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LOI CAM ON

Pugc su phan cong ciia Khoa Dién tir Vién thong - Truong Pai hoc Cong
nghé - Pai hoc Qubc gia Ha Noi va dugc sy dong y cua thay gidao huéng dan
PGS.TS Tran Puc Tan, t6i da thuc hién dé tai “Khéi phuc dnh siéu dm cit 1op
sit dung DBIM hé tro béi quyét dinh nguing”.

Lu4n van ndy 1a két qua 1am viéc cham chi ciing nhu nhimg y kién dong
g6p, chi din nhiét tinh cua thay hudng dan cua thay gido PGS.TS Tran Puc Tan.
T6i rat vinh hanh duoc 1am viée cung thiy gido huéng din. Do dic thu cong
viéc thuong xuyén phai di cong tac xa, vi¢c hoan thi¢n luan van phai kéo dai
thém thoi gian nhung da nhan duoc su chi bao tan tinh, chu déo ctua théy gido.

Toi ciing xin gii 151 cam on dén céac thay, co va ban bé trong trong 16p
K20-DTVT, bo mén Vi co dién tir va Vi hé théng, Khoa Dién tir - Vién thong,
Truong Pai hoc Cong nghé, Dai hoc Quéc gia Ha Noi da c6 nhitng nhan xét,
g6p ¥ quy bau trong qua trinh t61 hoan thién luan van.

Pay 1a dé tai toi day cong nghién ciru cing véi thdy hudng dan, vi vay, toi
hy vong rang, né s& 1a tai liéu bd ich cho nhitng ngudi quan tdm vé linh vuc nay.

T6i xin cam on ban be, ddng nghiép, nguoi than di cd vil, dong vién, gitp
do to1 hoan thanh luan van.

Ha Noi, ngay 01 thang 8 nam 2016

Hoc vién

Vii Hoang Tuin Hiép



LOI CAM DOAN

T61 xin cam doan day la cong trinh nghién ctru cua riéng té1 va duoc su
huéng dan khoa hoc cta thdy giao PGS.TS Tran Ptc Tan. Cac ndi dung nghién
ctru, két qua trong ludn van nay 1a trung thuc va chua cong bd duéi bat ky hinh
thurc nao trudc day. Toi khong sao chép cac tai liéu hay cac cong trinh nghién
clru ctia nguoi khac dé 1am luan vin nay.

Néu phat hién co bat ky su gian 1an nao t61 xin hoan toan chiu trach
nhiém vé ndi dung cua luan van. Truong Pai hoc Cong nghé - Pai hoc Qubc
gia Ha Noi khong lién quan dén nhimg vi pham tac quyén, ban quyén do toi
gdy ra trong qua trinh thuc hién (néu cd).

Ha Noi, ngay 01 thang 8 nam 2016
Hoc vién

Vii Hoang Tuan Hiép
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LOINOI DPAU

Trong y hoc, chan doan hinh anh 1a mot phuong phap chan doan cho phép
céc bac si c6 thé quan sat béng hinh anh cac bg phan cua co thé mot cach truc
quan nhat, tir 36 dua ra cac chin doan chinh x4c cta bénh Iy dé c6 bién phap
diéu trj hiéu qua. Ngay nay, cung véi su phat trién nhanh chong ctia khoa hoc ky
thuat, nhét 13 nganh cong nghé thong tin - dién tir vién thong, cac phuong tién
chan doan hinh anh khong ngimg duoc céi tién nham nang cao do chinh xac,
tinh hitu ich va ngdy cang déng vai trd quan trong trong hé théng y hoc. Pic
biét, trong boi canh sy bung nd céc can bénh ung thu, chan doan hinh anh dugc

st dung nhu mdt phuong phap phat hi¢n sém bénh ung thu.

Mot s6 phuong phap chan doan hinh anh pho bién la: chup X - quang,
chup cit 16p (CT), chup cong huong tir (MRI), siéu am... Thoi gian gan day,
siéu 4m tré thanh mot phuwong phap dang duoc ap dung rong rii véi vu diém ndi
tro1 1a thuc hién don gian, gia thanh ré, khong ddc hai; tuy nhién phuong phéap
tao anh truyén théng nhu B-mode van con ton tai nhuoc diém vé chat luong anh,
anh sau khi dugc tai tao chua rd nét dugc, anh hudng dén chat lugng, gay kho
khin cho viéc chan doan bénh. Do d6, phuong phap tao anh cét 16p bat dau dugc
quan tdim do dap tng duoc yéu ciu vé chét luong va do chinh x4c, nhung
phuong phap nay chua c6 nhiéu tng dung trong thuong mai do con gip mot sd

khuyét diém trong d6 phai ké dén chat luong va tdc do tinh toan.

Tao anh siéu 4m cit 16p sir dung tan xa nguoc dua trén hai nguyén 1y hoat
dong la lap Born (Born Iterative Method - BIM) va 1ap vi phan Born (Distorted
Born Iterative Method - DBIM), day 1a hai phuong phap dugc cho 13 tot nhat
hién nay cho tao anh tan xa. Trong do6, 1dp vi phan Born ¢6 uu diém 1a tdc do hoi
tu nhanh va 1a phuong phap tac gia lya chon dé cai tién. Luan vin nay dé xuat
phuong phép sir dung ngudng gi6i han dbi vai ap suat tan xa dé cai tién phuong
phap DBIM truyén thong (c6 thé ap dung dugc ca véi BIM) gitp cho anh tao
dugc c6 chét lugng tét hon hin phuong phap ban dau, cung véi thoi gian tinh
toan dugc giam dang ké. Vi nhitng két qua thu duge qua nhitng thuc nghiém
mo phong da ching minh phuong phép dé xuat cho két qua tét, khac phuc duoc
nhugc diém cua phuong phép truyén thong 1a chat lugng khoi phuc va téc do

tinh toan.



CHUONG 1. GIOI THIEU

1.1. Tong quan vé chan doan hinh anh

Chén doan hinh anh hay chan doan bénh thong qua hinh anh 1a phuong
phép quan trong giup cho bac si va ngudi bénh hiéu rd vé hinh thai, chic ning,
cAu tao sinh 1y cta co thé, dé tir d6 dua ra nhimg phuong an phong ngira va diéu
tri bénh mot cach hiéu qua nhat. Mot sé phuong phép chan doan hinh anh phd
bién hién nay nhu: X - quang, chup cit 16p - CT (Computed Tomography), cong

huong tir - MRI (Magnetic Resonance Imaging), siéu am (Ultrasound),...
1.1.1. Chup anh cit 16p

CT la tir viét tit cia Computed Tomography c6 nghia 14 “chup anh cac lat
cit bang tinh toan”, CT c6 kha ning tao hinh anh “xuyén qua” co thé bénh nhan.

CT con co6 tén goi khac 1a CAT (Computed axial tomography).
So lwrgc vé nguyén ly

Khi chup X - quang, bénh nhan dimg giita mot may phat tia X va mot tim
phim. Tia X c6 ban chat gidng véi anh sang - cing 1a séng dién tir, nhung c6
budc song rat nho, ning luong 16n nén c6 kha ning ddm xuyén rat manh. Khi tia
X di qua co thé ngudi, nd sé bi cac co quan trong co thé hap thu mot phan. Nang
luong tia X gidm tuan theo dinh luét Beer [1, tr.13]:

=1y exp(-4x), (1.1)
trong do: Iy , I 1a nang lugng tia X td1 va sau khi di qua vat hép thu; p 1a hé )
suy giam tuyén tinh cta vat liéu, dic trung cho kha ning 1am suy giam ning
luong tia X ctia vat cht va x 13 chiéu day cua vat hip thu tia X.

