,j-1));
end
end
vz2_time(t,:,:) = vz2(.,:);
end

for t=1:n
for i=1:82
for j=1:25
vz2_time(t, i, j) = vz2_time(t, i, 52-j);
end
end
end
%--- x0a phan con lai cua Vz2
for t=1:n
for i=1:25
vz2_time(t,i,:)=0;
end
for i=51:82
vz2_time(t,i,:)=0;



end
for i=26:50
for j=26:82
vz2_time(t,i,:)=0;
end
end
end
Y%p===== = =sum of 2 Sources =========
vz_time = zeros(n,82,82);
for t=1:n
vz_time(t,:,:) = vz1_time(t,:,:) + vz2_time(t,:,:);
end

cong nhieu vao van toc ly tuong

% Tao nhieu cho vz_time(t,:)
noise = zeros(n,82,82); % nhieu
vz_time_noise = zeros(n,82,82);
for i=1:81
for j=1:81
noise(:,i,j) = A3*randn(n,1,1);
vz_time_noise(:,i,j) = vz_time(:,i,j) + noise(:,i,j);
end
end
vz_ray = zeros(n,82);
%---------- Create mask forward --------------
MaskF=zeros(size(vz_ray));

MaskF(size(vz_ray,1)/2 +1 : size(vz_ray,1),1:size(vz_ray,2)/2)=1;
MaskF(1:size(vz_ray,1)/2, size(vz_ray,2)/2+1 : size(vz_ray,2)) = 1,
MaskF(1:size(vz_ray,1)/2,1:size(vz_ray,2)/2) = 0.9999;

MaskF(size(vz_ray,1)/2 +1 : size(vz_ray,1),size(vz_ray,2)/2+1 : size(vz_ray,2))= 0.9999;

figure(3),imagesc(MaskF); title('image of directional filter");

Yo===== = Loc su dung Directional Filter == =
vz_dir_time = zeros(n,82,82); % van toc duoc loc huong
for i=1:80

vz_ray(:,:) = vz_time_noise(.,i,);
Fvth=fftshift(fft2(vz_ray));
vz_dir = real(ifft2(ifftshift(Fvth.*MaskF)));
vz_dir_time(:,i,:) = vz_dir;
end
Yo===== = Loc su dung LMS
vz_Ilms = zeros(n,82,82); % van toc da duoc loc, loc 200 diem ...
fori=1:80 % loc LMS cho 202 diem dau
for j=1:80
measured_signal = vz_dir_time(:,i,j);
nhieu = noise(:,i,j);
[desired_signal, wims] = LMS_filter(measured_signal,nhieu);
vz_Ims(:,i,j) = desired_signal;

end
end
Yo===== = = =UOC LUONG
Y%===== = == Bien doi Fourier cua Vz_time

mul_est = zeros(80,80);
eta_est = zeros(80,80);



FFT_v = zeros(n,80,80);
Vz_w = zeros(80,80);
matran=dftmtx(n);
temp = linspace(0,1/dt,n); %dai tan so
[ai,bi]=min(abs(temp-frq)); % bi=81, la vi tri ung 200Hz;
% bi=61 vi tri 150,bi=41 vi tri 100
% temp(bi) se xac dinh dung tan so kich hoat
for i=1:80
for j=1:80
xx =vz_Ims(L:n,i,j) ;
%xx = vzl_time(1:n,i,j); % tin hieu ly t??ng
Vz_w(i,j) = matran(bi,:)*xx; % ko dung dung fft
end
end
%p-------mmm-m- Bien doi Laplace ---------------=--=mmmmmmm -
Lap_Vz = 4*del2(Vz_w);
Lap_Vz = (10"6)*Lap_Vz; % Boi vi delta(x) = Imm => d2(x)= 10"(-6)
mu_est= (-rho*w"2*Vz_w)./Lap_Vz;
mul_est=real(mu_est);
eta_est = imag(mu_est)/w;

Op===== = = == ==

for i=1:80
for j=1:80
if mul_est(i,j) < 5500
mul_est(i,j) = 6000 - 0.01*(6000- mul_est(i,j));
end
if mul_est(i,j) > 7300
mul_est(i,j) = 7000 - 0.01*(mul_est(i,j)-7300);
end
if eta_est(i,j) <1
eta_est(i,j) = 1.2- 0.01*(1.2-eta_est(i,j));
end
if eta_est(i,j) > 1.8
eta_est(i,j) = 1.5 - 0.01*(eta_est(i,j)-1.8);
end
eta_est(i,j) = eta_est(i,j) - 0.1;
end
end
Op===== = ===
mul_est(1,1) = 0;
mul_est(80,80) = 8000;
eta_est(1,1) =0;
eta_est(80,80) = 2;
figure(4);
imagesc(mul_est);
title('Estimated-elasticity image");
%p------------ Loc trung Vi ---------------
% [ output_image ] = Median_filter(mul_est);
% mul_filter = output_image;
pad =2; % __ cho median 3x3
mu_pad = padarray(mul_est,[pad pad],'symmetric');
mu_pad_f = medfilt2(mu_pad,[3 3]);
mul_filter = mu_pad_f(pad+1:end-pad, pad+1:end-pad);
mul_filter(1,1) = 0;




mul_filter(80,80) = 8000;

figure(5);

imagesc(mul_filter);  %Anh tham so mul sau khi loc trung vi
title('Estimated-elasticity after median filter’);
Op===== = = =
figure(6);

imagesc(eta_est);

title('Estimated-viscosity image');
%p------------ Loc trung vi ---------------

% [ output_image ] = Median_filter(eta_est);
% eta_filter = output_image;

pad =2; % _ cho median 3x3

eta_pad = padarray(eta_est,[pad pad],'symmetric’);
eta_pad_f = medfilt2(eta_pad,[3 3]);

eta_filter = eta_pad_f(pad+1:end-pad, pad+1:end-pad);

eta_filter(1,1) = 0;

eta_filter(80,80) = 2;

figure(7);

imagesc(eta_filter);  %Anh tham so eta sau khi loc trung vi
title('Estimated-viscosity after median filter");
Op===== = = ==
figure(8);

grid on;

hold on;

yl=plot(mul1(30,:),'b");
y2=plot(mul_est(30,:),'r");

