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TOM TAT

Chup anh siéu am hién nay dwoc (rng dung réng rai cho cac trng dung trong y t&.Tuy nhién, phwong phap
hién tai trong cac may siéu am |a s dung céc tin hiéu phan hdi c6 nhuoc diém & khé co thé tai tao dwoc cac cAu
trac c6 kich thuwéc nhé hon buwéc séng. Chup anh siéu am cét Iép st dung ki thuat tan xa nguwoc thi lai c6 thé thuc
hién dwoc didu nay.Nguwoi ta co thé nhan biét cac khéi u la vi khi tin hiéu siéu am truyén qua né thi téc d6 truyén sé
thay dbi. Hai phwong phap 1ap Born (BIM) va lap vi phan Born (DBIM) dugc wa chudng béi chiing cho phép xay dung
méi lién hé tuyén tinh gitra tin hiéu siéu am do dwoc véi sy khac biét tbc do siéu am khi truyén qua khéi u. Trong bai
b&o nay, ching t6i d& xuat giai phap cai tién DBIM bang cach st dung ki thuat ndi suy dé vira c6 thé dam bao hoi tu
nhanh lai vira gidm thiéu khéi lwong tinh toan nhdm nang cao chét lwong tao anh siéu am cat 16p.

T khoa: chup &nh siéu am; B-mode; chup &nh siéu am cét I&p; phwong phap I&p vi phan Born; néi suy.

ABSTRACT

Nowadays, ultrasound imaging is widely used for medical applications. However, the current method in the
ultrasound scanner is based on a pulse echo method. This method is difficult to reconstruct the structures which are
smaller than the incident wavelength. Ultrasound tomography using the inverse scattering technique could accomplish
this matter. We can identify strange tumors because when the ultrasonic signal passes through the object, the transfer
speed will change. Born iterative method (BIM) and Distorted Born iterative method (DBIM) are preferred because
they could build a linear relationship between the measured ultrasonic signals with the ultrasonic speed difference.
This paper proposes an improved solution to DBIM using interpolation technique to ensure both rapid convergence
and minimum calculation in order to improve the quality of ultrasound tomography.

Key words: ultrasound imaging; B-mode; ultrasound Tomography; interpolation; distorted Born Imaging Method.

1. Pit van dé hai phuong phap duoc cho la tét nhat hién nay cho
Tao anh si€u am la m{t cong cu an toan, tao nh tin xa. Tuy nhién .ph.ugng p’hap’ hay van €o
do phtrc tap cao vi n6 phai gidi quyét so lan lap lon

khoéng xam lan va khong bi i6n hoa dé chan doan i o RS : N
va st dung bai toan ngugc. Co nhi€u cong trinh da

1am sang. Phuong phap siéu am cit 16p cho phép tao o e T e .
nghién ctru phuong phap lam giam do phuc tap va

cai thién chat luong anh khoi phuc nhu s dung
phuong phap LSP (l:- regularized least squares
problem) thay cho phuong phap Tikhonov trong van
dé giai bai toan nguoc[l]... Trong bai bio naiy,
chiing t6i dé& xuét giai phap cai tién nhim nang cao
chit lwong tao anh siéu 4m cit 16p bang cach st
dung ki thuét ndi suy. C6 nhiéu phuong phap ndi suy
nhu Bilinear, Bicubic, Spline, Nearest neighbor...
Phuong phép ndi suy gan nhit (Nearest neighbor)

anh c6 loi thé hon nhiéu so v6i phuong phap x-ray,
MRL,... Hoat dong ctia n6 dua trén sy tan xa nguoc
va c6 kha ning giai quyét nhiing ciu tric nho hon
budc song cua song toi, nd trai ngugc voi phuong
phép tao anh truyén thong sir dung phuong phap
phan hdi (echo method). Mot sé tinh chat vat liéu
nhu d6 tuong phan 4m thanh dugc tmg dung dé tim
ra cac dbi tuong co kich thude nhé. Phuong phap 13p
Born (Born Iterative Method — BIM) va lap vi phan
Born (Distorted Born Iterative Method — DBIM) la
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dugc ching t6i lua chon vi phuong phap nay don
gian, nhanh va tiét kiém thoi gian tinh toan [2].

2. Giai quyét van dé

A
* , |
/
/
I
|‘ i
\
& F Vung chia ludi 4
O, Bophit /'
N . P ¢

\l—."