Céc bo phan khac nhau trong co thé hap thy tia X khac nhau [1, tr.33]. Vi
vay, chum tia X khi di ra khoi co thé s& gom céac tia c¢6 nang luong khac nhau,
mirc d6 tac dong 1én phim khac nhau nén trén phim sé& c6 cac ving sang toi mo

ta cac co quan bén trong co thé ngudi chup.
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CT ciing dung tia X nhung c6 nhiéu diém khac biét va phuc tap hon chup
X - quang théng thudng. Mot chum tia X duoc str dung “cit” ngang qua co thé
nguoi chup. O phia bén kia, thay vi dit mot tim phim, nguoi ta ding cac may thu
dé ghi lai tin hiéu nay [1, tr.53-54]. Tia X va may thu s& quay xung quanh nguoi
chup nhung quy dao quay van nam trén mot mat phang dé lay dit lidu tho (raw
data) vé lat cat nay. Dir liéu tho sau d6 duoc tinh toan va bién d6i bang toan hoc

dé chuyén thanh dit liéu hinh anh cho ta quan sat.

Hién nay, hau hét cac may CT déu c6 phan mém tai tao hinh anh 3D tir
cac lat cat. Cac phan mém nay cho phép bac sy quan sat cic co quan bén trong

co thé theo moi huong, cé thé cit lai trén nhiéu huong khac nhau.
Uu diém va nhuoc diém

Ngay nay, CT duoc tmg dung rong rii trong kham 14m sang dé phat hién
bénh 1y tir so ndo, dau mat cd, tim, nguc, bung, chau, xuong, mo mém cho dén
bénh 1y mach mau nao, ¢d, mach mau chi va cac mach mau tang khac. CT con
dugc dung dé huong dan phﬁu thuat, xa tr1 va theo doi sau phﬁu thuat. Ky thuat
3D-CT cho phép danh gia chinh xac vi tri ton thuong trong khong gian 3 chiéu,

tur d6 dinh huong tdt cho phﬁu thuat cling nhu xa tri.

Hinh 1.1: Anh chup cdt I6p CT so ndo

Cac vu diém cta k¥ thuat CT 1a:
o Hinh anh rd nét do khong c¢6 hién twong nhiéu hinh chdng 1én nhau.

o Kha ndng phan giai nhitng hinh anh mé mém cao hon nhiéu so véi X - quang.
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Thoi gian chup nhanh, can thiét trong khao sat, danh gia cac bénh cap ctru
va khao sat cac bo phan di dong trong co thé (phoi, tim, gan, rudt...).
Do phan giai khong gian ddi voi xuong cao nén rat tot dé khao sat cac
bénh 1y xuong.
K¥ thuat dung tia X, nén c6 thé dung dé chup cho nhitng bénh nhéan co
chéng chi dinh chup cdng hudng tir (Pat may tao nhip, van tim kim loai,
may tro thinh ¢6 dinh, di vat kim loai...).

K¥ thuat CT ciling ton tai nhirng nhuoc diém, cu thé 1a:
Do kha ning dam xuyén manh cta tia X nén CT khé phat hién cac ton
thuong phan mém hon 1a MRI.
CT kho phat hién dugc cac ton thwong sun khép, day chang va ton
thuong tiy song.
Nhitng co quan va tén thuong c6 cing do dam thi kho phat hién va kho
phan biét trén CT.
Do phan giai hinh anh cua CT thdp hon MRI, nhét 13 cac ciu tric md
mém, vi vay CT kho phét hién cac ton thuong c6 kich thudce nho.
CT la k¥ thuat dung tia X va gay nhiém xa. Mirc d6 nhiém xa mdi lan
chup déu nim trong giéi han cho phép.

1.1.2. Chup cong huéng tir

Chup cong huong tir (MRI) 1a mot phuong phap thu hinh anh ctia cac co

quan trong co thé song va quan sat lugng nudc bén trong cac cau tric cua cac co
quan. Anh ctia cac m6 mém trong co thé tao ra tr cong hudng tir rd nét hon so

v6i1 anh tir cdc phuong phap khac.

Nguyén ly

Dva vao nguyén tac cau tao cua nguyén tir va cac mOmen tao ra tu

electron va proton. Co thé con ngudi cau tao chu yéu tir nude (60-70%) ma

trong thanh phan cia phan tir nudc luén c6 nguyén tir hydro. Vé mat tir tinh,

-6 -



nguyén tir hydro 1a mot nguyén tir dac biét, hat nhan chi chira 1 proton, do do,
né c6 mot mémen tir 1on. Tir diéu ndy dan téi mot hé qua la: néu ta dua vao hoat
dong tir cia cac nguyén tir hydro dé ghi nhan sy phan bd nudc khac nhau cua
cac mo trong co thé thi chiing ta c6 thé ghi hinh va phan biét duoc cac mé do [1,
tr.67]. Méat khac, trong cung mgt co quan, cac ton thuong bénh ly dan dén su
thay doi phan bd nuée tai vi tri tdn thuong, dan dén hoat dong tur tai do s¢ thay

do6i so vo1 mo lanh, nén ta cling s€ ghi hinh dugc cac thuong ton.

Ung dung nguyén 1y nay, MRI str dung mot tir truong manh va mot hé
thng phat cac xung c6 tan s6 vo tuyén dé diéu khién hoat dong dién tir ciia nhan
nguyén tir, ma cy thé 13 nhan nguyén tir hydro c6 trong phan tir nude cta co thé,
nham bic xa nang lugng dudi dang cac tin hi€u co tan s vo tuyén. Cac tin hiéu
nay s€ duoc mdt hé théng thu nhan va xur Iy dién toan dé tao ra hinh anh cua d6i

tuong vira dugc dua vao tu truong do.

Hinh 1.2: Anh chup c¢éng hwéng tir (so ndo)

Cac vu diém cua ky thuat MRI 1a:

o Anh cta ciu trac cic mdé mém trong co thé nhu tim, phdi, gan va cac co
quan khac rd hon va chi tiét hon so véi anh duogc tao bang cac phuong
phap khéc, khién MRI tr¢ thanh céng cu vo gia trong chan doan bénh
thoi ky dau va danh gia cac khdi u trong co thé.



o Gilp cho céc bac si danh gid dugc cac chiec nang hoat dong ciing nhu
ciu trac ctia nhiéu co quan ndi tang.

o Khoéng gay tac dung phu nhu trong viéc chyup X - quang thuong quy va
chup CT.

o Cho phép do ra cac diém bat thuong 4n sau cac 16p xwong ma céc
phuong phap tao anh khéac kho c6 thé nhan ra.

o Giap chan doan nhanh va chuan xac cac bénh tim mach.
MRI con ton tai mot s6 nhuoce diém:

o Céc vat bang kim loai cdy trong co thé (khong dugc phat hién) c6 thé
chiu anh hudng cua tir truong manh.
o Khong sir dung v6i cac bénh nhan mang thai & quy dau, trir khi that can

thiét.
1.1.3 Chup siéu am

Siéu am 1a mot loai dao dong co hoc duogc truyén di trong mot moi truong
vat chit nhét dinh. Nang luong co hoc nay tac dong vao cac phan tur vat chét cua
mdi truong lam cho ching dao dong khoi vi tri can bang, tao thanh séng lan
truyén cho t6i khi hét nang luong. Chinh vi vay siéu 4m khong thé truyén ¢ moi

truong chan khong nhu cac song dién tur [3].

