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Tém tét— Phu'(mg phap ldp vi phin Born (DBIM) st dung
thong tin da tin sb da dwge nghlen ciru va ing dung trong ky thuat
siéu Am cit 16;p. Tuy nhién, viéc sir dung cac tin s6 khac nhau &
cac vong liap khac nhau trong phuwong phap DBIM khong dugrc sir
dung mét cach nhét quan. Buéc nhay tin sé thuwong dwge lwa chon
tuy thudc vao nguwoi xay dung Kkich ban mo phong hay thuc
nghiém. Dua vao Ky thuat két hop da tin so, trong bai bao nay,
chung toi dé xudt mét quy trinh két hop da tan s0 hiéu qua nhim
ning cao chét lwgng khoi phuc dnh siéu 4m cit 16p st dung 4m co
ban va cac hoa 4m (FTaOT). Két qua md phoéng so chi ra ring, 15i
chuin héa cia phuong phap dé xuit gidam 45% so véi phuong
phap két hop hai tin s6 théng thuwong. Céc kich ban sir dung giai
phap két hop da tin sb khic ciing dwge méd phong dé chirng minh
tinh kha thi ciia phwong phap dé xuét.

Tir kh6a—Siéu &m cat 16p, tan xg nguoc, phwong phdp Ip Vi
phan Born (DBIM), két hgp hai tan so (DF), dm co bdan va cac hea
am (FTaOT).

l. GIOI THIEU

Cac mo0 hinh tao anh y sinh —chup anh cong huong tir (MRI)
chup cit 16p dién toan (CT), chup X-quang tuyen vU, va chup
anh siéu &m- da va dang duogc ung dung rong rai trong chan doan
y khoa. Trong cac k¥ thuat chup anh nay, chup anh siéu &m —sir
dung séng &m ¢ tan sb tir 20 kHz dén 1 GHz— 1a phuong phap
duoc st dung phé bién nhit do ban chat khdng xam lan, gia
thanh thap, kiém tra khong giy dau dén, do linh dong va chan
doan tiic thoi. Phuong phdp chyp anh su dung song siéu am
truyen thong, ciing dugc blet nhu 1a chup anh Che do6 B, sur dung
céc thong tin phan hdi dé tao dnh mac xam céu tric bén trong
khoang bung. D9 sang cua mdi diém anh ti 1& v&i bién do duong
bao thong tin phan hoi gay bai cac mé. Vi tri khong gian cé thé
duogc xéac dinh sir dung nguyen ly phan hoi xung. Tuy nhién, ky
thuét chup anh truyen théng nay c6 han ché 1a nd khong thé phat
hién dugc cac cau tric ¢o kich thuéc nhé hon t;uoc song tai [1].
Trong khi do, phuong phép chup X-quang tuyen vu co thé khac
phuc dugc vén dé trén. Ky thuat chup X-quang tuyén va sir dung
tia X dé tao anh Vung VU phu nit, né dugc xem nhu la mot trong
nhung cdng cu gidm sét tot nhat dé tim kiém cac dau hiéu ung
thu va som. Ky thuat nay co thé tim kiém cac u gay ung thu vii
rat nho c6 dudng kinh nhé hon 5 mm [2], nhé hon nhiéu SO Voi
budc song t6i. Hon nira, ky thuat nay cling duoc dung dé phat
hién sy voi hoa cung nhur cac thay doi bat thuong ddi voi da. Tuy
nhién, no ciing c6 han ché la khong thé phat hién ung thu va doi
Vai nhung phu nit dudi 50 tudi bai vi cac md vi ciia phy nir trong
do tudi nay 1a day dic, do do6, chiing khong tao ra dugc do trong
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phan can thiét dé cé thé tao anh cac u nho. Tuy nhién, ky thuat
Chup anh siéu am da chung to la mot phuong phap thay thé trong
vigc chan doan ung thu va [3]. Ky thuat siéu am cat Iop cung
cép d¢ phan gidi t6t hon bang viéc dat cAc may phat va may thu
xung quanh ddi tugng va st dung mot trong nhiing ky thuat tan
Xa nguoc [4] Hau hét cac cong trinh nghién ciru vé siéu am cat
I6p déu cb gang udc tinh mét trong nhitng thugc tinh vat li¢u cua
doi twong (vi dy nhu toc do am, do suy hao am, mat do, ...) va
kich thudc cau tric (néu ton tai) trong moi truong [5].

