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NGHIEN CUU PHAT TRIEN PHUYONG PHAP TAO ANH
DO DAN HOI VA DO NHOT SU DUNG SONG TRUQT

VA MO HINH FDTD/AHI

AN IMPROVED ELASTIC AND VISCOSITY IMAGING METHOD USING SHEAR WAVE AND FDTD/AHI MODEL

TOM TAT

Tao dnh siéu &m dan hdi lamot md hinh tao anh nhanh chdng va thuan tién dé
thu thap hinh &nh clia cc md. Bac tinh co clia md mém (A0 dan hai, do nhét) duoc
thé hién thang qua tham s6 madun hién dang phirc CSM - mt thong tin hiw ich
cho viéc chan doan tinh trang bénh Iy clia mé. Trong bai béo nay, chling toi xy
dwng md hinh truyén séng tregt trong mai truong 2D &p dung phuong phap sai
phan hitu han trong mién thoi gian (FDTD); sau d6 &p dung b loc thong dai da
diroc d& xust &p dung € giam nhiéu van téc hat do durec clia séng trrot; cudi cling
la st dung thuat toan Bién déi nguoc dai so Helmholtz dé wéc luong truc tiép CSM.
Két qua md phdng s6 da chiing t6 tinh hiéu qua clia giai thuat dé xuat.

Tir khda: Tao anh siéu &m song bién dang, médun bién dang phirc (CSM), do
nhét, dd dan héi, md hinh FDTD.

ABSTRACT

Shearwave viscoelasticity imaging is a quick and convenient imaging model
for collecting images of tissues. The mechanical properties of soft tissues
(elasticity, viscosity) are expressed through the complex shearwave modulus
(CSM) parameter, which is an useful information for tissue pathological
diagnosis. In this paper, we construct a shearwave propagation model in 2D
environment using the finite-difference time-domain (FDTD) method; then apply
the proposed bandpass filter to reduce the measured particle velocity noise of
the shearwave; Finally, we use the algebraic Helmholtz inversion (AHI) algorithm
to directly estimate CSM. The results of numerical simulation have proved the
effectiveness of the proposed algorithm.

Keywords: Shearwave viscoelasticity imaging, complex shearwave modulus
(CSM), viscosity, elasticity, FDTD model.

'Khoa Vat Iy, Trvong Bai hoc St pham Ha Ngi 2
%Khoa Bién - Dién i, Trudng Dai hoc Phenikaa
"Email: tan.tranduc@phenikaa-uni.edu.vn
Ngay nhan bai: 10/4/2020

Ngay nhéan bai stra sau phan bién: 10/6/2020
Ngay chdp nhan dang: 24/6/2020

1.GIOI THIEU

Mot trong nhitng phrong phap lau doi nhat dwgc cac
béc st sir dung dé phat hién khéi u va cac bénh Iy khac
trong cac md la s& nan. Bang cach ap dung mot ap lvc nhe
bang tay, cac béc s s& cAm nhan dugc do ciing clia mo can
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kiém tra. Mot khu vuc cliing trong md mém sé thu hat sy
chu y clia bac si. Théng thwong, mot vang bi bénh ly dwoc
dac trung béi do dan hoi khac biét so véi mé mém binh
thuong. Sarvazyan da gigi thiéu vé ky thuat tao anh dan hoi
song bién dang (SWEI) dliing trong chan doan y té vao nam
1998 [1]. Nam 2004, Chen va céac cbng sy da duwa ra cong
thirc cho thdy van tdc truyén séng bién dang cé lién quan
dén do dan hoi va do nhdt ctia méi truong [2]. Theo do, ho
dé xuat phuong phap dinh lugng do dan hoi va do nhot
mo théng qua viéc do van téc séng bién dang. Nam 2010,
Orescanin Marko va cac cong st da ap dung loc t6 hgp hop
I& cuc dai (MLEF) dé uwdc lwgng cac tham s& médun bién
dang phtrc (CSM - Complex Shear Modulus) cho méi truong
ddng nhéat dva trén mé hinh Kelvin - Voigt [3]. O' Viét Nam,
tir nam 2013, nhém nghién ctru clia ching téi da cé nhiing
nghién ctru ban dau vé wéc lwvong CSM st dung MLEF cho
moi truong khéng dong nhét [4]. Nhwoc diém clia MLEF la
khGi lugng tinh toan I16n va vi thé khong phu hop cho dinh
huéng téi cac thiét bi tao anh CSM thai gian thie. Cho dén
nay, nghién ctru vé wéc lvgng CSM va tao anh siéu &m séng
bién dang van dang thu hat dugc sy quan tam réat 16n cla
cac nhém nghién ctru khac nhau [5 - 9].