Dua theo tan s, 4m thanh duoc chia thanh 3 loai: (1) Nhimg 4m thanh co
tan s6 nho hon 16 Hz ma tai nguoi khong thé nghe dugc 13 ha am; (2) Cac song
am c6 dai tan tir 16 Hz dén 20.000 Hz duoc goi 1a 4m nghe duoc; (3) Siéu am 1a
am thanh c6 tan sb trén 20.000 Hz. Nhu vay vé ban chit siéu 4m ciing khong co
gi khac véi cac dao dong co hoc khac va n6 cling dugce dac trung bo1 mot s6 dai

luong vat 1y nhu: tan sd, bién d9, chu ky... [2, tr.25, 3]

Chu ky 1a khoang thoi gian thuyc hién mot nén va dan. Bon vi thuong
dugc tinh bang don vi do thoi gian (s, ms...). Bién do 13 khoang cach 16n nhat

giita 2 dinh cao nhat va thip nhat. Tan s (f) 1a s6 chu ky dao dong trong 1 gidy,
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don vi do 1a Hz. Budc séng (A) 1a do dai cua 1 chu ky dao dong. Budc song

thuong duoc do béng don vi do chiéu dai nhu mm, cm.

Téc @6 siéu am (c) 1a quing duong ma chum tia siéu am di duogc trong 1
don vi thoi gian, thuong dugce do béng m/s. Toc d6 siéu am khong phu thudc
vao cong sudt cia may phat ma phu thudc vao ban chit ciia méi trudng truyén
am. Nhimg méi trudng c6 mat d6 phan tir cao, tinh dan hoi 16n siéu 4m truyén
tbc do cao va nguogc lai nhitng mdi trudng c6 mat dd phan tir thap téc do s& nho.
Vi du xuong tir 2700 - 4100 m/s; to chitc m& 1460 - 1470 m/s; gan 1540 - 1580
m/s; phé)i 650 - 1160 m/s; co 1545 - 1630m/s; nudc 1480m/s... Trong si€u am
chan doan, ngudi ta thuong lay gia tri trung binh cta téc do siéu am trong co thé
1a 1540m/s. Giira toc do truyén 4m, budc séong va tan sd cdé mdi lién hé qua

phuong trinh sau [2, tr.26, 3]:
c=Af (1.2)

Nang luong siéu am (P) biéu thi mirc ning lwong ma chum tia siéu am
truyén vao co thé. Gia tri nay phu thudc vao nguén phat, trong si€éu am chan
doan dé dam bao an toan, cac may thuong phat véi mirc nang luong thap vao
khoang 1MW dén 10MW. Tuy nhién, trong cac kiéu siéu 4m thi siéu 4m
Doppler thudng c6 muc ning lugng cao hon. O cic may siéu am hién dai, nguoi
str dung c6 thé chil dong thay d6i mirc phat nang luong dé nang cao hon tinh an

toan cho bénh nhan, nhat la d6i véi thai nhi va tré em.

Nguyén Iy ciu tao may siéu Am

May siéu 4m duoc cau thanh tir 2 bd phan chinh d6 1a dau do va bd phan
XU 1y trung tam va mat s6 bo phan ho tro [2, tr.31, 3].

Pdu do siéu dm

Pau do ¢6 nhiém vu phat chum tia si€u am vao trong co thé va thu nhan
chum tia siéu 4m phan xa quay vé, hoat dong dua trén nguyén 1y 4p dién cua

Pierre Curie va Paul Curie.



Hinh 1.3: Pau do siéu ém

CAu tao dau do: Thanh phan co ban cta dau do siéu am 1 cac chin ti.
MJi chén tir bao gdm 01 tinh thé thach anh duoc ndi véi dong dién xoay chiéu.
Chiéu day ctia cac tinh thé cang mong thi tdn s6 cang cao. Vi cac tinh thé thach
anh c6 nhitng han ché vé mit k¥ thuat nén ngay nay nhiéu vat liéu mdi nhu cac
mudi titanat dugce st dung trong cong nghé ché tao dau do, cho phép tao ra
nhitng dau do co tan sb theo yéu cau ciia 1am sang. Néu trude kia mdi dau do chi
phat 1 tan sb cb dinh, thi ngdy nay v6i cong nghé méi, ta co nhimng loai dau do
da tan. Nhitng dau do kiéu moi co thé phat véi cac tan s6 khac nhau trén 1 dai
rong nhu 2 - 4MHz, tham chi 3 - 17MHz... v61 5 mtc diéu khién dé thay doi tan
s6. Nhitng dau do da tdn nay rat thuan loi cho khdm bénh 1am sang. Vé mat k¥
thuat, mudn ting do dai cta trudng gan ta co thé ting ban kinh cua tinh thé trong
dau do, hodc ting tan sd phat dé giam budc séng, tuy nhién diéu ndy bi gi6i han
boi cac yéu tb khéc, vi ting r 13 ting kich thudc dau do, con ting tan sb s& lam
giam d6 sdu can tham do, nén ngudi ta hay str dung 1 thau kinh dé hoi tu chum
tia siéu &m dé giam d6 loe cta trudng xa [3].

Phén loai dau do: Dya theo phuong thirc quét chum tia siéu 4m, ngudi ta
phan dau do lam 2 loai: quét dién tir va quét co hoc. Néu cin cit vao cach bb tri
cac chin tir trén gia d& chung ta c6 cac kiéu dau do: thang (linear); dau do cong

(convex); dau do ré quat (sector). Mdi loai dau do sur dung cho cic muc dich
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kham bénh tai cac bd phan khac nhau cua co thé, ddu do thang dung dé kham
cac mach mau ngoai vi, cac bd phan nhd, & néng nhu tuyén v, tuyén giap... Pau
do cong chu yéu dung cho cac kham 6 bung va san phu khoa. Pau do ré quat dé
kham tim va cdc mach mau ndi tang. Ngoai ra can cu theo muc dich st dung
chung ta c6 rat nhiéu loai dau do khac nhau nhu: dau do siéu 4m qua thuc quan
dé kham tim mach, dau do ndi soi khi két hop voi bd phan quang hoc dé kham

tiéu hoa, dau do sir dung trong phau thuat, dau do trong 1ong mach... [3]

Do phan giai cua dau do: La khoang cach gan nhit giita 2 cdu trac canh
nhau ma trén man hinh ching ta van con phan biét duge. Nhu vay, do phan gidi
cang cao thi kha ning quan sat chi tiét cic cau trac cang ré nét. Chinh vi thé, do
phan giai 1a mot trong nhiing chi tiéu dé danh gia chat luong may siéu am. Co6 3
loai d6 phan giai: PO phan giai theo chiéu doc 1 kha ning phan biét 2 vat theo
chiéu ctia chum tia (theo chiéu trén-dudi ctia man hinh); D6 phan giai ngang 1a
kha ning phan biét theo chiéu ngang (chiéu phai-trai ctia man hinh); Do phan
theo chiéu day (chiéu vudéng goéc v6i mit phang cat, vi thuc té mit cat siéu 4m
khong phai 1a mot mit phang, ma c6 d6 day nhat dinh). D phan giai phu thudc
rat nhiéu vao tan sb ciia dau do, vi tri ctia cau trac dang nghién ciru thudc truong
gan hay xa cta dau do [3].