Céc ky thuat chup anh dua trén ly thuyét tan xa nguoc c6 do
phuC tap tinh toén cao va day chinh la rao can Ién nhét dbi véi
viéc thuong mai hoa cac thiét bi siéu &m cit I6p. Do do, cac ky
thuét tan xa nguoc hau hét tap trung vao vi¢c giam thiéu d6 phirc
tap tinh toan va cdi thi¢n chat lwgng khoi phuc dnh. Bai toan tan
Xa ngugc bao gom viéc woc tinh su phan bé cua cac tham sé tan
xa &m (tac 12 téc 6 am, do suy hao, mat do, ...), chung dugc
udc tinh boi viéc nghich dao phuong trinh song trong moi truong
khong ddng nhat Do d6, ky thuat siéu am cat I6p hién thi thong
tin dinh hrong vé 601 tuong khi kiém tra. Hién nay, chi c6 mot
vai thiét bi siéu am cat I6p dugc thuong mai héa, nhu CURE [6,
7], HUTT [8], va TMS [9] Hai thiét bi dau tién c6 han che Vé
do phan gidi khong gian va d¢ chinh xac do vi¢c bo qua véan dé
nhiéu xa, trong khi do, thiét bi thir ba cho két qua chinh xac hon
nho &p dung céc giai thuat tn xa ngugc.

Hau hét cac cong trinh nghién cau vé siéu am cét 16p déu
duya trén phuong phap xép xi Born. Phuong phap 13p Born (BIM)
va phuong phap 1dp vi phan Born (DBIM) dugc st dung pho
bién trong chup cit 16p nhidu xa [10]. Trong phuong phap BIM,
ham Green khong thay dbi trong sudt qua trinh lap, do d6, uu
diém cua phuong phap nay la kha manh véi nhiéu (tuc 1a khdng
bi anh hudng béi nhiéu). Nhung nhuge diém ciia no 1a c6 do
phtic tap tinh toan twong ddi cao. Trong phuong phap DBIM,
ham Green dugc cap nhat trong méi vong lap, do do, toc do hol
tu & phuong phép nay nhanh hon so v6i phuong phap BIM.
Nhung nhuoc diém cia n6 1a bi anh huéng I6n bai nhiéu. Nhiéu
nha nghién ctru wa thich sir dung phuong phap DBIM hon. Han
ché chinh cia phuong phap xap xi Born Ia phuong phap DBIM
phan ky trong moi truong tan xa manh. Trong thuc té, phuong
phap Xap xi Born gia st rang, &p suit tan xa rat nho, do do, nd
co thé dugc bo qua; diéu nay chi dang trong moi truong tan xa
yéu. Vi moi truong tan xa manh, phucmg phéap xap xi Born
khong con diing nira [11]. Van de nay co thé duoc khac phuc bai
viéc str dung ky thuat két hop tan sé dé tao anh cac ddi tuong
dya trén d¢ twong phan am [12], [13]. Trong céc cong trinh nay,



céc tan s6 f; va f, duoc su dung dé khoi phuc ddi tuong trong
Nr va Nr. vong 1p. Tan sb thip f1 dam bdo do hoi tu cua giai
thuat dén mot mirc do tuong phan gan voi gla tri thuc, nhung d6
phan giai khong gian thap. Tan s6 cao f, co thé cai thién do phan
giai khong gian trong khi van gitr dugc do hoi tu boi vi s sai
khéc gitra mic do twong phan thyc va mic do tuwong phan goc
1a twong ddi nho (no thoa mén diéu kién cta phuong phap xap
xi Born). Trong cac cong trinh [14], [15], [18] [19], cac tac gia
dé xuat glal phép két horp nhleu hon hai tan s6 nham nang cao
d6 phan giai anh siéu am cat 16p dén cap do ma ky thuét nay cé
the tao anh duoc cac md sinh hoc. Tuy nhién, viéc sir dung cac
tan s6 khac nhau & céc vong lap khac nhau trong phuong phép
DBIM khong duoc str dung mot cach nhat quan Budc nhay tan
s6  thuong duoc lya chon tly thudc vao nguoi xay dung kich ban
m6 phong hay thuc nghiém. Dua vao k§ thuat ket hop da tan 50
trong bai bao nay, chung t6i d& xuat mot quy trinh két horp datan
so hi¢u qua nham nang cao chit lugng khoi phuc anh siéu am
cét 16p str dung 4m co ban va céc hoa am (FTaOT). Am co ban
duoc st dung cho vong ldp dau tién trong phuong phép DBIM,
va Ian luot, cac hoa &m tiép theo duoc st dung cho céc vong lap
ké tiép.