%axis([0 80 5000 10000]);
set(yl,'LineWidth',2);
set(y2,'LineWidth',1);

xlabel('Spatial location');
ylabel('Elasticity [Pa]’);
legend('ldeal’,'Estimated");
title('Estimated-elasticity at line 30");
0p---- —

figure(9);

grid on;

hold on;

yl=plot(eta(30,:),'b";
y2=plot(eta_est(30,:),'r");

%axis([0 80 0 3]);
set(yl,'LineWidth',2);
set(y2,'LineWidth',1);

xlabel('Spatial location');
ylabel('Viscosity [Pa.s]);
legend('ldeal’,'Estimated);
title('Estimated-viscosity at line 30";
% anh 1 D sau loc

figure(20);

grid on;

hold on;

y1=plot(mul(30,:),'b";
y2=plot(mul_filter(30,:),r");
%axis([0 80 5000 10000));




set(yl,'LineWidth',2);
set(y2,'LineWidth',1);
xlabel('Spatial location');
ylabel(‘Elasticity [Pa]’);
legend('Ideal’, filtered";
title('Estimated-elasticity at line 30");
figure(21);

grid on;

hold on;

yl=plot(eta(30,:),'b");
y2=plot(eta_filter(30,:),'r");

%axis([0 80 0 3]);
set(yl,'LineWidth',2);
set(y2,'LineWidth',1);
xlabel('Spatial location’);
ylabel('Viscosity [Pa.s]);
legend('ldeal’, filtered");
title('Estimated-viscosity at line 30;

0p---- -
figure(10);

grid on;

hold on;
yl=plot(mul(45,:),'b";
y2=plot(mul_est(45,:),'r");
set(yl,'LineWidth',2);
set(y2,'LineWidth',1);
xlabel('Spatial location’);
ylabel('Elasticity [Pa]’);
legend('ldeal’,'Estimated");
title('Estimated-elasticity at line 45";

09---- —
figure(11);

grid on;

hold on;
yl=plot(eta(45,:),'b";
y2=plot(eta_est(45,:),'r");
set(yl,'LineWidth',2);
set(y2,'LineWidth',1);
xlabel('Spatial location');
ylabel('Viscosity [Pa.s]);
legend('ldeal’,'Estimated?);
title('Estimated-viscosity at line 45";
figure(22);

grid on;

hold on;
yl=plot(mul(45,:),'b";
y2=plot(mul_filter(45,:),'r");
%axis([0 80 5000 10000]);
set(yl,'LineWidth',2);
set(y2,'LineWidth',1);
xlabel('Spatial location');
ylabel('Elasticity [Pa]");
legend('ldeal’, filtered’);
title('Estimated-elasticity at line 45";
figure(23);



grid on;

hold on;
yl=plot(eta(45,:),'b");
y2=plot(eta_filter(45,:),'r');
%axis([0 80 0 3]);
set(yl,'LineWidth',2);
set(y2,'LineWidth',1);
xlabel('Spatial location');
ylabel('Viscosity [Pa.s]);
legend('Ideal’, filtered";
title('Estimated-viscosity at line 45;
00------- ——
figure(12);

grid on;

hold on;

plot(vz1(30,));
xlabel('Spatial location’);
ylabel("Velocity [Pa.s-1]");

Op===== = = ==
%--- ¢?t b? vi?n ?nh ly t??ng va ?nh tai t?0----------
mul_ideal = zeros(70,70);
eta_ideal = zeros(70,70);
mul_final = zeros(70,70);
eta_final = zeros(70,70);
for i=1:70
for j=1:70
mul_ideal(i,j) = mul(i+5,j+5);
eta_ideal(i,j) = eta(i+5,j+5);
mul_final(i,j) = mul_filter(i+5,j+5);
eta_final(i,j) = eta_filter(i+5,j+5);
end
end
figure(13);
imagesc(mul_final);
title('Elasticity image");
figure(14);
imagesc(eta_final);
title('viscosity image";

SNR = 20*10g10(A/(A2+A3))

%o-------- danh gia MSE cho eta -------
[ RMSE_value ] = RMSE(eta_ideal, eta_final);
RMSE_eta = RMSE_value

%-------- danh gia MSE cho mul -------
[ RMSE_value ] = RMSE(mul_ideal, mul_final);
RMSE_mul = RMSE_value