Bo6 phan xu Iy tin hiéu va thong tin.

Tin hiéu siéu am phan hoi tir co thé dugc dau do thu nhan, sau d6 bién
thanh dong dién. Dong dién nay mang theo thong tin vé d6 chénh 1énh tré khang
giita cac cu trac ma chum tia siéu 4m da xuyén qua (khi d6 chénh 1éch tré khéng
giita hai cdu tric cang 16n, nang luong ctia chum tia siéu 4m phan xa cang cao, s&
tao ra dong dién xoay chiu cang 16n) va thong tin vé khoang cach tir ciu tric

phan xa siéu am dén dau do. Khoang cach nay duoc tinh bang cong thire [3]:

D=— (1.3)
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trong d6: D 1 khoang cach, ¢ 1a toc d6 siéu am trong co thé, t 14 thoi gian tir khi

phat xung dén khi nhan xung.

Nhitng tin hiéu ndy sau khi xir 1y tuy theo kiéu siéu &m ma cho ta céac
thong tin khic nhau vé cau trac va chirc ning cta cac co quan ma ta can nghién
ctru. Ngoai ra, may siéu 4m con chira phdn mém, cho phép do dac tinh toan cac
thong s6 nhu khoang cach, dién tich, thé tich, thoi gian... theo khong gian 2
chiéu, 3 chiéu. Tir nhitng thong tin nay két hop voi nhiing chwong trinh da duoc
tinh toan sin s& cung cp cho chiing ta nhiing théng tin cao hon. Vi du, tir dudng
kinh ludng dinh thai nhi, ¢6 thé dy kién ngay sinh, trong lugng thai... Hodc tir
thé tich that trai cudi ky tdm truong, tam thu, ching ta s& biét duoc thé tich nhat

bop, cung luong tim...

Nhitng thong tin vé cdu tric va chic ning ciia cac co quan s& dugc hién
thi trén man hinh, déng thoi cling c6 thé duoc luu trit lai trong cac bd phan ghi
hinh va c6 thé ndi mang vé6i cac phuong tién khac.

CAc kiéu siéu am

Siéu dm kiéu A: Day 1a kiéu siéu am cb dién nhit, ngay nay chi con st
dung trong pham vi hep, nhu chuyén khoa mét véi muc dich do khoang cach, vi
n6 rat chinh xac trong chirc ning ndy. Céc tin hiéu thu nhan tir dau do dugc bién
thanh nhimg xung c6 dinh nhon, theo nguyén tic bién do cua séng siéu 4m phan
xa cang lon, bién do cia xung cang cao va nguoc lai. Nhu vay, trén man hinh
chung ta khong nhin thiy hinh anh ma chi thdy cac xung. Thoi gian xuat hién
cac xung s& phan anh chinh xac khoang cach tir cac vi tri xuat hién song siéu 4m
phan xa [3].

Siéu dm kiéu 2D: Hay con goi 13 siéu 4m 2 binh dién, kiéu siéu 4m nay
hién nay dang duoc str dung pho bién nhat trong tat ca cac chuyén khoa. Co thé
noi, chinh si€éu am 2D la mdt cudc cach mang trong nganh siéu am chan doan.
Nguyén 1y cta siéu am 2D: nhiing tin hiéu siéu 4m phan xa dugc dau do tiép
nhan s& bién thanh dong dién xoay chiéu, mang theo 2 thong tin vé muc do
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chénh léch tré khang tai bién gi6i giira cac cau trac khac nhau va khoang cach
clia cac cau triic nay so véi dau do. Dong dién sau d6 dugc xir Iy bién thanh cac
chdm sang c6 muc d6 sang khac nhau tuy theo cudng do va khoang cach tir dau
do dén mat phan cach co phan hdi am. Nhu vy, cic thong tin nay s& dugc thé
hién trén man hinh bang nhitng chidm sang véi cudng do khac nhau, duogc sip
xép theo mot thir tw nhét dinh tai tao nén hinh anh cia céc co quan, cAu trac ma
chum tia da di qua. Dé nghién ciru cac cau tric c6 van dong trong co thé nhu tim
va cac mach mau, nguoi ta ché tao cac dau do co thé ghi lai rat nhiéu hinh anh
van dong cua chiing & cac thoi diém khac nhau trong mét don vi thoi gian (> 24
hinh/gidy) va nhu vay nhiing van dong cua cic co quan nay sé& dugc thé hién lién
tuc gibng nhu van dong thuc ciia nd trong co thé va ngudi ta goi 13 siéu 4m hinh
anh thoi gian thuc (real time). Tat ca cac mdy siéu am hién nay déu c6 kha nang

ghi lai hinh anh thoi gian thuce [3].

Siéu dm kiéu TM (Time motion hay M - Mode): Pugc st dung dé do dac
cac thong sb siéu am vé khoang cach, thoi gian d6i véi nhimg ciu tric cé
chuyén dong, ma néu thuc hién bang ky thuat siéu am 2D thi s& gip khé khan.
Pay 14 kiéu siéu am van dong theo thoi gian, & d6 chum tia siéu 4m duoc cat &
mot vi tri nhit dinh, truc tung cua do thi biéu dién bién d6 van dong cua cac cau
trc, truc hoanh thé hién thoi gian. Nhu vay, nhiing cAu trac khong van dong s€
thanh nhitng duong thang, con nhiing ciu tric van dong s& bién thanh nhiing
duong cong véi bién do tuy theo muirc d6 van dong cua cac cau tric nay. Sau do,
khi dimg hinh ching ta c6 thé d& dang do duoc cac thong sé vé khoang cach,
bién do van dong, thoi gian van dong... Kiéu TM duoc st dung nhiéu trong siéu
am tim mach [3].

