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MO DAU
1. Ly do chon dé tai

Anh siéu am di va dang dugc tng dung rong rii trong chan doan boi
nhitg vu diém nhu khong xam hai, gia ré, c6 tinh chét thoi gian thuc ... Tuy
nhién, k¥ thuat tao anh phd bién hién nay dung dé phat hién khéi u (d6i tuong
tinh) str dung thong tin phan hoi ctia song siéu am khi gip vat thé (vi du B-
mode) chi cho phép hién thi dinh tinh céu tric va chi xac dinh duoc u kich
thude du 16n. Trong khi d6, ky thuat tao dnh siéu am cat 16p st dung thdng tin
tan xa (dung DBIM) cho phép hién thi dinh lwong ciu trac, phat hién dugc u
kich thudc nhd, va c6 nhiéu tiém ning tng dung (vi du phat hién sém ung thu
vi). Tuy nhién, phuong phap DBIM c6 do phirc tap tinh toan cao dan dén thoi
gian tao anh lau. Do 1a 1i do cho dén nay ) luong cac thiét bi tao anh siéu am
cat 16p dugc thuong mai hoa rat han ché.

Lu4n 4n tap trung nghién ctru cac thudt toan xu 1y tin hiéu tién tién (k¥
thuat két hop tan s6, k¥ thuat ldy mau nén gia ngiu nhién) nham nang cao toc
do va chét luong tao anh si€u dm cit 16p.

2. P6i twong nghién ciru

Sy thay d6i téc do truyén 4m khi gip moi trudng khong dong nhét (tic
1a khi c6 u la), k¥ thuat tao anh dua trén su tan xa nguoc.

Phuong phap ldp vi phan Born (DBIM).

K¥ thuat xtr Ii tin hiéu tién tién (k¥ thuat két hop tan s, k¥ thuat 1y mau
nén gia ngau nhién) két hop voi phuong phap DBIM.



3. Muc dich nghién ciru

X4y dyung va phat trién cac phuwong phap, mé hinh, giai thuat va cong cu
nhim nham ting téc viéc ldy mau, nang cao chat luong tao anh siéu am cit 16p
str dung k¥ thuat két hop tan sd, k¥ thuat 14y mau nén gia ngau nhién.
4. Phwong phap nghién ciru

Phuong phap thuc hién dé tai 1a nghién ctru 1y thuyét (cac giai thuat xu
Iy tin hiéu) 4p dung cho anh siéu am cit 16p két hop véi mé phong sb. Trong
luan 4n, t6i st dung phuong phap mé hinh hoa va mé phong dé xay dung mé
hinh tao anh siéu am cat 16p (phuong phap DBIM) va phuong phap nay da dugc
kiém ching dya trén dit liéu thuc nghiém. Tir d6, t6i tiép tuc phat trién mo hinh
mo phong cua phuong phap DBIM bang viée sit dung mot sb giai thuat tién
tién tng dung trong tao anh siéu Am cat 16p. Ta biét rang, mot trong cac giai
phap dé xay dung anh 3D duoc tao bdi tir cac anh 2D. Béi vay trong lun an,
t6i gidi han nghién ctru & viée tao anh 14t cat 2D véi muc dich dé nang cao chat
lwong cua lat cat 2D nay, dé tir 46 co thé tao duoc anh 3D c6 chat luong tot.
5. Y nghia khoa hoc va thuec tién ciia luin an

Viéc xdy dung va phat trién cac phuong phap, mé hinh, giai thuat va
cong cu nham nang cao hiéu qua xtr 1y tin hiéu va tao anh y-sinh c6 y nghia
khoa hoc t6t vi nhimng két qua néu thanh cong sé 1a déng gop mdi trong tao anh
y — sinh n6i chung va tao anh siéu &m cit 16p noi riéng. Nhing nghién ciru 1y
thuyét ctia dé tai thuc hién theo dinh huong co thé hién thuc hoa duoc trén cac

may tao siéu am cit 16p thé hé sau.
6. Ciu triic luin an
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CHUONG 1: TONG QUAN
1.1. Dit vin dé

Trén thé giéi méi nam c6 khoang 1,4 triéu ngudi méi mac bénh ung thu
vi va 458.000 nguoi tir vong [1]. O Viét Nam, mdi nam ¢ khoang 7.000 nguoi
mé&i mac bénh, trong do ty 18 tir vong khoang 35%, cao hon cac nudce phat trién,
bénh c6 xu huéng tré hda va ting dan qua cac nam. Vi vay, cac cong trinh
nghién ciru vé cac thiét bj nham phat hién sém can bénh ung thu vi 12 rat can
thiét va mang tinh thoi su ¢ Viét Nam ciing nhu trén thé gioi.

Ung thu vi néu dugc phat hién va diéu tri sém thi ty Ié chita khoi bénh
dat t6i 90% va chat luong song cua bénh nhan dugc tang Ién rd rét. Do do, k§
thuat tao anh cua khdi u la khi con nho (tac 12 duong kinh caa khéi u nhé hon
5mm) la rat can thiét. K§ thuat chup X—quang tuyén v (mammography) duoc
st dung rong réi dé tim kiém ung thu va & phu nit hau man kinh. Tuy nhién,
d6i véi nhitng phu nit dudi 50 tudi thi ki thuat X—quang tuyén va bi han ché
boi vi cac mé v & phu nir 1a day dic [41]. Cac mo day diac khdng cung cap
duoc su thay d6i van tde truyén am can thiét dé tao duoc anh cuaa khéi u nho.
Trong khi d6, k¥ thuat siéu am cat 16p (ultrasound tomography) lai thuc hién
duoc diéu nay. N6 1a mot ki thuat thay thé cho k¥ thuat X-quang tuyén va trong
chan doan ung thu va. Vi vay, cac cdng trinh nghién ctru dé nang cao chat luong
tao anh siéu am cit 16p s& tao diéu kién thuan loi dé ap dung vao thuc tiény
sinh.

K§ thuat siéu am cat Iop 1a mot linh vuc rat mai trén thé gioi, né co rat
nhiéu tiém nang phat trién, bai vi n6 ¢6 kha nang phat hién duoc cac u la, dua
trén k§ thuat tan xa nguoc [54]. Cac cong trinh nghién ctiu hién nay vé linh vuc
nay thuong tap trung nghién cau vé Phuong phap lip Born (BIM) va Phuong
phap lap vi phan Born cai tién (DBIM) [5]. Vi vay, toi tiép tuc nghién ctiu va



phat trién mo hinh tao anh siéu &m cat 16p sir dung céc ky thuat tién tién nhu
k¥ thuat két hop tan s, k¥ thuat 1dy mau nén. To6i da ban dau dua ra hudng
nghién cau str dung chudi gia ngau nhién trong k¥ thuat ldy mau nén, 1a budc
tién quan trong trong viéc dua k¥ thuat ldy mau nén thuc thi duoc trén phan
ctrng cua may chup anh siéu am cat 16p. Nhitng noi dung nghién ctcu néu thanh
cong s& cho phép hoan thién ca ly thuyét 1an thuc té trong @ng dung chup anh
siéu am cit 16p.

K¥ thuat tao anh siéu &m cit 1op ¢ uu diém an toan, khdng xam lan, ré
tién, cé tinh chat thoi gian thuc va no rat phi hop véi diéu kién nghién ciu ¢
Viét Nam. Tuy nhién, ngoai nhitng wu diém trén, thi k¥ thuat nay van con mot
s6 han ché nhu anh siéu am c6 do phan giai thap; téc do tao anh con cham; do
chinh xac chua cao; con anh huéng béi nhiéu; do phirc tap tinh toan con 16n,
... Cac két qua nghién ctru cia luan an di cai tién dang ké nhitng han ché hién
tai. Cu thé:

+ Do phan giai thap, anh huong bai nhidu duoc cai tién bang céach st
dung k¥ thuat két hop tan sé dé xuat.

