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Tém tdt — Ky thuat tao anh siéu am cét l6p dwa trén ly thuyét
tdn xa ngwoe da va dang dwgc wng dung rong rdi cho viéc phat
hién sé'm céc u la gdy ung thw vi & phu nit. Hai han ché cha yéu
cia ky thuat nay I1a khéi lwgng tinh toan l6n va thoi gian tao anh
kéo dai. Trong bai b4o nay, tac gia dé xuit phuong phap sir dung
ky thuat kich thich trai rgng phé dé cai tién phwong phap DBIM
(Distorted Born iterative method) truyén théng gitp cho anh tao
dwgc c6 chét lwgng tét hon phwong phép ban diu, cing véi 16i
chuin héa giam thiéu dang ké khi so vong lip ting dan. Trong
phwong phap dé xuit, hAm ma tran séng t6i dwgc tién didu ché
bi tin hiéu chirp, nho do phd tin hl(;u dwgc trai rong va viéc thu
thap, khdi phuc anh dwgc dé dang hon. Véi nhitng két qua thu
dwegc qua nhirng thuc nghiém mo phéng da chirng minh phwong
phap dé xuét cho két qua tét, chat lwgng anh dwoc cai thién dang
ké khi sir dung ky thut trai réng phé.

Tur khoa- Phwong phap I3p vi phan Born — DBIM; siéu am cit
I6p; Ki thuat tréi rong pho; ki thuat tdn xa ngugc.

1. GIOI THIEU

Trong y hoc hi¢n nay, k¥ thuat tao anh siéu am da tro thanh
cong cu dugc st dung rong réi trong nganh y té do kha ning
chan doan va diéu tri cling nhu nhiéu loi ich cta nd nhu chi ph1
thap, khong xam lan, klem tra khdng gay dau don, di dong va
chan doan nhanh. Mot s6 ung dung trong diéu tri bang siéu am
dang dugc su dung trong cac bénh vién nhu: choc hut té bao
hay cac nang, dan luu dich trong mang pho| siéu am dan
huorng dat dién cuc tao séng cao tan qua da dé diéu tri u gan,
siéu &m hudng dan tha thuat xa tri tai chd ung thu tién ligt
tuyén ... Tuy nhién, trudc khi mudn diéu tri thi bénh nhan can
duoc phat hién bénh chinh xéc tir nhitng giai doan dau.

Siéu am hinh anh st dung séng am trong dai tan trong
khodng tir 20 kHz dén 1 GHz thuong dugc sir dung vi su phat
trién cua ky thuat sonar vao nam 1910. Dya trén nguyén tic
sonar, mot trong nhing ky thuat cé thé dugc st dung rong rai
la tao anh B-mode. Hinh anh B-mode biéu di&n su thay doi vé
ham tro khéang am. Do sy thay ddi ndy cho phép phan biét giita
cdc moi trueong khac nhau trong vung guan tam. Tuy nhién, ky
thuét tao anh nay sur dung théng tin phan hoi cia séng am nén
khong xac dinh dugc cac ddi tuong co kich thudc rat nho. Mot
hién tugng quan trong khac trong tao anh siéu am d6 1a hién
tuong tan xa cua tia siéu am khi gap cac cau trdc nho, c6 kich