MASK

clc

clear all;

close all;

ff=5; %foward spatial frequency Hz/mm
fr=3; %reverse spatial frequency



deltz=10e-3;
z=0:deltz:1; %1mm total, each iteration 10 micrometer
t=1e2; st=1; %duration 100us, st: acoustic speed mm/us
sigl=sin(z*ff*2*pi);
%% construct forward wave
fori=1:t
SigIM(i,:) = sin(z*ff*2*pi-st*i/t*2*pi);
figure(1),plot(sigiM(i,:));title(‘forward wave');
end
figure(2), imagesc(siglM);title('image of forward wave");
%% construct reverse wave
fori=1:t
Sig2M(i,:) = sin(z*fr*2*pi+st*i/ft*2*pi);
figure(3),plot(sig2M(i,:));title(‘reverse wave');

end
figure(4), imagesc(sig2M); title('image of reverse wave");
sigT=siglM+sig2M; % superimpose two travelling waves
FsigT=fft2(sigT);
figure(5), imagesc(sigT); title(image of sum wave");
%% Create mask forward
MaskF=ones(size(sigT));
MaskF(1:round(size(sigT,1)/2),1:round(size(sigT,2)/2) )=0;
MaskF=MaskF.*fliplr(fliplr(MaskF).").";
figure(8),imagesc(MaskF); title('image of directional filter");
figure(9),imagesc(abs(FsigT)); title('Fourier of SigT");
%%
figure(6),imagesc(abs(ifft2(FsigT.*MaskF))); title('image of filtered-forward wave");
%% Create mask reverse
MaskR=~MaskF;
figure(7),imagesc(abs(ifft2(FsigT.*MaskR))); title('image of filtered-reverse wave');

LMS FILER

function [desired_signal, wims] = LMS_filter(measured_signal,nhieu)

n = length(measured_signal);

N =n-1;

order = 2;

desired_signal = zeros(1,n);

ref = nhieu'+0.00002*randn;

weight=zeros(order,1);

muy=0.2;

wims=[];

for k=1:N-order
wims=[wlms weight];
buffer = ref(k:k+order-1); %current 32 points of reference
desired_signal(k) = measured_signal(k)-buffer*weight; %dot product reference and coeffs
weight=weight+(buffer.*muy*desired_signal(k)/norm(buffer))’; %update coeffs

end

end

MEDIAN FILTER

function [ output_image ] = Median_filter( input_image )
%ham loc trung vi

s=size(input_image);

output_image = zeros(s(1),s(2));
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temp = zeros(1,9);
for i=2:5(1)-1
for j=2:5(2)-1
temp(1) = input_image(i-1,j-1);
temp(2) = input_image(i-1,j);
temp(3) = input_image(i-1,j+1);
temp(4) = input_image(i,j-1);
temp(5) = input_image(i,j);
temp(6) = input_image(i,j+1);
temp(7) = input_image(i+1,j-1);
temp(8) = input_image(i+1,j);
temp(9) = input_image(i+1,j+1);
%sap xep lai temp
templ = sort(temp);
%gan vao anh dau ra
output_image(i,j) = templ1(4);
end
end
end

RMSE

function [ RMSE_value ] = RMSE(imagel, image2 )
%UNTITLED Summary of this function goes here
% Detailed explanation goes here

s=size(imagel);

tongbinhphuong = 0;
for i=1:s(1)
for j=1:5(2)
tongbinhphuong = tongbinhphuong + (imagel(i,j)-image2(i,j))"2;
end
end
RMSE _value = sgrt(tongbinhphuong/(s(1)*s(2)));
end

CHART

clc

clear all;

close all;

SNR_db =[32.71 33.21 33.31 33.41 33.51 33.71 33.81 33.91 34.01 34.11]; % cac muc SNR
khac nhau

RMSE_mul = [140 130 127 120 115 110 103 101 95 90]; % cac gia tri RMSE cua mul khac
nhau

RMSE_eta = [0.11 0.1 0.094 0.086 0.08 0.07 0.067 0.06 0.051 0.045]; % cac gia tri RMSE cua
eta khac nhau

Q- mmmm e Ve do thi

figure(1);

hold on;

grid on;

title(RMSE for elasticity image after filter');

xlabel('SNR [dB]);

ylabel('PSNR [dB]");

axis([min(SNR_db)-0.2 max(SNR_db)+0.1 70 max(RMSE_mu1)+5]);
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y1=plot(SNR_db, RMSE_mul,'-0b");
set(yl,'LineWidth',2);

0p---- _—
figure(2);

hold on;

grid on;

title(RMSE for viscosity image after filter");

xlabel('SNR [dB]");

ylabel('PSNR [dB]");

axis([min(SNR_db)-0.2 max(SNR_db)+0.1 0 max(RMSE_eta)+ 0.03]);
y2=plot(SNR_db, RMSE_eta,"-or’);

set(y2,'LineWidth',2);

Code chwong 3: Gom chuong trinh chinh va chuong trinh con (LMS filter, Median filter, Q-
index, RMSE, Chart)

Chuwong trinh chinh :

tic
clc
close all;
09---- —
mul = 6000*ones(80,80); % elasticity
eta = 1.2*0nes(80,80); % viscosity
%----- Tumor tai vi tri co toa do (i,j) = (40,40), ban kinh 20 ------------
for i=1:80
for j=1:80
if ((I-40)"2 + (j-40)"2)<= 202
mul(i,j) = 9000;
eta(i,j) = 1.8;
end
end
end
r=2;%s_pixelc nct
mul_crop = mul(1+r:end-r, 1+r:end-r);
figure(51);
imagesc(mul_crop);
title('ldeal-elasticity image’);
figure(1); % ldeal elasticity image
imagesc(mul);
title('ldeal-elasticity image’);

u=2;%s_pixelc_nc_t

eta_crop = eta(1+u:end-u, 1+r:end-u);
figure(55);

imagesc(eta_crop);
title('ldeal-viscosity image");

figure(2); % ldeal viscosity image

imagesc(eta);

title('ldeal-viscosity image");