Il. PHUONG PHAP LAP VI PHAN BORN

Hinh 1 biéu thi c4u hinh do cia hé théng tao anh siéu 4m cét
16p. Cac may phat va may thu dugc bd tri trén mot vong tron
xung quanh ddi tuong (u la) dé thu thap dir liéu tan xa. Tai mot
thoi diém, chi c6 mot may phat va mot may thu hoat dong va ta
thu duoc mot gia tri dir liéu do tuong ing. Dt liéu nay duge su
1y st dung phuong phap DBIM dé khoi phuc do twong phan 4m
clia d6i twong tan xa. Theo cach nay, bat ky mo nao ciing ¢6 thé
duogc phat hién trong moi truong nay.
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Hinh 1. C4u hinh do siéu 4m ct 16p

Gia su rang c6 mét khong gian v han chira moi trudng
khong ddng nhat (B) chang han moi truong nude cod soO song
nén 1a ko. Hon nita, c6 mot ddi tugng (B2) c6 mat dd khong thay
d6i va sb song k(r) duoc dit trong méi trudng nay. Phuong trinh
song cua hé c6 thé duoc biéu dién nhu sau:

VZp(@) + k3p(¥) = —0(@®)p(¥), 1

Trong d6
0@ =k -k — pM2V2pm)2, (@)
k(1) = 5 + o). (3)

ke, (r) 12 s6 song, ¢ (r) la toc do am, a(r) 1a d6 suy hao, p(r)
la mat do, va w 12 tan sb géc.

Song t6i duoc ky hiéu 1a pi¢ (1), séng tan xa duoc biéu dién
nhu sau:

pe() = [, 00IPE)Golkgr—r) a4
Trong d6 p(r) = p™(r) + p*(r) la ap Suit tong trong moi
truorng khong, ddng nhat Q va G o(ko, 7 —7") 1a ham Green. Khi

mdi truong nén khong ddng nhat Go Ia ham Hankel loai 1 bac
0:

N Tl )
Go(ko»r_r)=ZHo (kolr=1']) =

T2 Gitke|r-r'|-m/4)
4 | mko|r—r'| ’

Ap suit tong c6 thé dwoc biéu dién nhu sau:

()

p(r) = p°(r) + f 0()p()Go (ko r — ') dr’ ()
QO

Mot trong nhitng giai phap hiéu qua dé giai phuong trinh (6)
la phuong phap moment (MoM). Ap suat cia cic diém bén
trong d6i tuong c6 thé dwoc tinh toan & dang vecto vai kich
thudc N2x1:

p = (T—C.D(O))p™e. ()

Céc diém bén ngoai dbi trong cho phép tinh toan &p suét
tan xa vai kich thudc NeNyx1:

p*¢ = B.D(0).p, 8

Trong d6 B 1a ma tran véi cac hé s6 1a ham Green Go(r,r’) tir
mdi diém anh dén may thu, € 12 ma tran véi cac hé sb 1a ham
Green Go(r,r’) gitra cac diém anh véi nhau, T 13 ma tran don vi,
va D(.) 1a toan tir chéo hoa bién vécto thanh ma tran duong
chéo.

C6 hai bién chwa biét 1a p va O trong cic phuong trinh (7)
va (8). Trong truong hop ndy, phuong phap xap xi Born bac 1
dugc 4p dung va phuong trinh thuan (7) va (8) c6 thé duoc viét
lai nhu sau [16].



Aps® = B.D(p). AD = M. AD, )

Trong d6 M = B.D(p). V6i moi méy phat va may thu, ching
ta s¢ c6 mot ma tran M va mot gia tri \ hudng Ap“ Thuc te
rang, vécto chua biét 0 ¢6 N x N bién, sé bién nay bang véi sb
diém anh trong ving quan tam (R10). Ham muyc tiéu c6 thé
duoc tinh toén bai phuong phép lap:

0" = 00D 4 AD™-D). (10)

Trong d¢6 0™ va 0™~1 1a ham muc tiéu ¢ budc lap hién tai va
budc lip trude do; A0 cb thé duge uéc tinh st dung chuan tic
Tikhonov [17].

80 = arg min||Ap*°, — MA0|; +yIIAO|I3, (1)

Trong d6 Ap*¢ 1a vecto ¢6 kich thuse (NN, X 1) biéu thi sy sai
khac gifra tin hiéu siéu 4m tién doan va do duogc; M, 1a ma tran
hé thong (N, N, x N?2); va y la tham s6 chuan tic.

Quy trinh thyc thi ctia phuong phap DBIM dugc trinh bay
& Giai thuat 1.