thudc nho so voi budc song toi hodc voi cac bé mit khéng
dong déu. Khi d6 tia siéu am sé& bi tan xa di khap cac hudng va
chi c6 mot phén rat nho chic chan di dén dau do. Mic du viéc
ghi nhan céc tia tdn xa la kho khan song chung ta bict rang
chung c6 mot loi thé 46 1a khong phu thugc vao goc téi cua tia
siéu am, va rat quan trong trong viéc danh gia cau trac nho,
nhu d6 dong deu cua nhu mo gan, tuy [2]... Céc may siéu am
hién nay chu yéu lam viéc dya trén tia tan xa, , Chup siéu am cét
I6p dya trén k§ thuat tan xa nguoc cung Cap thong tin dinh
luong vé cac doi tugng d6. That vay, khi song am gdp phai mot
moéi trudng khong dong déu, mot sb ndng luong sau do s& bi
tan xa theo tt ca huong xung quanh dbi tugng. Cac dir ligu tan
xa & duoc thu lai boi cac dau thu duoc sip xép xung quanh ddi
tuong do. Do dd, ta thu duoc mot tap phép do cla truong tan
Xa. Van dé tan xa nguoc bao gom udce III()’ng su phan b6 cac
tham s6 &m (vi du nhu sy thay ddi tbc do am, sy suy giam va
mat do) de tai tao lai ham myc tiéu quan tam trong moi trlIO’ng
khong ddng déu. Ky thuat nay cho phép mé ta chi tlet hon vé
dbi tugng dugc chup anh. Thay vi sir dung tham s6 tro khang
am ¢ hinh danh B-mode, n6 sir dung mot trong cac tham so dac
tinh cua am. Vi vay, siéu &m cét lop hién thi thong tin dinh
luong cua ddi tugng duoc kiém tra. Mac du chup siéu am cét
I6p ¢6 nhiéu uu dlem nhung k¥ thuat nay chua dugc ap dung
rong rdi trong thyc té. Hién tai, ung dung chinh cua ky thuat
nay chi danh cho tao anh va & phy nit dé phat hién cac té bao
gdy ung thu. Dau tién, phwong phép tan xa ngugc gap phai van
dé vé hoi tu khi téi tao lai dbi twong Véi “dod tuong phan” 16n.
Thir hai, dir Ileu tan xa phdi thu thap ¢ rat nhleu goc khac nhau
tir 0° dén 360° dé thu duogc chit lugng chup tét. Mot han ché
cua ky thuat tan xa nguoc Ia thiéu phuong phap tinh toan hi¢u
qua va manh me. Trong khi ky thuat tan xa c6 do phuc tap tinh
todn cao va d6 ciing la Iy do chinh ma chi c6 mot so it cac thiét
bi chup cét l6p thuorng mai. Vi thé, cac k¥ thuat tan xa nguoc
tién tien tap trung vao viéc giam phuc tap tinh toan va khong
ngung nang cao chit luong hinh anh. Hau hét cac nghién ctu
lam viéc trén siéu am chup cét Iop duoc dua trén lap Born.
Phuong phip 1dp Born (BIM) va phuong phap 1ap vi phan
Born (DBIM) dugc biét dén véi chup cit I6p tan xa. DBIM la
mot phuong phap dinh lugng trong tai tao hinh anh cua cac dol
tuong rat nho [1][7]. Trong phucng phép nay, moi truong nén
dugc xem la khéng ddng nhét va dugc cap_nhat sau moi 1an
I3p. Vi vay, ham Green duoc cip nhat sau moi vong lap. Trong
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bai bao nay, tac gia de XUét _phuong phép str dung k¥ thuat kich
thich trai rong pho dé cai tién phuong phap DBIM truyen thdng
(CE-DBIM) gilip cho anh tao dugc c6 chét luong t6t hon
phuong phap ban dau, cung véi 15i chuan hoa giam thleu dang
ké khi s6 Vong lap ting dan Trong phuong phép dé xuat, ham
ma tran song téi duoc tién diéu ché bai tin hiéu chirp, nho do
phd tin hiéu duoc trai rong va viéc thu thap, khoi phuc anh
duoc dé dang hon.

1. MO HINH HE THONG

So d6 cdu hinh thu phat cua hé chup siéu am cit 16p cua
phuong phap 1ap vi phan Born dugc b6 tri nhu hinh 1.

270° .

90°

Hinh 1. Cau hinh h¢ do*
Bang 1. Két qua 15i chuan héa st dung phuong phap DBIM va
phuong phap CE-DBIM qua 5 vong lap

Déi tuong can khao sat chinh 13 vat thé hinh tru tron c6 kich
thuéc rat nho (méi truong B;) nam trong médi trudng B,
(twong tng nhu khdi u ¢ trong méi trudng). Muc tiéu cua
ching ta la dung dugc anh cua vat thé try tron, d6 chinh la
vung quan tdm ROI (Region Of Interest). Vung dién tich quan
tam nay dugc chia thanh NxN 6 vudng (mdi 6 vudng goi la
mot pixel) c6 kich thude 1a h. S6 luong may phat 1a Np va may
thu 1a N Theo Ii thuyét vé séng 4m, ham muc tiéu F(r) (vat
thé hinh try tron) dugc tinh boi cong thire:

,(1 1 Sulrl < R
w? |5 ——= | néulr| <
F(r) = vi v

0 néu |r| >R

1)

V6i vy va Vg 1a toe do truyén song trong mdi trudng By va toe
do6 truyén trong moi truong B,, f 1a tan s6 song siéu am, o la
tan so goc (w = 2mf), R 1a ban kinh cta do6i tuong.

*Liu, Chang, et al. "The Application of an Ultrasound Tomography Algorithm
in a Novel Ring 3D Ultrasound Imaging System." Sensors (Basel,
Switzerland) 18.5 (2018).

Gia sir rang c6 mot khong gian vo han chira méi truong dong
nhét chang han la nu6c 6 s6 song 1a mg. Phuong trinh truyén
song cua h¢ thong co thé dugc cho baoi phuong trinh:

(V2 + m3(0)p() = —F®)p(r) @)

Trong d6, p(r) 1a ap suat &m tong. Viét lai dudi dang tich phan
ta co:

p() =p™"e(r) +p* () ®)

p() = pe (@) + [ FEp ()G ([F-r])ar’ (@)

Trong d6, p¢(r) 1a &p suét tan xa, p(r) la &p suat séng téi
va G(.) la ham Green.

Str dung phuong phap moment (MoM), 4p suit 4m trong ving
ROI duoc tinh la:

(I_— Y. Z(F))pinc (5)
Va 4p sudt tan xa dugc tinh boi:
p* =X.Z(F).p (6)

Hai bién chua biét 1a p va F trong cong thirc (5) va (6), trong
truong hop nay ap dung phuong phap xap xi Born loai 1 [4][5]
va theo (5), (6) ta co:
Ap® = X.2(p). AF = M. AF 0

V6i M = X.Z(p). O d6 B 1a ma tran tng vai hé s6 G(r,r’) tir
cac pixel toi méy thu, ¥ 1a ma tran ang véi hé so Go(r,r") gitia
cac pixel, I 1a ma tran don vi, va Z(.) la todn tu chéo hoa.

Véi mdi bo phat va bo thu, chung ta c6 mot ma tran M va mot
gia tri vO hudng Ap . Thay rang vector chua biét F ¢6 N x N

gia tri bang voi s pixel cia RIO. Ham muyc tiéu ¢6 thé duoc
tinh bang phwong phép lap:

Fn — F(n—l) + Aﬁ(n—l) (8)

Véi F* va F™=1 1a gi4 tri cia ham muc tiéu & bude hién tai
va budc trude do. AF co thé dugce tim bang Quy tac Tikhonov

[61[7]:
AF = arg minAFHApSC -MtAF” + YIIAF|[3 ©)

Trong d6 Ap®¢ 1a vector (N, N, X 1) chira gi tri sai khac gitta
két qua do va két qua tién doan tin hiéu siéu am tan xa; M, 1a
ma tran (NN, X N?) dugc tao boi N,N; phép do.

Ky thuat trai rong pho da duoc ung dung ap dung thanh cong
trong tao anh cong huong tr, nhu & trong cong trinh [1], ta
thay rang 1i chuan hda giam thiéu dang ké khi ti s6 nén ting
dan, dac biét khi ti s6 nén cang lon thi 16i chuan hoa cang
giam (ti s6 nén 1a thwong sb gitra s6 phép do vai sé bién).
Diéu d6 cho thiy chat lugng anh duoc cai thién déang ké khi sir
dung k§ thuat trai rong pho. Dlem mAau chét cta phuong phép
nay trong k§ thuat siéu am cit l6p la ma tran ham séng téi p™
duoc tién diéu ché béi tin hiéu chirp tuyén tinh

P(x,y) = exp[in(wxx2 + wyyz)] (10)

trong d6 WX,Wy

phuong phap nay 1a 1am cho phé cua ddi tugng quan tam dugc

la téc @6 cua tin hiéu chirp. Uu diém cua



trai rong hon, nhd d6 ta dé dang trong qua trinh thu thap va
khdi phuc anh.