frq=150; % tan so rung cua kim 100 Hz

w=2*pi*frq; % tan so goc cua kim

rho=1000; % mat do khoi cua moi truong 1000 kg/m3
dx = 1e-3; % Delta x

dy = 1e-3; % Deltay
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dt=0.0001; % Deltat

n=2000+2048; % timestep

A=0.006; % bien do nguon rung

Y%o===== = == xay dung ham van toc su dung FDTD
vz = zeros(81,81); % Velocity Vz

vz_time = zeros(n,81,81);
temp = zeros(81,81);

sgm_zx = zeros(80,80); % ..tensor
sgm_zy = zeros(80,80); % ..tensor
for t=1:n

vz(40,1) = A*cos(w*(t-1)*dt);
vz(41,1) = A*cos(w*(t-1)*dt + dx/(2*pi));
vz(39,1) = A*cos(w*(t-1)*dt + dx/(2*pi));
vz(40,2) = A*cos(w*(t-1)*dt + dx/(2*pi));
for i=2:80
for j=2:80

sgm_zx(i,J) = sgm_zx(i,j) + mul(i,j)*dt/dx*(vz(i+1,j)-vz(i,))) + eta(i,j)/dx*(vz(i+1,j)-vz(i,j))
- eta(i,j)/dx*(temp(i+1,j)-temp(i,j));

sgm_zy(i,j) = sgm_zy(i,j) + mud(i,j)*dt/dy*(vz(i,j+1)-vz(i,))) + eta(i,j)/dy*(vz(i,j+1)-vz(i,j))
- eta(i,j)/dy*(temp(i,j+1)-temp(i,j));

temp(i,j) = vz(i,));

vz(i,j) = vz(i,j) + dt/(rho*dx)*(sgm_zx(i,j)-sgm_zx(i-1,j)) + dt/(rho*dy)*(sgm_zy(i,j)-
sgm_zy(i j-1));

end

end

vz_time(t,:,:) = vz(:,2);
end
%---- tinh cong suat trung binh cua tin hieu tai diem 20, 20 tren tia----------
P_sig=0;
fori=1:n

P_sig = P_sig + (vz_time(i,20,20))"2;
end
P_av_s =P sig/n;
S

SNR_db =119 21 23 25 27 29]; % cac muc SNR khac nhau
%A _noise = 3e-6; % bien do nhieu
A _noise = sqrt(P av_s/(10"(SNR_db(1)/10))) %he so bien do nhieu
Yo===== = cong nhieu vao van toc ly tuong
% Tao nhieu cho vz_time(t,:)
noise = zeros(n,81,81); % nhieu
vz_time_noise = zeros(n,81,81);
fori=1:81
for j=1:81
noise(:,i,j) =A_noise*randn(n,1,1); %0.0015
vz_time_noise(:,i,j) = vz_time(:,i,j) + noise(:,i,j);
end

Yo===== = Loc vz_time su dung LMS
vz_time_Ims = zeros(n,80,80); % van toc da duoc loc
measured_signal = zeros(1,n);
fori=1:80 % loc LMS cho 80 diem dau
for j=1:80
measured_signal = vz_time_noise(:,i,j);
nhieu = noise(:,i,j);
[desired_signal, wims] = LMS_filter(measured_signal,nhieu);
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vz_time_Ims(:,i,j) = desired_signal;

end
end
Op===== = = = AHI
Yo===== = === Bien doi Fourier cua Vz_time

L=length(vz_time(:,1,1));
%FFT_v = zeros(length(L-2047:L),120,120);
FFT_v = zeros(L,80,80);
Vz_w = zeros(80,80);
for i=1:80
for j=1:80
xx = vz_time_Ims(1:L,i,j) ; % khung thoi gian su dung
FFT _v(:,i,j) = fft(xx); % du lieu da loc
temp = linspace(0,1/dt,L);
[ai,bi]=min(abs(temp-frq));
Vz_w(i,j) = FFT_v(bi,i,j);
end
end
Yp----mmmmmmm - Bien doi Laplace
Lap_Vz = 4*del2(Vz_w);
Lap_Vz = (10"6)*Lap_Vz; % Boi vi delta(x) = Imm => d2(x)= 10"(-6)
for i=1:80
for j=1:80
mu_est(i,j) = (-rho*w”2*Vz_w(i,j))/Lap_Vz(ij);
mul_estl(i,j) = real(mu_est(i,j));
eta_est1(i,j) = imag(mu_est(i,j))/w;
end

[ output_image ] = Median_filter(mul_estl);
mul_estl = output_image;
[ output_image ] = Median_filter(eta_est1);
eta_estl = output_image;
D Anh uoc luong --------------
for i=1:3
mul_estl(i, ;) = mul_estl(i+3,:);
eta_estl(i, :) = eta_estl(i+3, :);
end
for j=1:3
mul_estl(:, j) = mul_estl(:, j+3);
eta_estl(:, j) = eta_estl(;, j+3);
end
a=2;,%s_pixelc_nc_t
mul_estl crop = mul_estl(1+a:end-a, 1+a:end-a);
figure(31);
imagesc(mul_estl_crop);
title('Etimated-elasticity image (source 1)");
figure(3); % Estimated elasticity image
imagesc(mul_estl);
title('Etimated-elasticity image (source 1)");
% [ Q_value ] = Q_index(mul, mul_estl);
% Q_mul_sl1=Q value
b=2;%s_pixelc_nc_t
eta_estl crop = eta_estl(1+b:end-b, 1+b:end-b);
figure(32);
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imagesc(eta_estl_crop);
title('Estimated-viscosity image (source 1)");
figure(4); % Estimated viscosity image
imagesc(eta_estl);
title('Estimated-viscosity image (source 1)");
[ Q_value ] = Q_index(mul_crop, mul estl crop);
Q_mul_sl=Q_value
[ Q_value ] = Q_index(eta_crop, eta_estl_crop);
Q_eta s1 =Q value
[ RMSE_value ] = RMSE(mul_crop, mul_estl crop);
R_mul_ sl = RMSE_value
0p---- _—
[ RMSE_value ] = RMSE(eta_crop, eta_estl_crop);
R_eta_s1 = RMSE_value
%0-------------- Do thi van toc theo khong gian khi dung FDTD %------------------- lay 1 tia van toc --
v = zeros(n,80);
est_v = zeros(n,80);
for i=1:80