Su lan truyén séng trrot trong mdé mém sinh hoc duwgc
mé hinh héa bang phwong trinh truyén séng co ban, né
cho thay gia tri van tdc hat clia song truot la mot ham céd
lién gquan dén gia tri van t6c hat séng truot trong quéa kh.
Tuy nhién, md hinh nay chi thuc su phu hop v&i mot moi
trwong doéng nhat. Trong moi truong khéng ddong nhéat
(nhuw trong mé mém sinh hoc), gia tri van toc clia song truot
ngoai phu thudc gia tri trong qua khir ciia né con bi anh
hudng béi gia tri tai vi tri ngay trwéc vi tri khao sat. Chinh vi
vay, trong bai bao nay, ching téi da ap dung phuong phap
sai phan htru han trong mién thoi gian (FDTD) dé mé hinh
héa su truyén song trwgt trong mé mém sinh hoc (mot moi
trwvong khdng dong nhét phtc tap). Phuong phap nay cho
thay gia tri van toc hat cla song truot la mét ham cé anh
huédng béi ca hai yéu td khong gian va thoi gian. D liéu
van toc hat cla song truot do dwoc bao gdm nhiéu qua
trinh do. Do d6, mét bo loc thdng dai dwgc dé xudt ap dung
dé giam nhiéu dir liéu van téc do dwoc. Cubi cling, chiing
t6i 4p dung thuat todn bién d6i nguoc dai s6 Helmholtz
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(AHI) d€ udc lwgng tryc ti€p CSM (d6 dan hoi va do nhot).
Tl d6, ta c6 thé biéu dién dwoc anh 1D hoic 2D vé db dan
hdi va dd nhot clia mé. Ta biét rang, tan sd kich hoat hé
thong tao anh siéu am dan haéi la tan s6 don, trudc day, dé
gidm s bién dong tan s6 va nhiéu do lvong, bo loc thong
thap da duoc de xuét [11], tuy nhién, nhiéu do lwdng khéng
duoc loai bo triét dé. Nham thu nhan tin hiéu xung quanh
tan s6 kich hoat, bd loc thdng dai da duoc dé xuat ap dung.
K&t qua md phong s6 da cho thdy tham sd 16i chuén hoa
giam dang ké so voi nghién ctu tredc ap dung bo loc
thong thap. Hon nia, gidi thuat dé xudt khéng can dung
phwong phap loc téi wu, hay loc thich nghi nhu nhitng
nghién ctru triede [10]. Do d6, do phiic tap clia hé thong tao
anh sé thap hon va thuan lgi cho viéc ing dung cho tao
anh thoi gian thuec.
2. PHUONG PHAP LUAN

Trong hé thdng tao anh siéu &m dan hoi, mot cay kim
duwoc dao dong & mot tan sd xéac dinh doc theo truc Z, sau
d6 séng bién dang lan truyén trén mat phang X-Y (hinh 1).
Ta c6 thé thu thap van tdc hat st dung thiét bi siéu am