Siéu agm Doppler: Py 1a mot tién bd 16n cua siéu am chan doan vi nd
cung cip thém nhiing thong tin vé huyét dong, 1am phong phu thém gia trj cua
siéu am trong thyc hanh 1am sang, dac biét ddi v4i siéu Aam tim mach. Kiéu siéu

am nay duoc gidi thiéu trong mot phan riéng [3].
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Siéu dm kiéu 3D: Trong nhimg nim gan ddy, siéu am 3D d dugc dua vao
ung dung ¢ mot sb linh vyc chu yéu nhu san khoa. Hién nay, c6 2 loai si€u am
3D, d6 la loai tai tao lai hinh dnh nho cac phuong phap dung hinh may tinh va
mot loai duoc goi 1a 3D thyc sy hay con goi 1a Live 3D. Siéu 4m 3D do mét dau
dod ¢6 cau trac kha 16n, ma trong d6 ngudi ta bd tri cac chan tir nhiéu hon theo
hinh ma tran, phdi hop v6i phuong phap quét hinh theo chiéu khong gian nhiéu
mit cit, cic mat cat theo kiéu 2D nay dugc may tinh luu giit lai va dung thanh
hinh theo khong gian 3 chiéu. Ngay nay, c6 mot sé may siéu am thé hé méi da
c6 siéu am 3 chiéu cho ca tim mach, tuy nhién tng dung ctia chiing con han ché

do k¥ thuat twong ddi phirc tap va dic biét 1a gia thanh cao.
Uu diém va nhwoc diém

Trong y hoc ngay nay, chan doan bénh bang hinh anh 1a mot cong cu dac
luc giup cho cac bac sy trong viéc phat hién sém dé diéu tri bénh. Siéu am 1a
mot phuong phap chuan doan bénh duoc st dung phd bién véi cac vu diém nodi
trd1 so véi cac phuong phap khac nhu CT, MRI, X - quang, do tinh an toan vi
khong str dung cac phong xa ion hda, khong sir dung tir truong manh (tur trudong
manh c6 thé tac dong to1 cac vat kim loai trong co thé), thuc hién don gian, hon
nita gia thanh lai twong ddi ré so voi cac phuong phap néu trén. Tuy nhién, séng
si€u am bi can trd bdi hoi hoac khong khi, do do, siéu am khong phai 1a phuong
tién chan doan hinh anh 1y tudng cho rudt (tang rong) va nhitng co quan bi rudt
che khuit hodc khi mudn khao sat vé da day, rudt non, rudt gia. Séng am kho
xuyén thau dugc xuong va do d6 chi co thé nhin thay dugc mit ngoai cua cac
cAu truc xuong chit khong nhin duoc nhitng gi nam bén trong. Vi vy, ta ¢ thé

két hop cac phuong phap chan doan hinh anh khac nhiam ting cao do chinh x4c.
K¥ thuat tao danh siéu am

Siéu 4m (ultrasound) 13 mot phuong phép khao sat hinh anh hoc bang cach
cho mdt phan cua co thé tiép xuc v6i sdng 4m c6 tan sb cao dé tao ra hinh anh bén

trong co thé. Do hinh anh siéu 4m duoc ghi nhan theo thoi gian thuc nén né co thé
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cho thay hinh anh cdu tric va sy chuyén dong cuia cac bo phan bén trong co thé ké
ca hinh anh dong méau dang chdy trong cac mach mau. Tao anh si€éu am khong chi

an toan vé birc xa ion ma con cho hi€u qua vé mat chi phi gia thanh.

K¥ thuat tao anh am thanh da duogc s dung rong rai cho nhiéu ung dung
tir rat sém khi ma c6 su phat trién cta sonar vao khoang 1910. Mot trong nhiing
mg dung to 16n nhét trén co so sit dung nguyén 1y k¥ thuat sonar 13 tao anh B-
mode, mot Gmg dung trong tao anh y té [4]. Anh B-mode 1a két qua cua su thay
d6i trong ham can tré Am thanh, cdi ma thay doi trong cac mdi truong khéac
nhau. “P0 phan giai khong gian” trén bac cia mot budc song co thé thu duoc
bang str dung cac mang (arrays) [5] va tip trung cao vao cac phan tir chuyén doi
don [6] (“d6 phan giai khong gian” 1a khoang cach nho nhat gitra hai vat phan xa
ma ching c6 thé phan biét rd tin hiéu doi trén man hién thi. Do phan giai khong
gian dugc chia thanh d§ phan gidi ngang, d0 phan giai doc truc va slice
thickness). Mic du chat lugng hinh anh c6 thé xau di do sy sai 1éch pha va bién
do [7], nhung hinh anh tao thanh la don gian va tin cdy. Tuy nhién, do tinh chat
ty nhién ctia né ma chuan doan y té sur dung tao anh B-mode thong thuong la
chu quan va phu thudc vao chuyén mén va kinh nghiém cta ngudi diéu khién.
K¥ thuat tao anh B-mode con mic mot nhuoc diém 16n d6 1a chat lugng hinh
anh con han ché, khong thé phat hién dugc cac khdi u nhé hon bude song.

2010-10-06
11:45:55 AM
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Hinh 1.4: Anh chup siéu am cdt I6p tir mdy R7 ciia Quantum
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1.2. Siéu Am cit 16p sir dung tin xa nguoc

Pé khic phuc nhiing nhugc diém trén cua ky thuat tao anh B-mode,
nhitng nam dau cua thap ky 70 thé ky trude, nguoi ta da dua ra khai niém siéu
am cat 16p s dung tan xa ngugce. Khai niém nay dya trén co so 1y thuyét sir
dung X - quang va cét 16p hat nhan. Siéu m cit 16p cho chét luong hinh anh tét
hon phuong phép truyén théng B-mode va c6 kha ning phat hién dugc vat thé

c6 kich thude nhé hon budce song dang duge nghién ctru va trng dung.

Khi mét tia t6i séng Am gdp mot moi trudng khong déng nhit thi mot
phan ning luong s& bi tan xa theo moi huéng. Bai toan chup cat 16p siéu 4m bao
gém udc lugng sy phan bd cua cac tham sb (téc do am thanh, sy suy giam am,
mat do va nhitng thr khac) tdn xa cho mot tap cac gia tri do cia truong tan xa
bang viéc giai ngugce cac phuong trinh séng. Vi thé, chup cit 16p siéu 4m cho

thiy dinh luong thong tin ctia vat thé dudi sy khao sat hay kiém tra.

Phuong phap siéu 4m cét 16p dung tan xa nguoc cho phép tao anh cé loi
thé hon nhiéu so v&i phuong phap chup X - quang, chup CT, chup anh cong
huong tir. Hoat dong ctia n6 dya trén sy tan xa nguoc va c6 kha ning giai quyét
nhimg cau tric nho hon budce song ciia séng toi, nd trai nguoe véi phuong phap
tao anh truyén thong st dung phuong phap phan hoi. Mot s tinh chat vt liéu
nhu d§ twong phan am thanh, d§ suy hao, mat do dugc img dung dé tim ra cac
d6i tuong co kich thudc nhd. Phuong phép lip Born (Born Iterative Method -
BIM) va Idp vi phan Born (Distorted Born Iterative Method - DBIM) 1a hai

phuong phap duoc cho 14 tét nhat hién nay cho tao anh tén xa.

Tuy nhién, tin xa nguoc gap phai mot s han ché. Pau tién, phuong phap
tan xa nguoc gap phai van dé vé hoi tu khi tai tao lai dbi tuong voi “do tuong
phan” 16n (d6 trong phan quyét dinh boi tinh chat cia méi truong, biéu hién boi
su tan xa Am thanh nhiéu hay it, chinh 1a chénh 1éch tbe do truyén song gitra 2
moi trudng). Rang budc nay cho dén nay dd han ché nhimg Gng dung tan xa

nguoc ap dung cho viéc tao anh vung nguc [8-10].
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Thir hai, s6 liéu tan xa phai thu thap & rat nhiéu goc khac nhau tir 0° dén
360° dé thu dugc chat lugng chup tét. D6 ciing 14 1y do ma nghién ctru chup tan
xa nguoc siéu am lai tap trung vao tao anh vung nguc, dé bao trum duoc dﬁy du
sb liéu, viéc tao anh & tan sb tuong ddi cao (Ién dén 5 MHz). Trong truong hop
tao anh v, goc bao phu day du thu dugc bang cach cho ving va d6 vao trong

nudc, cach nay dugc sir dung cho céac cdp vo chong si€éu am khoi u.