+ Do chinh xé&c chua cao va do phire tap tinh toan 16n dugc cai tién bang
cach sir dung k¥ thuat 1ay mau nén dé xuat.

C6 thé thay rang, nhitng k¥ thuat xtr Ii tin hiéu tién tién nay, néu duogc ap
dung trong viéc khéi phuc anh siéu am thyc té thi s& cai thién dang ké chat
lwong siéu &m cit 16p hién tai, tao diéu kién ¢ng dung rong réi trong y khoa.
1.2. Tong quan vé ky thuit tao anh siéu am cit 16p
1.3. Cac cong trinh nghién ctu lién quan dén phwong phap DBIM
1.4. Dinh hwong nghién ciru

(a) Nghién civu dé xudt ky thudt két hop tin so toi wu irng dung trong

DBIM nhdm néng cao chit lwong tao dnh siéu am cdt Idp, dic biét la ting
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toc dé hoi tu va cdi thién dp phéin gidi anh. Ky thuat két hop tan s6 cho phép
nang cao chat lugng ctia anh chup siéu am cat 16p. Vé nguyén 1y, ta c6 thé sir
dung phuong phap quyét tan s dé tao anh, tuy nhién khi st dung phwong phép
ndy, thi img v&i moi tan sd ta s& c6 mot tap gia tri do, boi vay viée luu trit va
tinh toan sé& 1on. Pay 12 mot rao can ctia phuong phap DBIM ma cho dén nay
c6 rét it cac thiét bi thwong mai hoa sir dung céng nghé nay. Boi vy, trong ludn
an, t6i chi giéi han viéc str dung 2 tan sé tng dung trong viéc khoi phuc anh.
Trong Hinh 1.2, véi mdi mot phép do thi sdng siéu am (& mot tan sb nhat dinh)
khi truyén qua d6i twong néu c6 khéi u thi van tdc truyén am s& thay doi. Khi
chung ta c6 mot tap két qua do thi sé str dung phuong phap BIM/DBIM dé xay
dung anh phan bd theo khong gian thé hién duogc st thay d6i van toc nay, tir do
phét hién dugc vi tri, kich thudc va loai u. K§ thuat két hop tan sd von duoc st
dung rong rai trong vién thong va co6 thé ap dung cho siéu 4m nhu sau: trong
giai doan dau cua bai toan khoi phuc anh sé& sir dung tap dit liéu véi tan sb thap
dé dam bao sy hoi tu nhanh, tiép do s€ su dung tap dir licu tan sd cao hon dé
dam bao do chinh xac cua thuat toan khoi phuc. Theo huéng nghién nay, cac
nha khoa hoc da trinh bay mot s6 cong trinh vé két hop tan s cho tao anh siéu
am cat 16p [44]. Tuy nhién, thoi diém chuyén giao tir tan sb thap sang tan sb
cao 1a diém méau chot ma cac nha nghién ciru khic chua khai thac duoc. Néu
xac dinh dung thoi diém nay, chat lugng anh khoi phuc sé& 1a tot nhat. Nguoc
lai, néu xac dinh khong ding chét luong anh tham chi con x4u hon khi chi st
dung mot tan s6. Vi vy, mot trong nhitng hudng di ctia luan 4n 12 tap trung xac
dinh thoi diém chuyén giao toi wu nay.

(b) Nghién ciru dé xudt ky thudt Iy mdu nén gid ngdu nhién trng dung
trong DBIM nhédm néing cao chét lwong tao anh siéu ém cit l6p, ddic bigt la
giam ddng ké d phikc tap tinh todn, anh khéi phuc cé dé chinh xdc cao. Han
ché ma thiét bi tao anh siéu 4m cit 16p chwa duoc img dung rong ri trong thuc
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té vi qua trinh tao anh siéu am cat 16p van con do phuc tap tinh toan cao va thoi
gian tao anh kéo dai. Vi vay, cic cong trinh nghién ctru dé 1am ting toc do tao
anh va giam do phuc tap tinh toan dang la van dé nong dugc nhiéu cac nha
nghién ctru quan tdm. Vao nam 2006, cac nha khoa hoc Candes, Tao va Donoho
d3 dé xuat ky thuat ldy mau nén (Compressed Sensing) [14]. K§ thuat nay cho
phép thu nhan va khéi phuc tin hiéu thua véi tée do 14y mau thip hon nhiéu so
vé6i toe d6 14y mau Nyquist. Miac du k¥ thuat iy mau nén 1a mot k¥ thuat dang
tap trung thu hat nhidu nha nghién ctru trén thé gidi trong linh vuc xir 1y tin
hiéu va Iy thuyét thong tin, ciing nhu nhiéu nguoi ¢ nhiing linh vuc khac dang
tim cach tmg dung né. Hién nay, cac nghién ctru lién quan dén 14y mau nén tai
Viét Nam con dang rat han ché. Trong cac hoi nghi quoc té vé linh vuc K§ thuat
y sinh, & Viét Nam, chi thdy c6 nhom nghién ctru ciia Truong Pai hoc Cong
nghé c6 cong bd nghién ciru vé 1dy mau nén [12], [55], [70], [71], [76]. C6 thé
théy rﬁng, viéc thuc hién k¥ thuat léy mau nén dua trén viéc léy mau ngau nhién
dan dén han ché kho thyc thi trén phan cimg. Vi thé, trong ludn an nay toi dé
xuat huéng nghién ctru 14y mau nén gia ngau nhién trong tao anh siéu am cét
16p. Pay 1a budc tién quan trong trong viéc dua ldy mau nén thuc thi duoc trén
phan cimg ctia cac may chyp anh siéu am cat 16p thé hé sau. Cho dén nay, chua
c6 cong trinh cong bd ndo trén thé gidi cling nhu & Viét Nam di theo hudng sir
dung k¥ thuat 1dy mau nén gia ngiu nhién trong viéc nang cao chét luong tao

anh siéu am cat 16p.



CHUONG 2: KY THUAT TAO ANH SIEU AM CAT LOP

2.1. Co 6 Iy thuyét vé siéu am cat 16p
2.2. Phwong phap ldp vi phan Born — DBIM
2.3. M6 phéng va thuc nghiém kiém chiéng phwong phap DBIM
2.4. Két luan chwong 2

Trong chuong nay, t6i trinh bay co s& 1y thuyét vé song siéu am, sau do
nghién ctru va xay dyng thanh c6ng mé hinh mé phong phat — thu siéu 4m cét
16p, phuong trinh truyén song, str dung ham Green dé giai phuong trinh truyén
song, str dung phuong phap moment dé roi rac hoa phuong trinh song, va cudi
cuing 1a tinh toan &p suét tan xa thu duoc tai cac dau thu. Sau do, t6i so sanh di
ligu thuc nghiém la tin hi¢u ap suét tan xa thu duoc tai cac dau thu véi két qua
mo phong véi cac dd phan giai khac nhau, tir d6 Xac dinh dugc do phan giai
anh phu hop (1 khi két qua mo phong va thuc nghiém 1a sat nhau), cho phép
cai tién hiéu ning tao anh siéu Am cit 16p. Toi da thuc hién mod phong véi nhiéu

do phan giai khac nhau dé so sanh voi dit liéu thuc nghié¢m dé tim ra do phan

r
.....