Doppler [12].
Kim rung
[ Hé théng
siéu am
Doppler
\
Séng bién \\
dang 7 v

o Khéi u

M6 meéem

Hinh 1. Hé thong kich thich va do song bién dang
Phuong phap FDTD duoc st dung voi sv gia dinh rang
st lan truyén séng bién dang trrot doc truc xuyén tam va
bd qua sw hdp thu ctia mai treong. Moi quan hé gilra vécto
van toc hat v, theo hwéng lan truyén séng x trong hé toa
dé Dé-cac va tensor nén o,, cé thé dwoc mo ta bdi cac
phuong trinh (1) va (2) [13]:
p atvz = aXGZX’ (l)
ato-zx = (M + n at) aXVZ’ (2)
Trong do, 0, la toan tlr dao ham riéng d/ d, ap dung véi
gia tri bén phai cta ky hiéu, d, la toan tr dao ham riéng
d/ d, ap dung voi gia tri bén phai ctia ky hiéu, p la mat do
clia mod, uvan twong ng la dd dan hoi va dd nhét ctia mo.
Mb hinh Kelvin-Voigt duoc st dung dé biéu dién modun
bién dang phtrc CSM G(x, w)dai lwvgng nay phu thudc vao
tan s6 goc w nhu sau:
G(x ) = p() — ian (x) (3)
Trong d6, p la do dan hoi van la dé nhét can duoc wéc
tinh. D€ roi rac phurong trinh (1) va (2), cac ky hiéu sau day
duwoc st dung:
v,(x,t) = v,(iAx, nAt) = v, (4)
0,4 (X, t) = 0,, (1A%, nAt) = ol |; (5)
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Trong dé, Ax la khodng cach gilra cac vi tri khéng gian
lién tiép, At 1a chu ky 18y mau, chi sd i 1a budc khong gian,
va chi s6 n la buéc thoi gian.

Béng viéc st dung phrong phap FDTD, (1) va (2) duoc
mo ta nhu sau:

At n+s n+d
1] — 2 2
V;H— |i_V;|i+pAX zx | 1_GZX 1 (6)
l+§ I_E
1 1
n+s n-3 pAt
O.ZXZ =0, 2 + X (v*1],, — v+
.1 .1 X
l+§ l+§ (7)
s gy = V1) =7 2 — 31D
Ax Ax

Van téc hat v2 c6 thé bi anh hudng bdi nhiéu nhu nhiéu
do dac, phan xa,... Mot bo loc hiéu qua can dwoc st dung
dé tang cuong tin hiéu treedc khi 4p dung phrong phap AHI
dé wdc tinh tryc ti€p CSM. Trong bai bao nay, chiing t6i
thiét ké bo loc thong dai dé giam nhiéu tir van téc hat co
nhiéu ma thu thap tr hé siéu am Doppler. Trong [11], &nh
hudng ctia nhiéu da dugc giam thiu bang cach ap dung
bd loc théng thap. Bd loc nay chi co thé loai bd dugc nhiéu
tan s6 cao. Trong bai bao nay, chdng toi chi gilr lai dai tan
s6 ma c6 chira tan so kich thich.

Tin hiéu van téc hat, dugc biéu dién la v, (n), duoc phat
vao trong md va bi anh hudng bai nhiéu, biéu dién [a z(n)
Cung véi nhau, ching tao thanh tin hiéu nhiéu v,(n) duoc
mo ta boi:

v(n) = v,(n) +z(n) 8)

Tin hiéu c6 nhiéu nay v(n) duoc ap dung nhu 1a dau vao
clia bo loc théng dai dé trich xuat wéc tinh tin hiéu mong
mudn v, (n). Bau ra bd loc thdng dai hay tin hiéu duoc loc
¢,(n). Tin hiéu nhiéu dugc Idy mau va tao thanh vecto chira
N mau:

v(n) = [v,(0) v,(1) ... v,(N—1)], ©)
va cac hé sd clia bd loc duoc biéu dién nhu sau:
w(n) = [w(0) w(l) ... w)] (10)

trong dé, L la bac cta bd loc. Cac hé s6 bo loc, cling
duwoc goi la trong s6 w(n). Dap (ng tan s6 cua bo loc thiét
k& dwoc thé hién & hinh 2.

L
Sl

L

[

Magnitude frequency response
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Hinh 2. Dap (rng tan sd clia b loc thiét ké
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Sau khi giam nhiéu tir van t6c hat thu duoc, giai thuat
AHI 0 duoc st dung dé tinh toan CSM. Vai thé tich nhd, gia
st réng, tinh chat dan hdi nhét ctia mé la dang huong.
Chuing t6i két hop (1) va (2) dé thu duoc:

0%v
p5z = G OV, (1)
Trong d6, G'(x, ¥ la CSM trong mién thoi gian va V2v, la
2
toan tl Laplace clia v, duoc dinh nghtala v2v, = aaXVZZ.