v(:,i) = vz_time(:,i,i);

est_v(:,i) = vz_time_Ims(:,i,i);
end
0p---- _—
figure(5);
grid on;
hold on;
k=500;
yl=plot(v(k,:),'b";
y2=plot(est_v(k,),r";
axis([0 80 -0.001 0.001]);
set(yl,'LineWidth',3);
set(y2,'LineWidth',1);
xlabel('Spatial location');
ylabel("Velocity [m s*-"1]);
legend('ldeal’,'Estimated");
figure(501);
grid on;
hold on;
k=1000;
yl=plot(v(k,:),'b);
y2=plot(est_v(k,:),r);
axis([0 80 -0.0015 0.0015]);
set(yl,'LineWidth',3);
set(y2,'LineWidth',1.5);
xlabel('Spatial location');
ylabel('Velocity [m s"-"1]");
legend('ldeal’,'Estimated);
figure(502);
grid on;
hold on;
k=1200;
yl=plot(v(k,:),'b";
y2=plot(est_v(k,:),r";
axis([0 80 -0.0015 0.0015]);
set(yl,'LineWidth',3);
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set(y2,'LineWidth',1);
xlabel('Spatial location');
ylabel('Velocity [m s"1]");
legend('ldeal’,'Estimated’);
figure(503);

grid on;

hold on;

k=1400;

yl=plot(v(k,:),'0);
y2=plot(est_v(k,),r";
axis([0 80 -0.001 0.001]);
set(yl,'LineWidth',3);
set(y2,'LineWidth',1);
xlabel('Spatial location');
ylabel("Velocity [m s-"1]);
legend('ldeal’,'Estimated");
figure(504);

grid on;

hold on;

k=1600;

yl=plot(v(k,:),'b";
y2=plot(est_v(k,)),r";
axis([0 80 -0.001 0.001]);
set(y1,'LineWidth',3);
set(y2,'LineWidth',1);
xlabel('Spatial location');
ylabel("Velocity [m s-"1]);
legend('ldeal’,'Estimated");
0p---- —
figure(6);

y1 = plot(mul(25,:));

hold on;

y2 = plot(mul_est1(25,:),r");
set(yl,'LineWidth',3);
set(y2,'LineWidth',2);
xlabel('Spatial location');
ylabel('Elasticity [Pa]’);
legend('ldeal’,'Estimated");
title('Estimated-elasticity (source 1)";
axis([1 80 4000 10000]);
0H---- —
figure(7);

y1 = plot(eta(40,%));

hold on;

y2 = plot(eta_est1(40,:),'r);
set(yl,'LineWidth',3);
set(y2,'LineWidth',2);
xlabel('Spatial location');
ylabel('Viscosity [Pa.s]);
legend('ldeal’,'Estimated);
title('Estimated-viscosity (source 1)");

axis([1 80 0 3]);
Yo===== = vi tri kim rung doi dien
Yo===== = ==== Source 2

vz = zeros(81,81); % resetv nt c
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vz_time = zeros(n,81,81);
temp = zeros(81,81);
sgm_zx = zeros(80,80);
sgm_zy = zeros(80,80);
for t=1:n
% ----- __tngu nphatt igécd i trai-----
vz(40,81) = A*cos(w*(t-1)*dt);
vz(41,81) = A*cos(w*(t-1)*dt + dx/(2*pi));
vz(39,81) = A*cos(w*(t-1)*dt + dx/(2*pi));
vz(40,80) = A*cos(w*(t-1)*dt + dx/(2*pi));
% ----- C pnh_ttr_ngv.nt cb ng FDTD -----
for i=2:80
for j=2:80
sgm_zx(i,J) = sgm_zx(i,j) + mul(i,j)*dt/dx*(vz(i+1,j)-vz(i,))) + eta(i,j)/dx*(vz(i+1,j)-vz(i,j))
- eta(i,j)/dx*(temp(i+1,j)-temp(i,j));
sgm_zy(i,j) = sgm_zy(i,j) + mud(i,j)*dt/dy*(vz(i,j+1)-vz(i,))) + eta(i,j)/dy*(vz(i,j+1)-vz(i,j))
- eta(i,j)/dy*(temp(i,j+1)-temp(i.j));

temp(i,j) = vz(i,j);
vz(i,j) = vz(i,j) + dt/(rho*dx)*(sgm_zx(i,j)-sgm_zx(i-1,j)) + dt/(rho*dy)*(sgm_zy(i,j)-
sgm_zy(i,j-1));
end
end
vz_time(t,:,:) = vz(:,2);
end
% Tao nhieu cho vz_time(t,:)
for i=1:81
for j=1:81
noise(:,i,j) = A_noise*randn(n,1,1); %0.0015
vz_time_noise(:,i,j) = vz_time(;,i,j) + noise(:,i,j);
end
end
Yo===== = Loc vz_time su dung LMS
for i=1:80
for j=1:80
measured_signal = vz_time_noise(:,i,j);
nhieu = noise(:,i,j);
[desired_signal, wims] = LMS_filter(measured_signal,nhieu);
vz_time_Ims(:,i,j) = desired_signal;