giai tdi thiéu nhung van dam bao su trong dong giita két qua mod phong va thuc
nghiém, dam bao dugc do phirc tap tinh toan 1a nho nhat (N = 32 trong kich
ban dé xuat). Ti hoan toan c6 thé sir dung kich ban mo phong dé tiép tuc phat
trién cac giai thuat nham nang cao chét luong va tdc do tinh toan anh chup siéu

am cat 16p.
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CHUONG 3: THUAT TOAN KET HQP TAN SO DUNG
TRONG TAO ANH SIEU AM CAT LOP

3.1. Co sé ly thuyét

3.2. Phwong phap luan

3.3. M6 phéng va két qua
3.3.1. Tim gia tri N¢, tét nhat

Ham muc tiéu Iy tuong O (r) dugc mo ta trong phuong trinh (3) va dugc
biéu dién & Hinh 3.1 theo ty 1¢ phan trim cta su thay d6i van toc truyén am.
Chi tiét hon, su thay ddi van tdc truyén am cua doi tuong (theo truc Z) 1a 30%
(ttre 1a sy thay doi van tdc truyén 4m cao, né ciing duge mo ta trong Bang 3.1),
va cac truc X, Y (tic 1 ving chia ludi) duoc chia thanh cac diém anh. Gia sir
d6i twong duoc dit ¢ tAm ving chia ludi va dugce dung dé ching minh quy
trinh khoi phyuc anh. Chung ta thu thap ham d6i tuong sir dung mét chudi cac
vong ldp. Sau do, sai sd giira anh khoi phuc va anh gbc trong ting vong lap
duogc tinh toan. Gia st m 1 anh gdc c6 kich thude VXW (tirc 1a ham muc tiéu
Iy tuong) va m 1a anh khoi phuc. Li chuan héa c6 thé duoc dinh nghia nhu

sau.

<

1

VXWI

W mi' _ml'
21 ]
=

&€= (3.3)

I

Ldi chuin hoa cua phuong phap DF-DBIM & cac vong lip twong ung
voi cac gia tri N¢ khac nhau trong céc kich ban 1, 2, 3, va 4 dugec mo ta tuong
ung trong Hinh 3.2, 3.3, 3.4, va 3.5. Bang 3.3 biéu thi 16i & cac kich ban tuong
tmg v6i moi gia tri N¢, sau Njeer VONg 13p. Dya vao cac két qua md phong, gia

tri N¢, phu thugc vao s lugng N, va N,.. Néu N¢ va Ny nho, N, s& 16n va két qua
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chi phy thugc vao f; (nhu dugc bieu thi trong Hinh 3.3, N¢, = 6); khi N, va N,
16n, két qua chi phy thudc vao f, (nhu duge biéu thi trong Hinh 3.2, N¢, = 1).
Trong trudng hop ndy, hiéu suit phuong phap két hop tan sd khong tot hon
phuong phép str dung mot tan sd. Trong thuc té, khi NyxN; 16n hon NxN, s
phuong trinh s€ 16n hon sb bién, va su hoi tu cua giai thuat DF-DBIM duoc
dam bao. Trong trudng hop nhu vay, chi c6 tan s cao f, lam cho hiéu sudt tot
hon. Trong trudng hop nguoc lai, NexN, nho hon NxN, s6 phuong trinh s& nho
hon sd bién; sy hoi tu cua giai thuat DF-DBIM co6 thé dat duoc bﬁng viéc chi
sir dung tan so thap fi. Néu N; va N, 1a cac gia tri trung binh (ttc 1a trong kich
ban 3, 4), N, c6 thé dugc lya chon dé khai théc ca hai tan so fy va fo. Chlng ta
thy rang, giai thuat DF-DBIM chi thuc su c6 ¥ nghia véi cac gia tri trung binh
ctia N va N; (nhu duoc biéu thi trong Hinh 3.4, 3.5, v6i N¢,=4). Do do, t6i chon
kich ban 3 dé tiép tuc nghién ciru khao sat (tirc 1a s6 may phat va may thu bang

mot nira sO bién).

Do tuong phdn am (%)

S& diém dnh

S8 diém dnh

Hinh 3.1. Ham muc tiéu ly twong (N = 22)
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Bang 3.3. L4i & céc kich ban tuong tng v6i mdi gia tri N, sau tong s6 8

vong lap
N
N 2 3 4 5 6 7
Loi
Kich
0.0049 |0.0081 |0.0098 |0.0169 |0.0284 |0.0514 |0.1537
ban 1
Kich
0.3420 | 0.3266 |0.3268 | 0.3273 | 0.3260 | 0.3248 | 0.3364
ban 2
Kich
0.2510 | 0.1980 |0.1847 |0.1800 |0.1810 |0.1863 | 0.2402
ban 3
Kich
ban 4 0.1544 |0.1061 |0.0984 |0.0970 |0.1078 |0.1235 | 0.2013
an

0.4

o
w

o
w

o
N
3

-8l g 3
Lo6i chuan héa
o
N

o
=
(53]

NN

S6 vong lip

Hinh 3.2. Ldi chudn hoa cua gidgi thugt DF-DBIM qua cac vong ldp firong

ung vai cac gia tri N, khac nhau trong kich ban 1
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Hinh 3.5. Ldi chudn hoa cua gidi thugt DF-DBIM qua cac vong ldap firong

ung vai cac gia tri N, khac nhau trong kich ban 4

3.3.2. M6 phéng DBIM va DF-DBIM

Trong kich ban 3, Nj, duoc thiét 1ap 1a 8 va gia tri vong 1ap tot nhat
tuong Ung véi tan so dau tién 1a N¢, = Niter/2 (bang 4). Trong thuc té, cac thi
nghiém md phong ciing di dugc thyc hién véi cic tham sd dau vao khac nhau
(ké ca gia tri Ny, trung binh) va két qua thu dugc di chung to rang gia tri
vong lap tot nhat twong tng véi tan sd dau tién 1 Ny, /2. Pidu nay ciing khong
dang ngac nhién vi khi 1am viéc chil yéu véi fi (N¢ : tién gan dén Nje, VA N, tién
gan dén 1), giai thuat s& nhanh chong hoi tu nhung d6 chinh xac thip; trong khi
v6i f; (thi N, tién gan dén Njeer Va N, tién gan dén 1), nguoc lai, giai thuat s&
cho d6 chinh xac cao nhung tbc d6 hoi tu thﬁp. Do vay, theo logic, ta lya chon
gia tri N¢ s€ 1a sy thoa hiép giira N¢ va Ng , tirc 1a Ng = [Nje,/2].

Két qua khoi phuc & ba kich ban khac nhau sau 8 vong lap dugc biéu thi
trong Hinh 3.6 va 3.7. Ta thay rang, chit luong khoi phuc ham muc tiéu 1y
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tudng voi tan sb fi tot hon khi str dung voi tan sb o sau vong lap 1, 2, 3 va 4.
C6 sy khac biét 1 rang giita cac két qua sir dung k§ thuat két hop hai tan s, so
v6i khi chi st dung mdt tan s6, dugc biéu thi trong cac vong lap tur 5 dén 8. Toc
d6 hoi tu cua giai phap két hop tan sb d& dang quan sat so v6i giai phap don tan
trong Hinh 3.3. Tom lai, két qua cta phuong phap dé xuat gan véi ham muc
tiéu 1y tudong hon so voi phuong phép truyén thong.