Hinh 1. Cdu hinh h¢ do

Dbi twong can khao sat chinh 1a vat thé hinh
tru tron co kich thudc rat nho (méi trudng B1) nam
trong mdi trudng B, (twong mg nhu khdi u &
trong moi trudng nao do). Muc tiéu cua chung ta la
dung dugc anh cua vat thé tru tron, d6 chinh la
vung quan tdm ROI (Region Of Interest). Vung
dién tich quan tdm nay duogc chia thanh NxN 6
vuoéng (mdi 6 vudng goi la mot pixel) co kich
thude 1a h. S6 lugng may phat 1a Ni va may thu la
N:. Theo Ii thuyét vé song am, ham muc tiéu O(r)
(vat thé hinh try tron) duoc tinh bai cong thirc:

w2 L. L1 |¥|SR
r C2 C2
O(r)= 1 ™0 (1)
0 if |f|>R

V6i €1 va Co la toe do truyén song trong moi
truong Bi va toc do truyén trong méi truong By, f
la tan s6 song siéu am, o la tan sb goc (w = 2mf),
R la bdn kinh cia doi tirong.

Gia sir rang c6 mot khong gian vo han chira
moéi trudng ddng nhit ching han I1a nudc cd sb
song la ko. Phuong trinh truyén song cia hé thong
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2.1. Phwong phap ldp vi phin Born - DBIM

So d6 cau hinh thu phat caa hé chup siéu am
cit 16p cua phwong phap 1ap vi phan Born duoc bd
tri nhu Hinh 1.

¢6 thé dugc cho boi phuong trinh:

(v +13))p@) = —0wp() (@)

Trong do, p(r) 1a ap suat &m tong. Viét lai

dudi dang tich phén ta co:
p(r) = p™e(r) + p*°(r) 3)
p(r) = pe(r) + J] OG)p(r)Go ([F-r']) ar
(4)

Trong d6, p*¢(r) 1a 4p suét tan xa, p™™¢(r)
12 4p suat song téi va G(.) 1a ham Green.

St dung phuong phap moment (MoM), ap
Suit am trong ving ROI duoc tinh la:

p = (I_— E.D(é))pinf 5)
Va 4p suat tan xa duoc tinh boi:
p*¢ = B.D(0).p (6)

Hai bién chua biét 1a p va O trong cong
thac (5) va (6), trong truong hop nay ap dung
phuong phap xap xi Born loai 1 [3] va theo (5), (6)
ta co:

ApS¢ = B.D(p).A0 = M.AO @)

V6i M = B.D(p)

O d6 B 1a ma tran g véi hé sb Go(r,r") tir
cac pixel toi may thu, C 13 ma tran Gng v6i hé sb
Go(r,r’) gilta cac pixel, I 1a ma tran don vi, va
D(.) 1a toan tir chéo hoa.

Vi mdi bo phat va bo thu, ching ta co mot
ma tran M va mot gia tri vo huéng ApS¢. Thay
rang vector chua biét O c6 N X N gi4 tri bang véi
s6 pixel cia RIO. Ham muc tiéu co thé duoc tinh
bang phuong phap lap:

0" = 0™V + A0 D (8)

Vé6i 0" va 0D 13 gia tri cia ham muc
tiéu & budc hign tai va bude trude d6. AO co thé
dugc tim bang Quy tic Tikhonov [4]:
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AOD = argnAl%n||Astct-WtA5||z + v||AO|3

©)

Trong d6 Ap®¢ la vector (NN, X 1) chira
gid tri sai khdc giiza két qua do va két qua tién
dodn tin hiéu siéu am tan xg; M, la ma trdn
(NN, X N?2) duoc tao bsi NN, phép do.

2.2. Ngi dung nghién ciru

Qui trinh thuc hién cia phwong phdp dé
xuat (Proposed DBIM) gom 4 buoc:

Buwée 1: Tim s6 1an 13p téi vu x trude khi nd
suy, budc nay xac dinh sb 1an lap véi ma tran co
kich thude N1xNj 1a bao nhiéu trong tong s6 budc
lap Niter dé thu dugc anh c6 chat lwong tét nhat.

Buéc 2: Ap dung khdi phyc cho vang chia
ludi co kich thude NixN; véi x 1an Iap, ta c6 thé
dé dang c6 duoc su hoi tu caa dbi tugng.

Buée 3: Ap dung Ki thuat noi suy cho ham
muc tiéu kich thu6c NixN; thu duoc & buéce 2, sau
khi ndi suy ta thu dugc ma tran coé kich thudc
N2xN2 ( N2= 2Ny).

Buwdéc 4: Cudi cung st dung két qua sau khi
noi suy dua tro lai DBIM va lap (Niter - x) lan dé
tiép tuc qua trinh khdi phuc.