Cubi cung, han ché cta chup siéu am ciat 16p str dung tan xa nguoc 1a tdc
d6 tinh toan va chat luong anh tai tao. Phuong phap chup cit 16p st dung tan xa
nguoc dugce danh gia 1a cho két qua chinh xac va kha quan hon cac phuong phap
chup si€u am trudc day nhung van dé vé toc do tinh toan 1a mét tro ngai 16n cua
phuong phap nay, trong chuan doan bénh y hoc thi yéu cau vé toc do ciing nhu

chat lugng can dugc dam bao.

Két luan: Lya chon siéu am cat 16p vi nd ké thira duoc wu diém cua siéu
am noi chung va diém manh cia siéu 4m cit 16p néi riéng, nhu da trinh bay &
bén trén. Nhu vay chup siéu am cat 16p 14 t6t hon so voi phuong phap truyén
théng B - mode trong Y sinh hién nay, nhung van chua thé ap dung phd bién do
chat lugng chup van con thap. Vi thé can thiét phai cai tién nang cao chat lugng
chup si€u am cit 16p, do cling 1a ndi dung ludn van ma tac gid thuc hi¢n. Va
phuong phap ma tac gia lya chon la phuong phap 1dp vi phan Borm (DBIM) —
dugc danh gia 1a cho chat lwong hinh anh tét hon dé khéi phuc dnh siéu am cat

[6p stk dung DBIM hé tro boi quyét dinh ngudng.
1.3. T6 chirc luin viin

Phan con lai ctia luan vin nay duoc t6 chire nhu sau: Chuong 2 trinh bay
vé cac nguyén tic hoat dong gdm viéc trinh bay phuong phap DBIM (Distored
Born Iterative Method), cic phuwong phap toan hoc ning cao chat luong khoi
phuc anh y sinh. Chwong 3 dua ra cic phuong phap dé xuat dé giai quyét van dé
dit ra va nhimg két qua da dat dugc khi 4p dung phuong phap dé xuat. Cudi

cung 13 nhitng danh gia va két luan vé nhimng két qua da dat duoc.
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CHUONG 2. NGUYEN TAC HOAT PONG

Tao anh siéu 4m cat 16p st dung tn xa ngugc trén hai nguyén 1y hoat
dong 1a 1ap Born (Born Iterative Method - BIM) va 1dp vi phan tan xa Born
(Distorted Born Iterative Method - DBIM) 1a hai phuong phdp dugc va chudng
boi cho phép xdy dung mdi lién hé tuyén tinh giita tin hiéu siéu am do duoc voéi
su khac biét toc do siéu am khi truyén qua khdi u. Trong d6, phuong phap
DBIM c6 wu diém 1a cho téc do hoi tu nhanh hon BIM nhung DBIM lai d& chiu
anh huong cua nhiéu hon BIM [18]. Vi vay, trong luin vin nay lua chon
phuong phap DBIM trong tao anh tan xa ngugc, dong thoi dé xuat phuong phap
dit ngudng gii han cho cac tin hiéu ap suét tan xa thu duoc nhiam rat ngan thoi

gian tao anh ma van dam bao dugc chat lugng anh siéu am cit 16p.
2.1. Lap vi phan Born (DBIM)
Du6i ddy 14 cAu hinh thu phat caa hé chup siéu am cit 16p.

May phat

|

Ving
chia lwéi

May thu

Hinh 2.1: Cdu hinh hé do DBIM
Pbi twong can khao sat chinh 1a vat thé hinh try tron O(r) c6 kich thude
rat nho (mdi trudng B;) ndm trong mdi trudng B, (twong Gmg nhu khéi u & trong
moi trudng nao do). Muc ti€u cua ching ta 1a dung dugc anh cua vat thé tru

tron, hay con goi la vung quan tdm ROI (Region Of Interest).
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Viéc thuc hién do thuc té c6 thé lam theo 2 cach sau:

Ciach 1: Tat ca cac mdy phat va may thu déu ¢d dinh trong sudt qua trinh
do. Vat thé s& duoc xoay quanh truc trung tdm véi 1 budc nhdy xdc dinh. Nhan
xét rang mot may thu va N, mdy phat duoc dat ddi ximg nhau nhu hinh 2.2

nhim dam bao khong bi hién tugng dich pha gy 13i khi khéi phuc anh [10].

Cach 2: C6 dinh vat thé, tai mot vi tri may phat xac dinh s& tién hanh do
trén N, may thu & vi tri ddi xung. Trén thuc té chi can mét may thu nhung thyc
hién N, 1an do Gmg véi mot vi tri may phat. Sau d6 khi dich may phat di mot goc

thi N, may thu kia ciing tw dong dich chuyén mot cach twong tng.

Vung dién tich can quan tim ROI duogc chia thanh NxN 6 vudng (mdi 6
vudng goi 1a mot pixel) co kich thude 1a h. S6 lvgng may phat 1a N, va may thu
1a N,. Vi ving tan xa hinh tron nhu trong hinh 2.1, theo 1y thuyét vé song am,

ham muc tiéu O(r) (vat thé hinh try tron) duoc tinh boi cong thic:

I 1 -
oF)={ ‘G € @.1)
0 if |F|>R

v6i ¢; va ¢, 1a tbe do truyén song trong ddi tugng va toc do truyén trong nude, f
13 tan s6 séng siéu am, o 1a tan s6 goc (w = 2xf), R la bdn kinh ciia doi tirong.

Str dung so d6 cdu hinh hé do nhu trong hinh 2.1, bang cach st dung
DBIM dé tai tao lai d6 tuong phan am thanh tan xa dé xac dinh khdi u trong
moi truong.

Gia st rang c6 mot khong gian vo han chita méi truong dong nhat chang
han 1a nuédc, c6 s séng 13 ko. Trong mdi truong d6 co vat véi sb song 1a k(r) phu
thudc vao khong gian trong vat. Phuong trinh truyén song ctia hé thong cé thé

dugc cho nhu phuong trinh (2.2):

(V> +k; (1) p(r) = =O(r) p(r) (2.2)
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v6i p(r) 1a tin hiéu 4p suat tong (13 tong cua ap suat téi va ap sudt gdy ra boi tan
xa). Giai phuong trinh (2.2) s€ c6 nghi¢ém dang tich phan theo ham Green nhu
(2.3) va(2.4):

p(r)=p™ )+ p*(r) (2.3)

p(r)=p" 1)+ [[ OG- )p(r)Gy(

r=rir’ (2.4)

trong @6, p*(r) 1a séng tan xa, p™ (r) 14 song t&i va G(.) 1a ham Green.
Ham muc tiéu can duoc khoi phuc tir dir li€u tan xa dugc xac dinh boi:
O(r) = k(r)’ —k; (2.5)

Bang phuong phap moment (MoM) dé rdi rac hoa phuong trinh (2.3)
bang cach chia ludi ving dién tich chtra d6i tuong (theo nhu hinh 2.1). Song t6i

duogc biéu dién dang vector kich thude N x 1 nhu (2.6):

—inc -\

p=p +CD(O)p (2.6)