Hinh 3.8 va 3.10 trinh bay hiéu suét 15i chuan hoa ctia ba giai phap khac
nhau (st dung fi, str dung 5, va két hop fi&f,) trong hai kich ban 3 va 4 dé
chting minh hiéu qua cua phuong phép dé xuat. Ta thiy rang, 16i chuan hoa
giam 67.6% so v6i phuong phap DBIM truyén théng sir dung mét tan sb. Day
cling 1a mot thuc té rang, giai phap két hop hai tan sd co thé tan dung duoc céc
tan sb thép va cao. N6 cho tdc d6 hoi tu tot hon va 16i chuén hoa giam. Mat cat
doc ham khoi phuc trong kich ban 3, 4 dugc biéu dién trong Hinh 3.9 va 3.11
(cu thé 13, ham muc tiéu Iy tudng, ham khoi phuc str dung f1, ham khoi phuc sir
dung f, va ham khoi phuc st dung két hop f1 va f,). Hai hinh nay cho ta théy
rang, giai phap dé xuat (f1&F,) cho két qua tot nhat.

Quy trinh thuc thi DF-DBIM duoc trinh bay trong Hinh 3.12. Gia st rang
s6 diém anh cta ham muc tiéu 1y tuong (N) va tong sé vong 13p (Niger) duoc
cho trude. So do trong Hinh 3.12 bat dau bang viéc khei tao 3 tham s6 0y, P,
van (0, = 0o; D, = P ; n = 0). Ngoai ra, N, N, cling dugc chon sao cho né
nhé hon N2 (cac diém anh ciia ham muc tiéu 1y tudng) (trong trudng hop tot
nhat, NN, = 0.5 N?). Sau d6, quy trinh dé xuat dugc chia lam hai giai doan.
Giai doan thit nhat duoc thuc hién véi DBIM tir vong lap 1 dén vong lap
[Niter/2], st dung tan s6 thap fi. Giai doan thtr hai dugc thuc hién voi DBIM
tir vong 13p [Nier/2 + 1] dén vong 1p Njier, str dung tan sd cao fr. Két qua dau

ra cua quy trinh 1a ham khoéi phuc sau Nj;e, vOng lap.
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Phwong
phap
'Vong lap

DBIM — Sir dung f; DBIM — Sir dung f> DBIM — Sir dung f1&F,

Hinh 3.6. Két qud khdi phuc cia cac gidi phap khac nhau & cac vong lap tir 1
den 4
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Hinh 3.12. So do dé xudt quy trinh gidi thudt DF-DBIM

3.4. Két luan chwong 3

Néu quy trinh tao anh siéu am cat 16p dugc chia thanh cac giai doan (a.
Thiét 1ap cu hinh do; b. Phét tin hiéu siéu &m; c. Thu dit liéu tan xa; d. Khoi
phuc anh (giai hé phuong trinh bat dinh); e. Hién thi anh), thi giai thuat dé xuat
DF-DBIM duogc tng dung vao cong doan khoi phuc anh. Phuong phap DF-
DBIM cai thién cai thién duoc cac yéu td sau: 1. Téc d6 hdi tu; 2. Po phan giai
anh khoi phuc; 3. Tao anh dugc trong mién tan xa manh; 4. Tao anh dugc dbi

tuong ¢ cap do mo sinh hoc.



Trong chuong nay, tdi da phan tich anh hudng cua phuong phap két hop
hai tin sd dén chét luong chup anh siéu am cat 16p dua vao sy thay doi van tdc
truyén am. Trong thuc té, chat lugng khoi phuc phu thudc vao nhiéu tham sd
nhu sb may phat va may thu, ving chia ludi, mirc ¢ nhiéu, s6 vong lip va cac
tan s6. Bang viéc thiét 1ap cac han ché trong cac kich ban mo phong dé diéu
khién chi phi tinh toan, sb vong 1ap N¢, duoc xac dinh dé thu duoc hiéu sut tot
nhit. Giai thuat DF-DBIM chi c¢6 ¥ nghia trong truong hop sé vong lap, sé may
thu, may phat 1a trung binh. Néu s6 may phat va may thu qué 16n hay qua nho,
giai thuat DF-DBIM khong cho két qua khoi phuc tot hon, so voi giai phép sir
dung mot tan s6. Dua vao su quan sat nay, t6i da lya chon mot s6 kich ban thuc
té dé phan tich su hon. Véi c4c kich ban nay, gié tri N¢, tot nhat 1a Nied/2 (mot
ntra ctia tong s vong lap), né lam cho 16i chudn hoa giam 67.6%, so v6i phuong
phap truyén thong. Cong trinh ndy s& dugc phat trién hon nira boi viée str dung
dir liéu thuc nghiém, truéc khi nd co thé dugc tmg dung trong thuc té. Cong
trinh céng bd lién quan cta nghién ctru sinh trong chuong nay 1a cong trinh sb
3.

Mic du phuong phap DF-DBIM c6 nhiéu uu diém nhu viée cai thién: a)
Toc do hoi tu; b) PO phan giai anh khoi phuc; ¢) Tao anh dugc trong mién tan
xa manh; d) Phuong phap nay c6 thé cho phép tao anh dugc cac ddi tuong &
cép d6 mo sinh hoc. Hiéu suit khoi phuc méi chi dat & mirc dao dong khoang
90%. Tuy nhién, mot s6 yéu diém cta phuong phap nay c6 thé ké dén nhu: van
con xuat hién dang ké nhiéu nén; viéc luu trit va xir Iy nhiéu tap dir liéu do. Gan
day, k¥ thuat 14y mau nén budc dau da duoc ap dung trong tao anh siéu am cit
16p va hiéu suat khoi phuc anh ctia phuong phap nay cé thé dat dén mic 97%
va nhiéu nén gan nhu khong ton tai khi str dung phuwong phép nay. Tuy nhién,

phuong phap hién tai tmg dung k¥ thuat 1dy mau nén ngau nhién, né s& 1am cho
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viéc thuc thi phan ctmg trd nén kho khin. Boi vy, trong chuong 4, toi sé tiép
tuc nghién ctru giai thuat iy mu nén gia ngiu nhién nham tiép tuc nang cao

hiéu suat khoi phuc anh siéu am cat 16p (tir 90% 1én dén c& 97%).
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CHUONG 4: THUAT TOAN LAY MAU NEN DUNG TRONG
TAO ANH SIEU AM CAT LOP

4.1. Co sé Iy thuyét

4.2. Ky thuat 1y miu nén ngiu nhién

4.3. Ky thuat lay miu nén gia ngau nhién

4.4. Phuwong phap Lip vi phian Born két hop véi ki thuit 1y miu nén gia

ngiu nhién

4.5. M phéng sb

Tan s6 song toi, f = IMHz, dugc lya chon tur két qua thuc nghi€m trudce
[45]. Chung ta biét rang, toc do hoi clia ciia phuong phap DCS-DBIM phuy thudc
vao sai s6 khéi phuc cho phép. Néu sai s6 16n, tdc d6 hoi tu s& nhanh; n6 s& lam
cham qua trinh khoi phuc anh khi sai s6 nhé di. Trong bat ky trudng hop nao,
sau mot vai vong lip, 15i chuan hoa s& dat dén mot mic thém. Néu ching ta
mudn 1am giam gia tri thém nay, sy bién dang cho phép cua anh khéi phuc
trong giai thuat |y phai giam di. Piéu nay s& lam cho quy trinh tinh toan phirc
tap hon va két qua 13 thoi gian tao anh sé& kéo dai.