4. End For

7. For n = Nf, to Ngym, do

8. Cac budc tir 1 dén 5 & Giai thuat 1, sir dung fo.
9. Tinh toan RRE st dung (12)

10. End for

RRE = Z 12] 1|cll Cl]l (12)

Giai thuét 1. Phuong phép 13p vi phan Born - DBIM

Chon gid tri khoi tao: O,)= Oy Vap, = P su dung (10)
Forn = 1to Npgy, do

1. Tinh toan B va €

2. Tinh toan p, p*¢ twong tng Vi O,y st dung (3, 4)

3. Tinh toan Ap*€ sir dung (7)

4. Tinh todn A0, st dung (9)

5. Tinh todn 041y = O(ny + AO(y
End For

I1l. PHUONG PHAP DE XUAT

D¢ phirc tap cua hé théng tao anh siéu am cat lop phu thudc
vao tong sb vong 1ap (Nsum), s6 may phat (Ny) va s6 may thu
(N)). Gia sir rang téng sé vong lap Nsum khong dbi. Sai s6 thang
du twong dbi (RRE) duoc sir dung dé danh gia hiéu suit khoi
phuc anh.

A. Phuwong phdp lp vi phan Born dia vao két hop hai tan sé

(DF-DBIM).

K§ thuat két hop hai tan sé dwoc st dung dé cai tién chat
lwong khdi phuc anh va ting tbc do hoi tu cua phuong phap
DBIM. Phuong phép nay st dung hai tan sé f; va f, & uéc tinh
do6 tuwong phan &m trong N1 va Nf2 (N2 = Nsum - Nf1) vong lap.

Quy trinh thyc thi phuong phap DF-DBIM dugc trinh bay
o Giai thuat 2.
Giai thuat 2. Phuong phap DF-DBIM
1. Chon gia trj khéi tao: Oy = O0); Dy = D
2.Forn=1to Nfl,,dO
3. Cac budc tir 1 dén 5 ¢ Giai thuat 1, sir dung fi.

sir dung (9)

B. Phuong phap lap vi phan Born dya vdo dm co ban va cac
hoa &m (FTaOT-DBIM).

V& mat vat 1y, hau hét cac bd dao dong khi rung dong s¢ tu
nhién tao ra mot chudi cac tin sb riéng biét, cu thé 1a fo, 2fo, 3fo,
4fy, 5fy, ... Tan s6 thip nhét (fo) dugc goi 1a 4m co ban, céc tan
s6 cao hon (2fy, 3fo, 4fo, 5T, ...) dwoc goi 1a cac hoa 4m. C6 thé
thiy rang, khi may phat phat ra tan s6 f (tin s6 dugc sir dung dé
tao anh va chung t6i goi 1a 4m co ban) thi theo co ché vét 1y, no
cling tao ra cac tan s6 khac (2f, 3f, 4f, ...) va chung toi goi 1a cac
hoa 4m. Boi vay, trong bai bao nay, chung t6i str dung tan sb f
phat ra tir may phat cho vong lap dau tién va theo mot cach tu
nhién, chung t6i Iya chon cac hoa am tiép theo cho cic vong lap
tiép theo. Nho d6, ma do phan giai anh khoi phuc s& duge cai
thién dan. Tir do, ta co:

Nsum= N1 + N2+ Nz + Nga + N5 + Nrg + Nz + Nig

Quy trinh cta phuong phap FTaOT dugc trinh bay ¢ Giai
thuat 3. Trong d6 N1 = N2 = Nf3 = Na = Ns = Ng = N7 = Ngg =
1.

Giai thuat 3. Phuong phap FTaOT-DBIM

1. Chon gia tri khoi tao: O,y = O(oy; D, = p

2. For n =1 to N1, do Giai thuat 1, stir dung f1. End for.
3. For n =1 to N, do Giai thuat 1, sir dung f.. End for.
4. For n =1 to N3, do Giai thuat 1, sir dung fs. End for.
5. For n =1 to N, do Giai thuat 1, st dung fs. End for.
6
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9
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“ sir dung (9)

. Forn =1 to N, do Giai thuat 1, st dung fs. End for.
. Forn =1 to Ny, do Giai thuat 1, st dung fs. End for.
. For n =1 to N¢7, do Giai thuat 1, sir dung f7. End for.
. For n =1 to N, do Giai thuat 1, sir dung fs. End for.
0. Tinh toan RRE str dung (12).

IV. MO PHONG VA KET QUA

Tham s6 mé phong: Cac tan s6 f; = 1 MHz, f, = 2 MHz, f
=3 MHz, f4—4MHZ fs =5 MHz, fs = 6 MHz, f7—7MHZ fs
=8 MHz; S6 diém anh N = 20; S6 may phét N; = 11; S6 may
thu N, = 22; Tong s6 vong ldp Neum = 8; Puong kinh ving tan
xa 7.3 mm; Do twong phan 4m 30%; Nhiéu Gauss 10%; Khoang
cach tir may phat va may thu dén tam ddi tugng lan luot 1a 50
mm va 60 mm.