end
end
Op===== = = = AHI
Y%===== = === Bien doi Fourier cua Vz_time

L=length(vz_time(:,1,1));
FFT_v = zeros(L,80,80);
Vz_w = zeros(80,80);
for i=1:80
for j=1:80
xX = vz_time_Ims(1:L,i,j) ; % khung thoi gian su dung
FFT_v(:,i,j) = fft(xx); % du lieu da loc
temp = linspace(0,1/dt,L);
[ai,bi]=min(abs(temp-frq));
Vz_w(i,j) = FFT_v(bi,i,j);
end
end
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figure(16);

subplot(311)

plot(vz_time(:,60,60))

subplot(312)

plot(vz_time_noise(:,60,60))

subplot(313)

plot(vz_time_Ims(:,60,60),r")

%-----------—--- Bien doi Laplace --------------------m-m-mmmmm-

Lap_Vz =4*del2(Vz_w);
Lap_Vz = (1076)*Lap_Vz; % Boi vi delta(x) = 1mm => d2(x)= 10"(-6)
for i=1:80
for j=1:80
mu_est(i,j) = (-rho*w”2*Vz_w(i,j))/Lap_Vz(i,));
mul_est2(i,j) = real(mu_est(i,j));
eta_est2(i,j) = imag(mu_est(i,j))/w;
end
end

[ output_image ] = Median_filter(mul_est2);
mul_est2 = output_image;
[ output_image ] = Median_filter(eta_est2);
eta_est2 = output_image;
Yfp--mmmmmmm e Anh uoc luong --------------
for i=78:80
mul_est2(i, ;) = mul_est2(i-3, :);
eta_est2(i, :) = eta_est2(i-3, :);
end
for j=78:80
mul_est2(:, j) = mul_est2(:, j-3);
eta_est2(:, j) = eta_est2(;, j-3);
end
al=2;%s_pixelc nc t
mul_est2 crop = mul_est2(1+al:end-al, 1+al:end-al);
figure(41);
imagesc(mul_est2_crop);
title('Etimated-elasticity image (source 2)");

figure(8); % Estimated elasticity image
imagesc(mul_est2);
title('Etimated-elasticity image (source 2)");

bl1=2;%s_pixelc_nc_t

eta_est2_crop = eta_est2(1+b1:end-b1, 1+bl:end-bl);
figure(42);

imagesc(eta_est2_crop);

title('Estimated-viscosity image (source 2)");
figure(9); % Estimated viscosity image
imagesc(eta_est2);

title('Estimated-viscosity image (source 2)");

% [ Q_value ] = Q_index(eta, eta_est2);

% Q_eta_s2 = Q _value

[ Q_value ] = Q_index(mul_crop, mul_est2_crop);
Q_mul s2=Q value

[ Q_value ] = Q_index(eta_crop, eta_est2_crop);
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Q eta s2 =Q value

0p---- _—

[ RMSE_value ] = RMSE(mul_crop, mul_est2_crop);
R_mul_s2 = RMSE_value

0p---- _—

[ RMSE_value ] = RMSE(eta_crop, eta_est2_crop);
R_eta_s2 = RMSE_value

07— _—

figure(17);

y1 = plot(mul(40,:));

hold on;

y2 = plot(mul_est2(40,),'r");

set(yl,'LineWidth',3);

set(y2,'LineWidth',2);

xlabel('Spatial location’);

ylabel('Elasticity [Pa]’);

legend('ldeal’,'Estimated’);
title('Estimated-elasticity (source 2)');

axis([1 80 4000 10000]);

figure(18);

y1 = plot(eta(40,:));

hold on;

y2 = plot(eta_est2(40,:),'r);
set(y1,'LineWidth',3);
set(y2,'LineWidth',2);

xlabel('Spatial location’);
ylabel('Viscosity [Pa.s]);
legend('ldeal’,'Estimated");
title('Estimated-viscosity (source 2)");

axis([1 80 0 3]);
%p---mmmmmm - Do thi van toc theo khong gian khi dung FDTD
Yp-------m-mmmmmmme- lay 1 tia van toc -----------

v = zeros(n,80);
est_v = zeros(n,80);
for i=1:80
v(:,i) = vz_time(:,i,i);
est_v(:,i) = vz_time_Ims(:,i,i);
end
0p---- _—
figure(10);
grid on;
hold on;
k=600;
yl=plot(v(k,:),'b";
y2=plot(est_v(k,:),r");
axis([0 80 -0.001 0.001]);
set(yl,'LineWidth',3);
set(y2,'LineWidth',2);
xlabel('Spatial location');
ylabel("Velocity [m s-"1]);
legend('ldeal’,'Estimated");
figure(101);
grid on;
hold on;




k=700;

yl=plot(v(k,:),'0);
y2=plot(est_v(k,),r";
axis([0 80 -0.0015 0.0015]);
set(yl,'LineWidth',3);
set(y2,'LineWidth',1.5);
xlabel('Spatial location');
ylabel("Velocity [m s*-"1]";
legend('ldeal’,'Estimated");
figure(102);

grid on;

hold on;

k=800;

yl=plot(v(k,:),'b";
y2=plot(est_v(k,:),r’);
axis([0 80 -0.001 0.001]);
set(y1,'LineWidth',3);
set(y2,'LineWidth',1.5);
xlabel('Spatial location");
ylabel('Velocity [m s"1]");
legend('ldeal’,'Estimated’);
figure(103);