Téc d6 lan truyén thyc ctia song siéu am trong mdi truong va phu nit nam
trong khoang tir 1350 m/s dén 1600 m/s (trong méi trudng nén khoang 1484
m/s) [33], tirc 13, d6 chénh léch toc d6 lan truyén trong va phu nit nam trong
khoang ttr 0% dén 15.6%. Do do, trong luan an nay, toi lya chon do chénh 1éch
tbc do lan truyén 5% 1a hop 1y.

Han ché chu yéu cua phuong phap DBIM 14 van dé phan ky s& xay ra khi
Ap > T, trong d6 Ag = 2w (% - é) R [67]. Do d6, tin sb séng toi phai thoa

Co
2d X %Ac’

man f <
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Dua trén cac phan tich trén, trong kich ban moé phdong, t0i lua chon cac
tham s6 mo phong nhu sau: Tan s6 f = 1 MHz; Tong s6 vong 1ap Neym = 8; N =
21 (ttrc 13, s6 bién = N2 = 21x21 = 441); Pudng kinh ddi twong = 7.3 mm; Su
thay doi van tdc truyén 4m 5%; Ty sb tin hiéu trén nhidu SNR =20 dB; Khoéng
cach tir may phat, may thu dén tdm ddi twong 1a 100 mm. Chuong trinh mé
phong sé duoc sir dung 1a Matlab chay trén may PC cd ciu hinh 12 Bo xt ly
Intel core i3 va RAM 2 GB.

4.5.1. Panh gia hi¢u suat ciia phwong phap DCS-DBIM va DBIM

Hinh 4.3 biéu thi ham muc tiéu 1y tuong O(r) nhu dugc mo ta trong
phuong trinh (4). Péi tuong dugc dit tai tAm ving chia ludi véi cac truc X va
Y duoc chia theo cac diém anh. Hinh 4.4 biéu dién c4u hinh do truyén théng
gdm vi tri cic may phat dugc bd tri tuyén tinh trong truong hop N; = N, = 22,
Hinh 4.5 biéu dién biéu dd vi tri cic may thu b tri tuyén tinh xung quanh vong
tron trong trudong hop Ny = 22. Hinh 4.6 biéu thi cau hinh do dé xuat gom vi tri
cac may phat duoc bd tri tuyén tinh va vi tri cic mdy thu duoc bd tri theo

phuong phap 1dy mau nén gia ngau nhién (DCS) trong trudng hop N = N, = 16.
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Hinh 4.3. Ham muc tiéu ly tuong (N = 21)

T . ’ 1 T ;
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Hinh 4.4. C4u hinh do truyén théng: Vi tri cac may phat va may thu
duoc bé tri tuyén tinh (Ny = N, = 20, r = 0.826)
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Hinh 4.5. Biéu d6 vi tri cac may thu bb tri tuyén tinh xung quanh vong
tron (N, = 20)
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Hinh 4.6. C4u hinh do dé xuat: Vi tri cac may phat duoc bé tri tuyén tinh
va may thu duoc bé tri kiéu DCS (N = N, = 16, r = 0.581)

27



4

3.5

w

2.5

15
1
-
0O 50 100 150 200 250 300 SéO

Hinh 4.7. Biéu d6 vi tri cac mdy thu bd tri kiéu DCS xung quanh vong
tron (N, = 16)

Hinh 4.7 biéu thi biéu dd vi tri cac may thu bé tri kiéu DCS xung quanh vong tron

N

(6]

trong truong hop Nr = 16.

Pé dinh luong dugc tinh hiéu qua cua phuong phap dé xuat, toi thu thap
ham muc tiéu ly twong thdng qua cac vong lap. Sau do, sai s6 & anh khéi phuc
dugc xac dinh va so sanh véi anh gdc & ting vong lap. Gia sir rang m 1a anh
goc co kich thuéc VxW (tic 1a ham muc tiéu ly tuong) va # 1a anh khoi phyc.
Ldi chuan héa dugc tinh toan sir dung cong thuc (3.3).

Bang 4.1 biéu thi 18i chuan héa va thoi gian tao anh ctia phuong phap
DBIM va DCS-DBIM qua cac vong lap v6i sb may phat (N) va may thu (N;)
khac nhau. Tir cac két qua mo phong ndy, ching ta c6 thé quan sat rang, sau
Nsum vOng lap, trong mot sb truong hop, thoi gian tao anh ciia phuong phap
DCS-DBIM kha 16n hon so vo1 phuong phap DBIM. Céi gid phai tra cho vige
thue thi d& dang va phan ctng it phtc tap hon cua giai phap méi DCS-DBIM
chinh 14 thoi gian tao anh dai so v6i ki thuat truyén thong; tuy nhién, trong tao

anh si€u am, k¥ thuat xir Iy hang loat (batch processing) s€ chi kéo dai vai phut,
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do do, thot gian tao anh kéo dai ctia phuong phap DCS-DBIM anh hudéng khong
dang ké so véi tinh hiéu qua ctiia phuong phap nay trong thuc té.

Vi 18i chuan hoa sau Neym vong lip, chat luong khoi phuc anh ctia phuong
phap DCS-DBIM kém hon phuong phap DBIM khi < 0.5 va tot hon dang ké
so v&i phwong phap truyén thong khi r > 0.5. Trong truong hop r < 0.5, mic
du chat lvgng khoi phuc anh khong t6t bang phuong phap truyén thdng, nhung
n6 van khoi phuc thanh cdng ham muc tiéu Iy twong khi r rat nhé (trong trudng
hop r = 0.082 va 0.145). Trong khi d6, phuong phap truyén théng khong thé
khoi phuc dugc ham muc tiéu ly tudong (tac 1a NaN trong Bang 4.1). Trong
truong hop r > 0.5, chat luong khéi phuc cta phuong phap dé xuat tét hon
nhiéu so véi phuong phap truyén théng. Toi tap trung xem xét trudng hop kha
dung trong thuc té ma no cho hiéu suat tét nhat véi mot luong nho phép do. Do
d6, t6i quan tam dén truong hop r = 0.735 (tic 1a 324 phép do). Trong truong
hop nay, phuong phap dé xuat cho hiéu suat tot hon nhiéu so véi phuong phap
truyén théng nhu duge thé hién trong Hinh 4.8. Tom tai, cac két qua mo phong
da ching minh rang, phuong phap DCS-DBIM la mét cong cu khoi phuc anh
chat luong cao rit manh. Day thuc sy 1a mot giai phap hira hen trong cac img

dung thuc té cia cong nghé tao anh y sinh hién dai.
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0.3

Hiéu sud't khoi phuc thanh cong

0. —— DBIM véi 324 phép do
=0-= DCS-DBIM vdi 324 phép do

1 2 3 4 5 & 1 8
S6 vong lip
Hinh 4.8. So sanh hiéu suat khoi phuc thanh céng ctia phuong phap

truyén thong va phuong phap dé xuat

Hinh 4.9 trinh bay 15i chuan héa theo vong lap sir dung phwong phap DCS-
DBIM (trong trudng hop N; = N; = 16, tirc 1a s6 phép do = 16x16 = 256) so voi
phuong phap DBIM truyén thong (trong trudng hop Ni = N, =22, tirc 1 s6 phép
do = 22x22 = 484). Mic du s6 phép do cta phuong phap DCS-DBIM xap xi
bang mot nira s6 phép do duoc sir dung trong phuong phap DBIM, ca hai
phuong phap déu cho chat lwvgng khoi phuc anh twong duwong sau budc lip thi
6. Voi cung 18i chudn hoa, trong phuong phap DCS-DBIM, t6i chi can 3 vong
lap; trong khi d0, trong phuong phap DBIM, t6i can 6 vong lip. Do d6, trong
kich ban nay, khi sir dung phuwong phap dé xuat, tdi tiét kiém duoc mot nira sb

phép do va sb vong lap. Hinh 4.10 ciing chi ra rang, phuong phap dé xuat cho
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hiéu sudt rat tot (véi 400 phép do), so voi phuong phap truyén thdng (900 phép

do). Nhu da dugc dé cap o trén, thoi gian tao anh 16n hon nhiéu phuong phap
truyén thng.