Ap suét song toi 1a chum Bessel bac khong trong khdng gian
hai chiéu c6 dang:

P = Jolkolr — 7iel), (13)



Trong d6 J, 1a ham Bessel bac khong va |r — ri | 12 khoang cach
giita méay phat va diém thir k trong viing ROI.

Hinh 2 so sanh 13i chuan héa cua phuong phap dé xuat véi
cac phuong phap truyén thong qua céc vong lap. Ta c6 thé thay
rang, 16i chuan héa cua phuong phap d8é xuat giam dang ké so
Vi cac phuong phap truyén thong.
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Hinh 2. D4 thi so sanh 15i chuén hoa ciia cac phuong phap khac nhau qua cac
vong lap
Sau Nem vong ldp, 16i chudn hoa cta cac phuong phap
DBIM, DF-DBIM va FTaOT-DBIM lan lugt 1a 0.4205, 0.1293
va 0.0709. Do d6, 16i chuén héa ciia phuong phap dé xuat giam
45% so v6i phuong phap DF-DBIM truyén thong.

Hinh 3 biéu thi ham muc tiéu 1y twéng ma hé thdng tao anh
siéu am cat 16p can khoi phuc duogc.

percent of the sound contrast

Number of pixels Number of pixels

Hinh 3. Ham muc tiéu 1y tuong (N=22)

Hinh 4. Két qua khoi phuc ciia phuong phap DBIM sau Ngym vong lip
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Hinh 6. Két qua khoi phuc ciia phuong phap FTaOT-DBIM sau N vong lip

Céc Hinh 4, 5 va 6 biéu thi két qua khoi phuc cua céc
phuong phap DBIM, DF-DBIM va FTaOT-DBIM sau Nsum
vong lap. Bang tryc quan, ta ¢6 thé thdy rang, nhiéu nén &
phuong phap dé xuat thap hon so vdi cac phuong phap truyén
thdng va két qua khoi phuc bai phuong phap dé Xuat gan ham
muc tiéu 1y twong hon so vdi cac phuong phap truyén thong.

Cac kich ban khac nhau cuia phuong phap ldp vi phan Born
sir dung thong tin da tan sb dwoc thé hién & Bang 1 va 15i chuin
hoa cua cac kich ban mé phong sau Neum vong lip duoc thé hién
& Bang 2. Ta thiy rang, ¢ kich ban 1 cho 16i chuan héa nho nhat
(0.0728) va gia trj 16i nay van con 16n hon 15i chuin hoa cta
phuong phép dé xuét (0.0709). Bidu nay cho thiy rang, phuong
phap dé xuét, FTaOT-DBIM, c6 thé dugc sit dung nhu la mét
giai phép hiéu qua trong viéc nang cao chat luong khoi phuc
anh siéu am cat 16p dua vao am co ban va cac hoa am.

Bang 1. Céc kich ban khac nhau cua phuong phap DBIM
sir dung thong tin da tan s6

Vong lip 1 [ 2 3 4 5 6 7 8
Kich ban 1 f, f, f3 f, | f fo f
Kjch ban 2 f; f, f, | f s fs
Kich ban 3 fi f, 3 i fs
Kich ban 4 f; f, fa in
Kich ban 5 f; f, fs

Béng 2. Lbi chuin hoa cta cac kich ban khac nhau cua
phuong phap DBIM st dung thong tin da tan so

Kich ban 1 2 3 4 5)
L&i 0.0728 0.0781 0.0882 0.1157 0.1536




V. KET LUAN

Trong bai bao nay, chung t6i dé xuét ap dung am co ban va
céc hoa 4m (co ché ty nhién ciia cac bo dao dong) trong phuong
phéap lap vi phan Born dya vao thong tin da tan s6. Am co ban
dugc str dung cho vong lap dau tién trong phuong phap DBIM,
va lﬁn luot, cac hoa am tiép theo dugc sir dung cho cac vong ldp
ké tlep Céc két qua mo phong di chi ra rang, phwong phap dé
Xuit wu viét hon so véi cac phuong phap truyén thong trong
viéc giam thiéu 151 chuan hoa va nang cao do phan giai anh khoi
phuc.

L&1 CAM ON

Nhém tac gia xin cam on su hd trg kinh phi ctia d& tai cap
B6 Gido duc va Bao tao, ma s6 B2017-SP2-08.
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