Thudt todn 1: Tim gia tri X téi wu cho két
qua khdi phuc tét nhat.

1. For x =1 dén 3, do

2. Proposed DBIM.

3. Tinh Err theo cong thirc (10)

4. V& db thi Err ung véi timg gia tri caa x

5. end for

Thugt toan 2: Phuong phap lap vi phdn
Born dé xuat (Proposed DBIM).

1. Khai tao 03, va p° = pie

2. Tinh toan hai ma trdn B va C

3. Lap cho dén khi (n < Nyg51)

{
4. Tinh py; st dung 5,5,? str dung (5)

5. Tinh REEy, tmg v6i 042 sit dung (11)

6. Cap nhat 5,5,7;“) bang cach giai (7).
7.n=n+1;
}

8. Noi suy 0% dé thu duoc 0 )

9. Khoitao p° = pi¥, n=10

10. Lap cho dén khi (n < Npygx2)

{

11. Tinh py, st dung 515,? st dung (5)

12. Tinh REEy, tmg v6i 042 st dung (11)

13. Cap nhat 002" bing cach gidi (7).

14.n=n+1;

}
3. Két qua nghién ciru va binh ludn
3.1.’ Tim gid tri x t6i wu cho két qud khoi phuc tét
nhat.

Tham s6 mé phong: Tan s6 1MHz, Niter =
4, Puong kinh ving tan xa 5A, PJ tuong phan am
1%, Nhieu Gaussian S%W (SNR = 26 dB), N; = 40,
Nr = 20. N1 va N, thay d6i theo tirng kich ban.
Bing 1. Cac kich ban khéc nhau véi sw thay déi Ny, Na

Kichban (Kb) | Kb1 Kb2 | Kb2
Nl, Nz N1 = 10, N1 = 11, N1 = 12,
No=20 |[N2=22| N.=24

Sau khi mo6 phong 3 kich ban véi cac tham
s6 trén, ta thu duoc két qua sau:

Bang 2. Loi thu dwoc 6 céc kich ban

S6 vong lap x 1 2 3
Lbi ¢ Kbl 0.0346 | 0.1245 | 0.2275
LéioKb2 | 0.0475 | 0.1063 | 0.2062
LéioKb3 | 0.0180 | 0.0540 | 0.0997

Két qua & Bang 2 chi ra rang, théng qua cac
vong ldp & cac kich ban 1, 2, 3, ti 18 15i nho nhét &
ca ba kich ban déu xay ra khi x = 1. Béi vay,
chung t6i lya chon gi tri x = 1 dé cho két qua khoi
phuc anh c6 chat lugng t6t nhat.
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3.2. So sanh DBIM va Proposed DBIM.
Tham sb mé phéng: Tan s 1IMHz, N = 40,
Ni = 10, N2 = 20, Niter = 4, x = 1, Puong kinh

vung tan xa 5A, P§ tuong phan am 1%, Nhiéu
Gaussian 5% (SNR = 26 dB), N = 40, N, = 20.

(@) (b)

(©)

Hinh 2. (a). Ham muc tiéu I twong 2D & 3D, (b). Két qua khéi phuc DBIM 2D & 3D, (c). Két qua khéi phuc
Proposed DBIM 2D & 3D.

N1=20,N2=40 N=40 %5 white noise

22 24 26 28 3 32 34 36 38 4

number of iterations

Hinh 3. So sdnh 16i chudn hod ciia DBIM va Proposed
DBIM sau buoc lap thir 4.

Hinh 3 chi ra riang 16i chudn hod cua
phuong phap dé xuét Proposed DBIM (dudng nét

dut) nho hon dang ké so voi phuong phap truyén
théng DBIM (duong nét lién). Pidu d6 chi ra
rang, ching t6i di thanh cong trong viée sir dung
ki thuat ndi suy dé nang cao chét lugng tao anh
siéu am cit 16p.
4. Két luan

Trong bai bao nay, ching toi trinh bay viéc
sit dung ki thut ndi suy dé nang cao chat luong
tao anh siéu am cit Iop. Chat lugng anh khoi phuc
theo phuong phéap dé xuat tot hon hin theo phurong
phap truyén thong, hon nita thoi gian tinh toan
cling duwoc giam thiéu dang ké. Nhu vay viéc st
dung ky thuat noi suy trong viéc cai thién téc do
tao anh va chit luong anh da thanh céng, tao diéu
kién ap dung trong linh vuc y - sinh.
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