1. KET QUA
Tham s6 md phong: Tan s f = 0.5 MHz, Do tuong phan am
10%, Nhiéu 0,1%, Khoang cach may phat va may thu dén tam
dbi tuong 60mm, Sb vong lap = 5, Puong kinh dbi tugng 10
mm, S6 diém chia luéi N = 20, S6 may phat N, = 20, S6 may
thu N, = 20.
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Hinh 2. Cdu hinh do hé thang tao dnh

Hinh 2 thé hi¢n ciu hinh do h¢ théng tao anh mé phong, 20
méy phat, 20 may thu dugc bo tri déu trén mot vong tron xung
quanh do6i tugng.

Ideal object function

Percent of the sound contrast

Hinh 3. Ham muc tiéu Iy tuong

Hinh 3 1a ham muyc tiéu 1i twdng tirc 1a u la trong méi trudng
dong nhat can duoc khoi phuc.

S6 | Anhkhoi phuc sirdung |  Anh khdi phuc st
vong phuong phap DBIM | dung phuong phap dé
lap xuat (CE-DBIM)

Hinh 4. Anh khéi phuc siz dung phirong phdp DBIM va
phuong phap CE-DBIM qua 5 vong lap

Hinh 4 Ia két qua khoi phuc anh sir dung phuong phap DBIM
va phuong phap CE-DBIM tir vong lap 1 dén vong lap 5. Ta
thdy anh khoi phuc duoc cai thién qua tirng vong lap. Téc do
hoi tu anh & vong lap sau tét hon & vong lap trudc, qua cac
vong lap 3, 4, 5 ta cang thay rd sy trong dong gitra anh khoi
phuc va anh 1i twong. RS rang la khi s vong lap tang thi chat
luong anh cang dwoc cai thién va & ngay vong lap tha nhat
hinh anh ctia phuong phap CE-DBIM d3 cho hinh anh khoi
phuc tét hon phuong phap DBIM. Tuy nhién, do phic tap cia
hé théng d6i véi CE-DBIM lai ting so véi DBIM truyén
thong. Vi vay, nguoi ta di tim sy thoa hiép giita sb vong lap
can thiét dé cho anh khoi phuc c6 chat lugng phu hop.



Bang 1. Két qua 18i chuan hoa sir dung phuong phap DBIM va
phuong phap CE-DBIM qua 5 vong lap

L&i chuan hoa
phuong phap
DBIM

0.5302 0.2317 0.1993 0.1908 0.1892

L6i chuan hoa
phuong phap
CE-DBIM

0.3766 0.2218 0.1784 0.1659 0.1607
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Hinh 5. So sanh 16i chudn héa giita phiong phap DBIM va
CE-DBIM

Hinh 5 cho thay rang khi s6 vong lap tang dan, 18i chuan hoé
giam dang ké. Piéu do thé hién chat luong anh khoéi phuc cang
dan duogc cai thién. Két qua cho thay véi cing sé may phat, sé
méy thu va cuing sé vong lip, phuong phap CE-DBIM tét hon
S0 Vi phuong phap DBIM thong thuong, vai cing s6 vong
Iap, 15i chudn hoa cuia phuong phap dé xuét giam 75% so Vi
phwong phép truyén thong.

Iv. KET LUAN

Trong bai b&o nay, chlng tdi da thanh cong trong viéc nang
cao chét luong khdi phuc anh siéu am bang cach sir dung ky
thuat trai rong phd. Str dung phuong phap nay lam phd cua tin
hiéu ma tran song téi duoc trai rong nén ta dé dang thu thap
va khdi phuc anh. Bong thoi khi sir dung phuong phap CE —
DBIM, sau 5 vong lap 16i chuan hoa giam 75% so véi phuong
phap DBIM thong thuong. Két qua cho thay cing sé may
phét, s6 méay thu va cang sé vong lp, phuong phiap CE —
DBIM t6t hon so v&i phuwong phap DBIM thong thuong.
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