Vaép suét tan xa thu duge co kich thude NN, x 1:

sc -\ —

=BD(0)p 2.7)

Hai bién chua biét 1a P va 0 trong trudong hop nay ap dung xap xi Born
loai 1 va theo (2.6), (2.7) ta co:

Ap* =BD(p).AO=M.AO (2.8)
Véi M=B.D(p). Trong cong thirc (2.8), B 12 ma tran 1xN? tmg véi hé sb
G,(r,r") tir chc pixel t6i may thu, C 1a ma tran N’xN* tmg voi hé s6 G,(r,7)

gitra cac pixel, I 1a ma tran don vi, D(.) 1a todn tir chéo hoa.
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V61 moi bo phat va thu, ching ta ¢6 mét ma tran M va mot gia tri vo

huéng Ap*™ . Thiy ring vector chua biét O ¢ N x N gi trj bang sb pixel cua
ROL Ham muc tiéu (Object function) c6 thé duoc tinh bang cach lip:

-_-n

0'=0""+A0"" (2.9)

= (L T \ A s . ‘n .y .
Vi O va O la gia tri cua ham muc ti€éu & budc hién tai va budc

trudc d6. Nhimng dit liéu duoc xu 1y st dung DBIM dé khoi phuc lai mirc do
tuong phan toc d6 am thanh. Bang cach nay ching ta c6 thé xac dinh dugc khoi
u ton tai trong méi trudng. DBIM sir dung x4p xi Born dé tinh toan trong cac

vong lap cua bai toan phi tuyén tan xa nguoc. Néu ching ta sir dung nhiéu may
phat va may thu thi AO c6 thé dugc tinh bang quy tic Tikhonov:

ap",-M,00] +|A0] (2.10)

AO =argmin
AO
Hoac str dung phuong phdp Moore- Penrose pseudoinverse:

AP ~M AO 2.11)

2
2

AO= arg min
AO

Pbi v6i phuong phap Tikhonov, viéc lya chon tham s6 chuan tic y ¢ tac
dong dén su 6n dinh cta hé théng. Néu vy ma lén thi viéc tai tao anh kho khan
hon nhung néu y ma nho thi viéc tinh toan s& phc tap.

Trong do, A;sc la (NN, x 1) vector chira gia tri sai khac giita két qua do

1 4 ’ e n , , A cA A , A7 7x ) 2
va ket qua tién doan tin hiéu siéu am tan xa, M. la ma tran NN, x N° duoc tao

boi NN, phép do.
M6 hinh phwong phap lap vi phan Born (DBIM)

Ta c6 thé mo hinh hoa phuong phap DBIM theo so d6 khdi nhu hinh 2.2.
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Phuong trinh song trong moi
treong khong dong _nhat chira

ddi tuong O

I

St dung ham Green tim
phuong trinh lién tuc cua
ap suat

!

A

I

St dung phuong phap xap xi

o

Borndé tim moi quan hé tuyén
tinh gitta Ap“va A0

1

St dung phuong phap moment

............

St dung cac phueong phap toan
hoc (chuan tic Tikhonov,

oy ¢

chuan tic L1...) dé tim AO

o~

bén trong va bén ngoai (tan xa)
doi twong 1a p. p*

Il

St dung phuong phap 1dp dé

tim d6i tuong O

Hinh 2.2: M6 hinh phwong phap DBIM

Thuit toan 1: Lip vi phan Born truyén thng

1- Chon gié tri khéi tao 0, =0,

2- While (RRE <€) or (n <N, ), do

{

3- Tinhp,p ,Cva B twong ing Oy sir dung (2.6) va (2.7)

—sc —sc
4- Tinh Ap  ti gia tri p do duogc va gia tri tién doan

5-  Tinh RRE tuong ting AO su dung cong thirc (2.12)

6- Tinh O mdi st dung (2.9)

7- n=n-+1;
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b

Trong d6, € 1a sai ngudng sai s6 cho trudc va RRE duoc dinh nghia nhu sau:

‘ —SC

Ap

RRE =

(2.12)

—sc,m

p

2.2. Bai toan nguogc

Bai toan nguoc duoc sir dung dé bién doi phép do quan sat thanh thong tin
vé ddi tuong, duoc phat trién trong nhiéu nganh, trong d6 c6 ¥ nghia rat quan
trong d6i véi viée tao anh y sinh. Sy bién doi tir dir liéu dén tham sé mé hinh
(hoac nguoc lai) la két qua cua su tuong tac cua hé théng do voi dbi tuong ma
chung ta quan tdm dén tinh chit cta no.

Pé giai bai toan nguoc khi c¢6 nhiu ta phai sir dung phuong phap khoi
phuc Gradient phi tuyén “Nonlinear conjugate gradient method” (NCG) [12,13].
Vi thé ta c6 thuat toan dé giai phwong trinh (2.10) nhu sau:

Thuét toan 2: Phwong phap khéi phuc Gradient phi tuyén - NCG

1- Khoi tao AO dudi dang mot vector 0

- sc

— —H
2- Khéi tao by =M. Ap ,

3- Khéi tao X(0) = by va o) = b
4- For n = 1 dén gia tri lap 16n nhét, do
5- a(n) :Mt.;(n—l)

_ " -
_ V'(n-1) .F(n-1)
6- a(ﬂ) - — H — — =
q(n) 'q(n) +YX(n-1) X(n-1)

—_ —H —

7-sn=M: q,,
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8- V) =Fm-1) — Ot(n)(Sn + ’YX(n71))

rw (n)
r(n) J\n
9'B(n):— H —

V'(n-1) .I'(n-1)

10- AOwy = AO -y + 0y X (1)
1= X = 7o + By X-n
12-if HFH < tolerance, then

13- Thoat khoi vong 1ap (Break iterations)

14- end if

15- end for

Dé lya chon tham sé vy ta sir dung cong thirc (2.13) [11]:

v =0.50, max {10"%"** 107} (2.13)

Véi © 3 duogc tinh theo phuong phép lily thira 1ap véi xdp xi ti sd Rayleigh
[13], theo thuat toan sau day:

Thuét toan 3:

- ~ N . N 2
1- Khéi tao vector ngau nhién don vi 00 va 65, =0
2- for n = 1 dén s6 vong 13p 16n nhat, do

3- Uy =M .0

— H —

2 Uw Uw
4- GO(n) - = H-
O-1) O@-1)
2 2
1% T o1
5-if > <tolerence then
Gon)
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6- Thoat khdi vong 1ap (Break iterations)

7- end if

8- rm) = Mt.())(n—l)

— _H—
9- S (n) =M, J(n)

- S(n)
10- Q@) T
Sn) Sn)

11- end for

2.3. Cac phuong phap toan hoc ning cao chit lwong khéi phuc anh

y sinh

Gia sir chung ta can giai mot hé phuong trinh tuyén tinh, v6i s6 phuong

trinh nhiéu hon sé an sd.
Phuong trinh tong quét ciia hé thong c6 dang:

y=Ax

—

chung ta can tim X néucan biet Ava y.