Hinh 4.12 va 4.13 biéu thij cac két qua khéi phuc cua phuong phap DBIM
va DCS-DBIM ¢ céc vong lap tir 1 dén 8 trong truong hop Ny = N, = 16 (tac 1a
r =0.581). Ta c6 thé théy ré“tng, tdc do hoi tu dat duoc rat nhanh khi st dung
phuong phap DCS-DBIM, chi sau mdt vai vong lip dau tién va khong bi anh
huong nhiéu bai nhidu. Nguoc lai, phuong phap DBIM c6 téc d6 hoi tu rat thap

va bi anh hudng nhiéu boi nhidu. Diéu d6 chimg té rang, phuong phap dé xuét
cho chat lugng tot hon nhiéu phuong phap truyén thong.

0.5 F L L L L L L '
o) —8— DCS-DBIM véi 256 phép do
0.45% 7
\ ==©-= DBIM vdi 484 phép do
\
04 [ ‘\ 7
)
\
\
0.35- \ 1
< \
2 \
= 0.3r- \ A
¢ ‘
v} 1
2 \
S 025+~ \ -
1;3‘ \
0.2 0‘\ .
005 C r r r r r r I
1 2 3 4 5 6 7 8
S& vong lip

Hinh 4.9. So sanh 16i chuan hoa ctia phwong phép truyén théng (484
phép do) va phuong phap dé xuat (256 phép do)
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Hinh 4.10. So sanh 18i chudn héa ctia phuong phap truyén théng (900
phép do) va phuong phap dé xuat (400 phép do)

4.5.2. Panh gia hi¢u suit ctia phwong phap DCS-DBIM va CS-DBIM

Trong phan nay, tdi thao luén va so sanh hiéu suat ctia phuong phap DCS-
DBIM va DBIM. Cu thé 13 so sanh hiéu sut cua cac phuwong phap DCS-DBIM
va CS-DBIM.

Trong Hinh 4.11, ching ta thdy rang, hiéu suit caa phuong phap DCS-
DBIM hau nhu tuong ty véi phuong phap CS-DBIM.
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Hinh 4.11. So sanh 18i chudn hoa cta phuong phap CS-DBIM va DCS-
DBIM vdi céc ty sé nén khac nhau
Céc két qua md phong s6 kha phu hop véi cong trinh nghién ciru trude
day vé k¥ thuat 14y mau nén gia ngiu nhién [55]. Hon nira, viéc thuc thi k§
thuat ldy mau nén dya trén viéc ldy miu ngiu nhién, nghia 1a cac dau do s&
phan bd ngiu nhién trén hé do. Cau triic ngiu nhién nay dan dén viéc thuc thi
phan cting phirc tap. Néu ching ta ap dung k¥ thuat 1y mau nén gia ngu nhién,
k¥ thuat nay s dung hé gia ngiu nhién phi tuyén va hoat dong giéng nhu hé
ngau nhién [43], nén viéc thyc thi phan cimg cdu tric gia ngau nhién s& don
gian hon nhiéu so véi cau triic ngau nhién. Chu ¥ rang, viéc khoi phuc chinh
xé4c boi ky thuat 1dy mau nén gia ngu nhién cling dugc dam bao nhu ddi véi

k¥ thuét 1dy mau nén thong thuong.
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Hinh 4.12. Két qua khéi phuc cta phuong phap DBIM va DCS-DBIM & cac
vong lap tir 1 dén 4 trong trudong hop Ny = N, = 16, r = 0.581

Number of pixels

8 10 12 14 16 18
Number of pixels

..
8 10 12 14 16 18 2 4

Number of pixels

Number of pixels

6 8 10 12 14 15 18
Number of pixels

(f) ) (h)
Hinh 4.13. Két qua khoi phuc cta phuong phap DBIM va DCS-DBIM & cac
vong lap tir 5 dén 8 trong trudng hop Ny = N, = 16, r = 0.581
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05<r«<i1

v

Thiét ldp cau hinh do tat
dinh

.

n=n+1

v
DCS-DBIM

BPing

Sai

Hinh 4.14. Biéu d6 quy trinh tao anh ctia phuong phap DCS-DBIM dé xuat

Quy trinh thyc thi cua gidi thuat DCS-DBIM dugc trinh bay trong Hinh
4.14. Gia st rang, s6 diém anh ctia ham muc tiéu ly tuong (N) va tong s6 vong
1ap (N;zer) duoc cho trude. Biéu d6 ¢ Hinh 4.14 bat dau bang viéc khoi tao 3

—inc

tham s6 0y, p,, van (0, = 0p; D, = P ; n = 0). Ngoai ra, N;N, ciing duoc
lya chon dé n6 nho hon N2(diém anh cua ham muc tiéu Iy tudng) (trong truong
hop tot nhat, 0.5 < r < 1). Sau d6, t6i thiét 1ap cau hinh do gia ngiu nhién dya
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Bang 4.1. Ldi chuan héa va thoi gian tao anh ctia phwong phap DBIM va

DCS-DBIM thdng qua cac vong lap vaéi N; va N, khac nhau

S6 may phat o
(Ny) va may Fhurong L&i chudn hoa tir vong lap 1 dén 8 Thor gla.rj 120
th (NY phap anh (giay)
Ne= N =6 DBIM 0.8682 0.8438 NaN NaN NaN NaN NaN NaN 69.692787
=Ny =
(r =0.082) E;fl\-ﬂ 1.2077 1.2102 1.2105 1.2105 1.2105 1.2105 1.2105 1.2105 42.139530
Ne= Ny = 8 DBIM 0.7964 0.7515 0.7490 0.7489 0.7489 NaN NaN NaN 61.308944
(r =0.145) E;ISI\-/I 1.1587 1.1718 1.1721 1.1721 1.1721 11721 11721 1.1721 47.157182
Ne= No = 10 DBIM 0.7305 0.6811 0.6779 0.6772 0.6771 0.6770 0.6770 0.6770 40.428921
(r =0.227) z(B:ISI\-/I 11123 1.1224 1.1226 1.1226 1.1226 1.1226 1.1226 1.1226 53.017146
Ne= No = 12 DBIM 0.6808 0.6140 0.6083 0.6073 0.6070 0.6069 0.6069 0.6069 48.419012
(r =0.327) z(B:ISI\-/I 0.8834 0.8945 0.8950 0.8950 0.8950 0.8950 0.8950 0.8950 63.057426
Ne= N. = 14 DBIM 0.9367 0.6457 0.5824 0.5547 0.5398 0.5308 0.5254 0.5218 55.754608
(r =0.444) z(B:ISI\-/I 0.7025 0.7084 0.7085 0.7085 0.7085 0.7085 0.7085 0.7085 90.422976
Ne= N = 16 DBIM 0.5272 0.4629 0.4585 0.4576 0.4572 0.4570 0.4570 0.4570 66.137258
=Ny =
(r=0.581) E(B:ISI\-/I 0.1604 0.1078 0.1082 0.1082 0.1082 0.1082 0.1082 0.1082 185.779095
Ne= Ny = 18 DBIM 0.8196 0.5734 0.4919 0.4480 0.4176 0.3948 0.3773 0.3632 77.524221
(r =0.735) E(BZISI\-/I 0.1240 0.0342 0.0338 0.0337 0.0337 0.0337 0.0337 0.0337 251.473327
Ne= Ne = 20 DBIM 0.4749 0.2760 0.2356 0.2225 0.2158 0.2115 0.2086 0.2066 94.343578
(r =0.907) ECB:ISI\-/I 0.2243 0.0689 0.0672 0.0670 0.0670 0.0669 0.0668 0.0668 237.118941
Ne= Ny = 22 DBIM 0.4604 0.2106 0.1598 0.1353 0.1209 0.1110 0.1036 0.0973 112.128716
(r = 1.098) E;?l\-/l 0.3255 0.0777 0.0729 0.0724 0.0723 0.0721 0.0719 0.0718 234.584982
Ne= N, = 24 DBIM 0.5754 0.2832 0.1321 0.0942 0.0725 0.0641 0.0534 0.0632 125.724742
=Ny =
(r = 1.306) E;ISI\-/I 0.3870 0.0310 0.0197 0.0192 0.0190 0.0188 0.0186 0.0184 225.159681
Nt = Nr =26 DBIM 0.5545 0.1933 0.1141 0.0846 0.0685 0.0585 0.0516 0.0464 144.661175