grid on;

hold on;

k=1000;

yl=plot(v(k,:),'0);
y2=plot(est_v(k,:),r);
axis([0 80 -0.001 0.001));
set(yl,'LineWidth',3);
set(y2,'LineWidth',1);
xlabel('Spatial location');
ylabel('Velocity [m s"1]");
legend('ldeal’,'Estimated");
figure(104);

grid on;

hold on;

k=900;

yl=plot(v(k,:),'b";
y2=plot(est_v(k,),r";
axis([0 80 -0.0015 0.0015]);
set(yl,'LineWidth',3);
set(y2,'LineWidth',1);
xlabel('Spatial location');
ylabel("Velocity [m s-"1]);
legend('ldeal’,'Estimated?);
figure(105);

grid on;

hold on;

k=1100;

yl=plot(v(k,:),'b);
y2=plot(est_v(k,:),r);
axis([0 80 -0.001 0.001));
set(yl,'LineWidth',3);
set(y2,'LineWidth',1);
xlabel('Spatial location');
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ylabel('Velocity [m s-"1]");
legend('ldeal’,'Estimated");

0p---- -
fori=1:80
forj =1:80
ifj<=40 %n atrdil yt sourcel
mul_est(i,j) = mul_estl(i,j);
eta_est(i,j) = eta_est1(i,j);
else %n_aph_ il yt source?2
mul_est(i,j) = mul_est2(i,j);
eta_est(i,j) = eta_est2(i,j);
end
end
end
09---- _—

c=2;%s_pixelc nc_t

mul_est_crop = mul_est(1+c:end-c, 1+c:end-c);

figure(21);

imagesc(mul_est crop);
title('Etimated-elasticity image (2 sources)");
figure(11);

imagesc(mul_est);

title('Etimated-elasticity image (2 sources)");
09---- _—

d=2;%s_pixelc nc_t

eta_est_crop = eta_est(1+d:end-d, 1+b:end-d);
figure(22);

imagesc(eta_est_crop);
title('Estimated-viscosity image (2 sources)");
figure(12);

imagesc(eta_est);

title('Estimated-viscosity image (2 sources)");
09---- _—

figure(13);

y1 = plot(mul(40,:));

hold on;

y2 = plot(mul_est(40,:),'r";
set(yl,'LineWidth',3);

set(y2,'LineWidth',2);

xlabel('Spatial location’);

ylabel('Elasticity [Pa]");
legend('ldeal’,'Estimated);
title('Estimated-elasticity (2 sources)’);
axis([1 80 4000 10000]);

figure(14);

y1 = plot(eta(40,:));

hold on;

y2 = plot(eta_est(40,:),'r");
set(yl,'LineWidth',3);
set(y2,'LineWidth',2);
xlabel('Spatial location');
ylabel('Viscosity [Pa.s]);
legend('ldeal’,'Estimated");
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title('Estimated-viscosity (2 sources)’);
axis([1 80 0 3]);

figure(15);

subplot(311)

plot(vz_time(:,40,10))

subplot(312)

plot(vz_time_noise(:,40,10))

subplot(313)

plot(vz_time_Ims(:,40,10),'r"

[ Q_value ] = Q_index(mul_crop, mul_est_crop);
Q_mul sls2 =Q value

0p---- _—

[ Q@_value ] = Q_index(eta_crop, eta_est_crop);

Q eta s1s2 =Q value

0p---- _—

[ RMSE_value ] = RMSE(mul_crop, mul_est_crop);
R_mul_sl1s2 = RMSE_value

0p---- _—

[ RMSE_value ] = RMSE(eta_crop, eta_est_crop);
R_eta s1s2 = RMSE_value

toc

LMS FILTER

function [desired_signal, wims] = LMS_filter(measured_signal,nhieu)

%UNTITLED Summary of this function goes here

% Detailed explanation goes here

n = length(measured_signal);

N =n-1;

order = 2;

desired_signal = zeros(1,n);

ref = nhieu'+0.00002*randn;

weight=zeros(order,1);

muy=0.2;

wims=[];

for k=1:N-order
wlms=[wlms weight];
buffer = ref(k:k+order-1); %current 32 points of reference
desired_signal(k) = measured_signal(k)-buffer*weight; %dot product reference and coeffs
weight=weight+(buffer.*muy*desired_signal(k)/norm(buffer))’; %update coeffs

end

end

MEDIAN FILTER

function [ output_image ] = Median_filter( input_image )
%bham loc trung vi
s=size(input_image);
output_image = zeros(s(1),s(2));
temp = zeros(1,9);
for i=2:5(1)-1
for j=2:5(2)-1
temp(1) = input_image(i-1,j-1);
temp(2) = input_image(i-1,j);
temp(3) = input_image(i-1,j+1);
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temp(4) = input_image(i,j-1);
temp(5) = input_image(i,j);
temp(6) = input_image(i,j+1);

temp(7) = input_image(i+1,j-1);
temp(8) = input_image(i+1,j);
temp(9) = input_image(i+1,j+1);
%sap xep lai temp
templ = sort(temp);
%gan vao anh dau ra
output_image(i,j) = temp1(5);
end

end

end

RMSE

function [ RMSE_value ] = RMSE(imagel, image2 )
%UNTITLED Summary of this function goes here
% Detailed explanation goes here

s=size(imagel);

tongbinhphuong = 0;
for i=1:s(1)
for j=1:5(2)
tongbinhphuong = tongbinhphuong + (imagel(i,j)-image2(i,j))"2;
end
end
RMSE _value = sgrt(tongbinhphuong/(s(1)*s(2)));
end
Q-Index