Giai thuat AHI dwoc st dung dé giai (11), sau do tré
thanh phuong trinh Helmholtz:

(G(x, )
p

VZ+ u)2> V, (%, ®)] =@, =0 (12)

Trong do6, G(x, o la CSM trong mién tan s6 va duoc
dinh nghia trong (3), V,(x, o la bién d6i Fourier theo thoi
gian cla van toc hat v,(x, }, V(x, @& =F {v,(x, }}, va w,
la tan s6 goc w, =2 ,. Tir (12), ta c6 thé thady rang CSM c6
thé dugc wac tinh trye tiép nhuw sau:

_ _pw(z)vz (X' (1)0)
nx) = ER{—VZVZ(X, ) } )
— _p(D(z)VZ(X, (1)0) ( )
Nk = J{ V2V, (x, wg) }

Trong d6, V,(x, @) duoc tinh toan st dung bién déi
Fourier tai tan s6 goc xac dinh w,; V?V,(x, @) dwoc tinh
toan st dung ham Laplace roi rac (The MathWorks)
del V,(x, @)) trd v& xdp xi roi rac cla toan t& vi phan
Laplace ap dung véi V, (X, ).

Giai thuat dé xuat cho wéc tinh CSM duogc tom tat & Giai
thuat 1.

Giai thuat 1. Giai thuat dé xuat véc lvgng CSM

Buéc 1. Thiét Iap kich ban md phong.

Buéc 2. Lira chon tan s6 kich thich f;, =150Hz.

Buéc 3. Phat séng bién dang béi dao dong kim.

Budc 4. Thu thap van téc hat co nhiéu & 120x120 vij tri
khéng gian.

Budc 5. Loc nhiéu st dung bd loc théng dai.

Buwéc 7. B cac phan tam thai (transient) cuia tin hiéu loc.

Buwadc 8. Tinh toan bién ddi Fourier nhanh (FFT) cla tin
hiéu loc.

Budc 9. Udc tinh mdi CSM & céc vi tri khong gian st
dung (13).

Buwéc 10. Banh gia hiéu suat woc tinh.

Két thuc.

3. KET QUA MO PHONG SO VA THAO LUAN

Tham s6 md phdng: M6i truong 2D c6 kich thuéc
120%120mm, chira md cé toa dd (40mm, 40mm), ban kinh
mo la 20mm. B dan hoi va do nhét cdia méi truong lan luot
la 4, = 6000Pa van, =1 2Pas, do dan hoi va dd nhét cia mo
lan lwot la W, = 9000Pa va n, = 18 Pas, tan s6 rung ctia kim
f = 200Hz, mat dé khéi clia moi truong p = 1000kg/m?, bién
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dd cua kim rung 5 mm. Cac anh do dan hoi va dé nhét ly
twdng dugc thé hién & hinh 3.

L&i chudn héa do dan hdi va dd nhat clia cac phuong
phap wéc tinh khi thay déi budc thoi gian dwoc trinh bay &
bang 1. Twong ¢’ng vGi cac budc thoi gian 500, 750, 1000,
1250, 16i chuén hoa clia dd dan hdi uvéc lwvong béi phuong
phap dé xudt gidam twong (ng la 13,24%, 39,04%, 16,90%,
19,65%, so v6i phuong phap truyén théng. Tuong ty nhw
vay, twong ng voi cac budc thoi gian 500, 750, 1000, 1250,
16i chuén héa clia dd nhét wéc lvong bdi phuong phap dé
Xuat giam tuong (ng la 13%, 9,02%, 8,15%, 8,41%, so voi
phwong phap truyén théng. Nhuv vay, chat lugng anh wéc
lwvgng béi phwong phap dé xuat (cd dd dan hoi va dd nhét)
khi str dung b6 loc thong dai dwoc cai thién dang ké so voi
gidi phap st dung bd loc théng thap.