36




(r=1333) iETM 0.1768 0.0129 0.0066 0.0064 0.0064 0.0064 0.0064 0.0064 201.250795
Ne= N. = 28 DBIM 0.4905 0.1680 0.0858 0.0570 0.0417 0.0329 0.0271 0.0229 170.032561
(r=1.778) i(B:ISM 0.1338 0.0080 0.0031 0.0030 0.0029 0.0029 0.0029 0.0029 238.488285
Ne= N. = 30 DBIM 0.5971 0.3079 0.2179 0.1602 0.1215 0.0948 0.0764 0.0633 212.923908
(r =2.041) i(B:ISM 0.1466 0.0062 0.0022 0.0022 0.0022 0.0022 0.0022 0.0022 263.288455

Bang 4.2. Thoi gian tao anh ctia phuong phap DBIM va DCS-DBIM sau

8 vong lap voi sé phép do khéac nhau

So
phép 100 144 196 256 324 400 484 576 676 784 900
do
DBIM | 40.4289 48.419 55.754 66.137 | 77.5242 | 94.3435 112.12 125.72 144.66 170.03 212.92
(giay) 21 012 608 258 21 78 8716 4742 1175 2561 3908
DCS-
DBIM 53.0171 63.057 90.422 185.77 | 251.473 | 237.118 234.58 225.15 201.25 238.48 263.28
o~ 46 426 976 9095 327 941 4982 9681 0795 8285 8455
(giay)
Thoi
) 19.13
gian 23.74% 2321% | 38.34% | 64.40% | 69.17% | 60.21% 52.20% | 44.16% | 28.12% | 28.70% 7
(4
tang
Béang 4.3. Loi chuan hoa cuia phuong phap DBIM va DCS-DBIM sau 8
vong lap vai so phép do khac nhau
So phép
; 100 144 196 256 324 400 484 576 676 784 900
(]
DBIM 0.6770 | 0.6069 | 0.5218 04570 | 0.3632 0.2066 0.0973 0.0632 0.0464 | 0.0229 0.0633
DCS-
DBIM 1.1226 | 0.8950 | 0.7085 0.1082 0.0337 0.0668 0.0718 0.0184 0.0064 | 0.0029 0.0022
i
. 39.69 32.19 26.35 76.32 90.72 67.67 26.21 70.89 86.21 87.34 96.52
giam/tan
% % % % % % % % % % %
g
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trén bo loc gia ngau nhién. Tiép theo, giai thuat DCS-DBIM dugc sir dung dé
khdi phuc ham muc tiéu trong Nsum vONg lap. Két qua dau ra caa quy trinh Ia
ham khoi phuc sau N;;,, vong lap.
4.6. Két luan chuwong 4

Néu quy trinh tao anh siéu am cét 16p dugc chia thanh cac giai doan (a.
Thiét 1ap cau hinh do; b. Phét tin hiéu siéu &m; c. Thu dit liéu tan xa; d. Khoi
phuc anh (giai hé phuong trinh bat dinh); e. Hién thj anh), thi giai thuat dé xuat
DCS-DBIM dugc tng dung Vao cong doan thiét 1ap cau hinh do va khéi phuc
anh. Phuong phap DCS-DBIM cii thién duoc cac yéu té sau: 1. Tdc do hoi tu
(16n hon nhiéu so voi phuong phap DF-DBIM); 2. Giam manh s6 phép do; 3.
Thuc thi phan cing.

Dua trén 1y thuyét tan xa nguoc, phwong phap DBIM duoc biét dén 1a giai
phép tao anh dinh luong rat pho bién trong viéc phat hién cac dbi twong rat nho
thong qua thudc tinh co hoc cua nd. Ky thuat 14y mau nén gia ngiu nhién 1a
mot giai phap htra hen trong viée thuc thi phan ctg kha thi trong cac tmg dung
thuc té. Ludn an nay da nghién ctru ap dung thanh cong k§y thuat DCS dé thiét
1ap cdu hinh do cho phuong phap DBIM, va sau d6, ham muc tiéu duoc khoi
phuc st dung bai toan binh phuwong nho nhat |; dé cai thién chét luong khoi
phuc anh. Phuong phép nay ciing cho phép thiét 1ap don gian hon so véi cac
phuong phéap khac. Cac kich ban mé phong khéi phuc sy thay ddi véan toc truyén
am duoc thyc hién dé chimg minh hiéu suat rat tot ctia phuong phap ndy. Cac
két qua nay da chi ra rang, nhitng vu diém ctia phuong phap mdi nay sé& dong
gop gia tri cho tmg dung thuc tién. Cong trinh cong bd lién quan ciia nghién
ctru sinh trong chuong nay 14 cong trinh s6 5.

Déi v6i muc dich tao anh trong thuc té, viéc khoi phuc anh ba chiéu (3D)

c6 thé duoc thuc hién b::ing viéc st dung nhiéu 14t cat 2D tai nhiéu vi tri trén
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truc Z; cac dau ra dugc xur 1y riéng 1¢ va sau d6 ching duoc két hop véi nhau
dé tao anh 3D [17]. Do d6, van dé cdt 16i 1a chiing ta can thu nhan céc 1at cat
2D that tét.