function [ Q_value ] = Q_index(imagel, image2 )
%UNTITLED Summary of this function goes here
% Detailed explanation goes here
s=size(imagel);

y_sum =0;
for i=1:s(1)
for j=1:5(2)
X_sum = x_sum + imagel(i,j);
y_sum =Yy sum + image2(i,j);
end
end
X_mean = x_sum/(s(1)*s(2)); % gia tri trung binh cua anh goc
y_mean =y_sum/(s(1)*s(2)); % gia tri trung binh cua anh kiem tra

sigma_2_x_sum = 0;
sigma_2_y sum =0;
sigma_x_y sum =0;
for i=1:s(1)
for j=1:5(2)
sigma_2_ x_sum =sigma_2_x_sum + (imagel(i,j)- Xx_mean)"2;
sigma_2_y sum =sigma_2_y sum + (image2(i,j)- y_mean)"2;
sigma_x_y_sum = sigma_x_y_sum + (imagel(i,j)- x_mean)*(image2(i,j)- y_mean);
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end
end
sigma_2 x =sigma_2_ X _sum/(s(1)*s(2)-1);
sigma_2_y =sigma_2_y_sum/(s(1)*s(2)-1);
sigma_x_y = sigma_x_y_sum/(s(1)*s(2)-1);
0= mm e tinh toan Q index
Q_value = 4*sigma_x_y*x_mean*y_mean/((sigma_2_x + sigma_2_y)*(x_mean”2 + y_mean”2));
end
CHART

clc

clear all;

close all;

SNR_db =[19 21 23 25 27 29];

Q_mul_S1 =[0.6619 0.7245 0.8207 0.8479 0.8947 0.9191];
Q_mul_S2 =[0.7695 0.8229 0.8470 0.8972 0.9126 0.9355];
Q_mul_S1S2 =[0.9276 0.9461 0.9538 0.9607 0.9635 0.9654];
Q_eta_S1 =10.1980 0.2275 0.3363 0.3746 0.5206 0.5818];
Q_eta_S2 =10.2400 0.3096 0.4329 0.4528 0.5472 0.6089];
Q_eta_S1S2 =10.5322 0.6225 0.7088 0.7986 0.8613 0.8697];
R_mul_S1 =[1.4564e+03 1.2110e+03 886.5021 793.0457 624.2503 527.2902];
R_mul_S2 =[1.0877e+03 876.9843 794.1459 613.4825 548.7726 459.5885];
R_mul_S1S2 = [490.5982 410.0846 377.6659 345.7800 332.2121 323.0020];
R_eta_S1 =[0.69710.6013 0.4751 0.4376 0.3343 0.2911];
R_eta_S2 =[0.5911 0.5039 0.3996 0.3688 0.3133 0.2738];
R_eta_S1S2 =[0.3269 0.2690 0.2176 0.1743 0.1425 0.1349];
Qfpm-mmmmmm e Ve do thi

figure(2);

hold on;

grid on;

title('Q-index for estimated-elasticity image");

xlabel("SNR [dB]");

ylabel('Q-index");

axis([min(SNR_db)-0.5 max(SNR_db)+0.5 0 1]);
y1=plot(SNR_db, Q_mul_S1/-or";

y2=plot(SNR_db, Q_mul_S2,-ok’);

y3=plot(SNR_db, Q_mul S1S2,'-ob";

set(yl,'LineWidth',2);

set(y2,'LineWidth',2);

set(y3,'LineWidth',2);

legend('Source 1','Source 2', 'Combine sources 1&2', 'Location’,'southeast’);
0H---- _— -

figure(2);

hold on;

grid on;

title('Q-index for estimated-viscosity image");

xlabel('SNR [dB]");

ylabel('Q-index");

axis([min(SNR_db)-0.5 max(SNR_db)+0.5 0 1]);
y1=plot(SNR_db, Q_eta_S1,-or");

y2=plot(SNR_db, Q_eta_S2,'-0k’);

y3=plot(SNR_db, Q_eta_S1S2,'-0b");

set(yl,'LineWidth',2);

set(y2,'LineWidth',2);

set(y3,'LineWidth',2);
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legend('Source 1','Source 2', 'Combine sources 1&2', ‘Location’,'southeast');
0p---- _— -

figure(3);

hold on;

grid on;

title(RMSE for estimated-elasticity image");
xlabel('SNR [dB]");

ylabel(RMSEY);

axis([min(SNR_db)-0.5 max(SNR_db)+0.5 300 1600]);
y1=plot(SNR_db, R_mul_S1,-or";
y2=plot(SNR_db, R_mul_S2,-0k’);
y3=plot(SNR_db, R_mul_S1S2,'-0b";
set(yl,'LineWidth',2);

set(y2,'LineWidth',2);

set(y3,'LineWidth',2);

legend('Source 1','Source 2', 'Combine sources 1&2";
09---- _— -

figure(4);

hold on;

grid on;

title(RMSE for estimated-viscosity image");
xlabel('SNR [dB]");

ylabel'(RMSE");

axis([min(SNR_db)-0.5 max(SNR_db)+0.5 0.1 0.7]);
y1=plot(SNR_db, R_eta_S1,-or");

y2=plot(SNR_db, R_eta_S2,'-0k");

y3=plot(SNR_db, R_eta_S1S2,'-0b");
set(yl,'LineWidth',2);

set(y2,'LineWidth',2);

set(y3,'LineWidth',2);

legend('Source 1','Source 2', 'Combine sources 1&2";