Bang 1. L&i chun hoa do dan hdi va do nhot clia cac phirong phap e tinh
khi thay dai budc thoi gian

Phuong | Buéc thei gian 500 750 1000 | 1250
phap
FDTD- |0 danhdiudelvong | 0,0710 | 0,0292 | 0,0284 | 0,0229
BPF-AHI" | D6 nhot wéc luong 0,5100 | 0,2406 | 0,1889 | 0,1451
FDTD-LPF- | PO dan hdi uéc lvong | 0,0616 | 0,0178 | 0,0236 | 0,0184
AHI | B6 nhot woc lrong 04437 | 02189 | 01735 | 0,1329
* " Spactiat tocation tmml e
(a)
Ideal-viscosity image
20
— 40t
£
-g 60}
%; 80}
100 |
120
2‘0 4‘0 60 éO 160 120

Spactial location [mm]

(b)
Hinh 3. Anh Iy tiréing khoi tao: (a) B dan hoi; (b) Dd nhot
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LPF

Etimated-elasticity image

duwoc. Tuy nhién, cac thuat toan
LMS can duwoc st dung tai moi

BPF

Etimated-elasticity image
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Estimated-viscosity image

120

Estimated-iscosity image

diém khong gian, va do dé kéo
dai thoi gian tinh toan. Han ché
nay sé can tré giai phap s dung
LMS tao anh thai gian thuc.
4. KET LUAN

Tao anh siéu am dan hoi (d6
dan hoi va dé nhét) la hai tham
s0 quan trong dugc st dung dé
khao sat ciu trdc cac mo, dac
biét la tim kiém cac mé. Trong
bai bao nay, ching t6i da ap
dung thanh cdng giai phap moi
bao gom mo hinh FDTD, bo loc

(b)

20 20
40 ; o )
60 e _ ': 60
80 s 80

100

théng dai va AHI. Bo loc théng
dai chi gitv dai tan s6 hitu ich &
van t6c hat do dugc trudc khi &p
dung AHI dé woc tinh truc tiép
CSM. Chat lvgng anh khéi phuc
duwoc cai thién dang ke trong giai
phap dé xuat.

1 LOI CAM ON

Nhom tac gid xin cdm on sy

(©

Hinh 4. Anh khoi phuc béi phuong phép truyén théing va d& xut (buée thi
gian 1500)

Nhu duoc thé hién trong céac hinh 4 (a)-(d), chéat lvgng
khoi phuc kha tot néu cac diém khong gian & gan kim rung.
Ta thdy rang, viéc udc luong tét & vang dién tich ciia mot
phan tv vong tron ban kinh 120x120mm cé tdm & xung
guanh vi tri kim rung. Tai cac diém khong gian bén ngoai
khu vuc nay, wéc tinh khéng dugc tét, van téc hat bi suy
gidm nhanh choéng. C6 thé thdy rang, cach ti€p can cla
chuing t6i cho phép wéc tinh tot hon so voi phuong phap
truyén thoéng trong ca hai truong hop nay (bén trong va
bén ngoai vung dién tich ctia mdt phan tv vong tron cé
ban kinh 120x120mm).

Nghién ctru ctia ching téi cho thay rang, bang cach loc
nhiéu vai bd loc thong dai (BPF), chat luvgng da duoc cai
thién t6t va sai s6 wéc tinh la 1,85% cho do dan hoi va
13,29% cho dd nhdt. Ching t6i co thé so sanh truc ti€p Vo
mot nghién ctru hién tai [11] véi cung diéu kién mo6 phong:
Sai sO woc tinh la 2,28% cho do dan hoi va 14,64% cho do
nhét. Trong [11], tAc déng ctia nhiéu da duoc giam thiéu
bang cach &p dung bd loc théng thdp. N6 c6 nghia I3,
phrong phéap nay chi co thé loai bd nhiéu & tan s cao.
Theo céch tiép can clia chiing t6i, ching téi chi gitr dai tan
s6 bao gbm tan so kich thich.

Céch tiép can clia ching téi cling khac phuc nghién ctu
gan day duoc béo céo trong [15] vé mitc dd phirc tap tinh
toan. Trong [15], cac tac gia da ap dung bd loc binh phrong
trung binh t6i thiéu (LMS) dé giam nhiéu tir van téc hat do
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