Vi cng nghé mang dau do hién nay, mot dau do co thé vira phat va thu
tin hiéu siéu am. Do d6, khi thiét 1ap cau hinh do thuc té, nd con phu thudc vao
y&u cau chit lugng tao anh, ching ta c6 thé sap xép cac dau do trén hé do sao
cho khoang céch gitra hai d¢au do c6 thé 1a 1 d6, 2 d9, ... Néu khoang cach giira
hai dau do 14 nho, ching ta cd thé sap xép nhiéu may phét va may thu trén hé
do, do @6, ching ta c6 thé khdi phuc duoc anh chat luogng cao (tac 1a mot sd
luong l6n cac diém anh trong viing quan tam); nguoc lai, néu khoang céch giira
hai dau do 16n, s6 may phat va may thu co thé bé tri trén hé do s& it. Do do,
ching ta cd thé khoi phuc anh c6 d6 phan giai thap. Bai vi s6 may phat va may
thu s& phai duoc lya chon trong dai cho phép dé khdi phuc anh du tét, tuc 1a
0.5 <7< 1. Tuy nhién, dé hop 1y hon, chung ta nén sap xép ciu hinh do dé
khoang cach giira hai dau do 1a nho, khoang 1 do. Véi su thiét 1ap nay, khi
chiing ta tao chudi gia ngau nhién DCS, cac chi sé cia chudi nay s& tuong Gng
véi cac vi tri dau do trén hé do. Piéu nay s& tao ra mot hé tya ngau nhién, va
do d6 dam bao diéu kién khéi phuc trong ky thuat 1ay mau nén [10], [14]. Viéc
thiét 1ap nay khong lam cho qua trinh tao anh thém phuc tap. Trong thyc té,
khdng phai tat ca dau do trong hé do lam viéc, chi cac dau do co chi sé tring
véi cac chi sé caa chudi gia ngau nhién. Do d6, khdi lwong tinh toan chi phu

thudc vao sé dau do hoat dong trén hé do.
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KET LUAN
A. Céac két qua caa luan an

Chup anh siéu am cat 16p 1a ki thuat c6 nhiéu tiém nang ung dung; si
dung ki thuat tan xa nguoc nén co thé phét hién duoc céc u co kich thudc nho
hon budc song. Tuy nhién do stir dung k¥ thuat tdn xa ngugc nén co do phuc
tap tinh toan rat Ion, 1 rao can 16n dé thuong mai hoa thiét bi st dung cong
nghé nay.

Trong phuong phap DBIM, da c6 nhiéu céng trinh cong bb vé DBIM,
hai trong nhiéu céng trinh ma dugc nhiéu nha nghién ctru quan tam, dé 1a: (a)
K3 thuat két hop tan s, tuy nhién, ky thuat ndy chua dé cap dén budc nhay can
thiét tir tan s6 thap sang tan s6 cao (tham s6 nay anh huéng dén chat lugng toan
bo hé théng); (b) K§ thuat 1dy mau nén ngau nhién, tuy nhién viéc thyuc thi phan
cting khé kho khan vi cau hinh do 1a ngau nhién.

Luan 4n dé xuat 02 thuat toan xu ly tin hiéu tién tién nham giai quyét cac
han ché caa cac phuong phép hién tai:

K§ thuat két hop tan sé ti wu: K thuat nay phan tich anh hudng viéc
két hop tan sd va dé xuat cong thic tinh budc nhay tan s toi wu tir tan sé thap
sang tan s cao. T6i da phan tich anh huong cua phuong phap két hop hai tan
s6 dén chat luong chup anh siéu &m cat 16p dua vao sy thay doi van tc truyén
am. Giai thuat DF-DBIM chi c6 ¥ nghia trong truong hop sb vong lap, s may
thu, may phat Ia trung binh. Néu sé may phat va may thu qua Ién hay qua nho,
giai thuat DF-DBIM khong cho két qua khdi phuc tét hon, so véi giai phap st
dung mot tan sé. Két qua 13, gi tri Ng tét nhat 12 Nie/2, dé xuat nay 1am cho
15i chuan héa giam 67.6%, so vai phuong phap truyén thong (hiéu suat khoi
phuc anh c6 thé dat dén 90%). Két qua nghién ciu vé k¥ thuat nay da duoc

nghién ciu sinh cong bo & cong trinh s6 3.
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K§ thuat 1dy mau nén gia ngau nhién: Ky thuat ndy dé xuét cau hinh do
gia ngau nhién két hop véi giai thuat khdi phuc tin hiéu thua kha nén. Toi da
nghién ciu ap dung thanh cong ki thuat DCS dé thiét 1ap cau hinh do cho
phuong phap DBIM, va sau d6, ham muc tiéu dugc khéi phuc sir dung giai
thuat khoi phuc thua Iy dé cai thién chat lugng khéi phuc anh. Phuong phap nay
cling cho phép thiét 1ap don gian hon so véi cac phuong phap khéc. Céc kich
ban md phong duoc thuc hién dé chitng minh hiéu suat rat tét caa phuong phap
nay (hiéu suat khéi phuc anh c6 thé dat dén 97%). Két qua nghién ctu vé ky

thuat nay da duoc nghién ctu sinh céng bé & cong trinh s6 5.

B. Huong phat trién ciaa luan an

Véi cdng nghé dau do hién nay va viéc sir dung ki thuat tao lat cat dé
bién d6i anh 3D thanh mot sé anh 2D, ching ta cd thé tao ra nhiéu anh It cat
tai cing mot thoi diém. Piéu nay s& 1am giam dang ké thoi gian tao anh cho
bénh nhan va lam cho k§ thuat chup anh siéu am cat 16p tro thanh mét cong cu
tao anh thai gian thuc. Dé thuc hién giai phap nay trong thuc té, trong khi van
giir duoc chi phi tinh todn & mitc d6 c6 thé chap nhan duoc, tdi xem xét hai kha
nang sau day: 1) T6i chi can mot hé do 2D; khi can tao anh céc lat cat khac
nhau, hé do sé& dich chuyén doc theo truc Z dé tao anh ¢ céc lat khac nhau. Tuy
nhién, diéu ndy s& mat nhiéu thoi gian va khi hé do dich chuyén sé& gay ra cac
sai s6 co hoc; 2) T6i thiét 1ap hé do theo hinh dang v phu nit; quéa trinh tao anh
& cac lat cit khac nhau s& dong thoi xay ra. Néu thuc hién nhu vay, ching ta c6
thé sap xép cac dau do ¢ cé4c lat cat khac nhau 1a khac nhau va thua thét? Néu
diéu nay co thé thyuc hién duoc, chi phi thiét 1ap s& giam thiéu dang ké. Pay c6

thé 1a van dé th( vi dé nghién ctu siu hon.
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K3 thuat két hop da tan s6 cho phép nang cao cho toc d6 hdi tu va quan
trong hon 1a cai thién do phan giai anh. Ky thuat nay ht:a hen 12 ¢6 thé tao anh
c6 d6 phan giai dén cap do co thé tao anh duoc cac mé sinh hoc. Tuy nhién,
khdi luong tinh toan va luu trir van dang 13 rao can dé co thé trién khai ung
dung rong rai trong thuc té. Van dé nay cé thé khac phuc bang viéc sir dung ky
thuat l4y mau nén gia ngau nhién két hop (DCS) véi ki thuat két hop da tan sd
(MF). That vay, giai phap nay van dam bao kha ning c6 thé tao anh duoc ¢ cap
d6 md sinh hoc, trong khi d6 c¢6 thé giam manh duoc khéi lugng tinh toén boi
vi s6 luong dau do can thiét cho hé tao anh giam thiéu dang ké (véi cing chét
luong tao anh, ky thuat lay mau nén gia ngau nhién chi can chwa dén mot nira
s6 dau do dung cho ky thuat két hop da tan s truyén thong). Giai phap nay da
duoc nghién cau sinh cling thay huéng dan budce dau nghién ciru va da cé mot
s6 két qua nhat dinh nhu dugc céng bd trong cong trinh s6 4. Tuy nhién, trudc
khi c6 thé trién khai tng dung trong thuc té, giai phap nay can duoc nghién cau
sdu hon vé c4c van dé: 1) Lya chon nGt chuyén tiép gitra cac tan sb; 2) Anh
huong d6 léch pha va su pha v diéu kién ciia phwong phap xap xi Born; 3) Mo
rong pham vi tng dung cua giai phap nay bén canh viéc phat hién sém cac u la

phuc vu chan doan sém ung thu va & phu ni.
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