Trong d6: X la mdt vector; ¥ 1a mgt vector; A 12 mot ma tran.
Phuong trinh tong quat ctia hé thdng con dugc viét dudi dang:

Ax=b

Néu A 1a ma tran vudng, chung ta c6 thé tinh toan dugc nhu sau:

y=Ax
Ay =A"Ax
Aty =1Ix
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(2.15)

(2.16)
(2.17)

(2.18)



Aly=x (2.19)
Néu A khong phai 1a ma tran vudng thi ta khong tinh duoc A7 Tuy

nhién, phuong phap pseudoinverse co thé thuc hién duoc.
A" = pseudoinverse

H¢ phuong trinh nay la:
Ax=y (2.20)
a, X, +a,x, +..+a, x =y

ay X, +ayx, +...+a, x, =,

2n""n

(2.21)
a,x +a x,+..+a x =y,
Viét dudi dang ma tran, ta co:
a, 4ap a, || % Wi
ay Ay Ay || X2 | | I
: : : : (2.22)
_aml amZ amn_ _xn_ _yn_

Néu m > n, tirc s6 hang > sb cot, hay s6 phuwong trinh nhiéu hon sb bién.
Khi d6, hé thong duoc goi 1a hé c6 sb phwong trinh nhiéu hon sé 4n
(overdetermined). Co nhiéu giai phap dé giai quyét van dé nay. Mot trong nhimng

giai phap hi¢u qua la sir dung phuong phap Moore — Penrose Pseudoinverse:
ATA=1 (2.23)
Nhung AA* 5= I , trir khi ma tran A c6 thé nghich dao.
Vi vay, ta tién hanh giai nhu sau:

y = Ax (2.24)
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Ay~ A" Ax (2.25)

A+

< |
Q
~
= !

(2.26)

Ay~x (2.27)
trong d6, A" duoc tinh la:

A" = (AT A AT (2.28)
Vi vay:

A y~x (2.29)

Mot s6 phuong phap toan hoc ning cao chat luong khoi phuc anh y sinh
thong dung la: (1) Phuong phdp Moore — Penrose Pseudoinverse; (2) Phuong
phap Tikhonov regulazation; (3) Phuong phéap L, reguration.
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CHUONG 3. HE THONG PE XUAT

Vé6i muyc tiéu rat ngan thoi gian tai tao anh siéu am cat 16p trong khi van
phai dam bao chét luong anh khoi phuc dé c6 thé ap dung tao anh trong y té, tac
gia dua ra phuong phap hd trg quyét dinh ngudng ap dung cho DBIM - Liap vi
phan Born. N§i dung cua phuong phap duogc trinh bay dudi day:

3.1. Pé xuit

Ta c6 m6 hinh mot hé do thuc nghiém nhu sau:

Hinh 3.1: Cdu hinh hé do thuc té

Nguyén 1y hoat dong: May phat sit dung song siéu am (¢ day dung chum
Bessel) truyén t6i ddi twong, khi gip ddi twong cac song siéu am sé& bi tan xa ra
moi hudéng va duoc thu tai may thu. Tin hi€u thu duoc s€ duoc chuyén thanh tin
hiéu dién dé khuéch dai va xur 1y. Cubi cing s& cho ra hinh anh di tuong.

Tin hiéu tan xa chinh 14 4p suit tan xa p*(r) duoc tinh toan & phuong
trinh (2.3). Theo tinh toan ctia Chuong 2, p“(r) s& dugc tinh toan nhd sir dung
ham Green, phuong phap Moment va xap xi Born. Ap suat ton nay s& dugc may
thu thu lai dung dé khéi phuc hinh dang ddi tuong.
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Thong thuong may thu s€ thu toan bg tin hi¢u ap suét tan xa. Nhu vay ta
co s lugng tin hi¢u thu dugc s& 1a N, x N,. Trong do, N, la ) may phat va N; la
s6 may thu.

Ung voi mdi tin hiéu ap suat thu dugc, ta c6 mot phuong trinh dang

(2.11):

AP M AD

2
2

AO= arg min
AO

Trong d6, M, 1a ma tran M trong phuong phap DBIM, c6 kich thudc NN,
x N* dugc tao boi NN, phép do (N 1a sb pixel ctua ving khao sat). Nhu vay, ta
c6 thé thiy sb an (N\N,) s& 16n rat nhiéu hon so véi sé phuong trinh (N?) do d6
s& xuat hién nhiéu phuong trinh “khéng cé y nghia”, viéc thuat toan phai quét
hét sb phuong trinh nay s& 1am cho viéc tai tao anh mat nhiéu thoi gian hon.

Vi vay, t6i xin dé xuat phuong phép dit thém ngudng gisi han A cho 4p
suat tin xa nham giam sb luong cac phép tinh toan dé rut ngan thoi gian tao anh
y sinh.

Thuit toan 4: DBIM dé xuit

1- Chon gi4 tri khoi tao 0, =0,

2- While (RRE <¢) do
{

3- Tinh ma trdn B, C; P, p* tuong Ung véi O, theo cong thirc (2.6) va
2.7)

4- Pt ngudng gii han cho p* dé loai bét gia tri p* thu dugc bang cach
st dung cau I¢énh:

If (abs (p*) > A (A la gid tri nguong)

Str dung phuong trinh do tuong ung.

End
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5-Tinh Ap  tr p* do duge va gia tri tién doan

6- Tinh RRE twong tng véi AO duoc tinh trong (2.10)
7- Tinh gia tri 5(n+1) = 5(n) + A5(n)
8-n=n+l

b
3.2. Tim gia tri nguéng A tdi wu

Theo nhu phuong phap dé xuét trong 3.1 — Chuong 3, trudc hét ta phai
tim gia tri ngudng A phu hop dé dit cho viéc thu tin hiéu 4p suét tan xa p nham
loai bt cac gid tri py khong can thiét tir d6 rat ngan thoi gian khéi phuc anh.
Nhung gia tri A ndy ciing phai ¢ddm bao anh tai tao duoc chét luong tot nhat (van

phai dam bao 16i tai tao 4nh nhé nhu khi chua dit ngudng).

Hai tham s6 dé danh gi4 sy t6i uu cia gia tri ngudng A 1a: thoi gian tinh
toan tai tao anh (hay 1a thoi gian tinh toan cia DBIM) va 13i tai tao anh (13 su sai
khac ctua ma tran d6i twong sau mdi lan 1ip). Theo do, thoi gian tao anh cang
nho cang tot nhitng phai dam bao 13i tai tao anh nam trong pham vi cho phép
(twong duong vai khi khong dat ngudng) thi méi ddm bao anh tai tao phan anh

dung khéi u (hay ddi twong) can chuyp.

Trong luan vin ndy, tac gia da str dung phuwong phap thir do mot sb gia tri
ngudng A, sau d6 so sanh két qua mo phong twong Gmg véi gia tri ngudng cua

mdi lan dat va lya chon két qua c6 13i tai tao anh nho nhat.
3.3. Cac két qua md phong

Tham sé mé phéng: Tan sb phat 0,46MHz; s pixel ctia ving tai tao N x
N = 14 x 14; dudng kinh d6i tugng 10mm; mé hinh do thyc nghiém gém may
phat dat ¢d dinh cach ddi twong 104mm, may thu di chuyén trén cung hinh tron
tir goc -60° dén 60° nam ddi dién v6i may thu qua déi twong & tim voi bude dich
1a 1° (twong tmg véi 121 may thu) va cach ddi tuong 91mm.
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Pé thuc hién voi cac vi tri may thu va may phat khac nhau, ta giit nguyén
cAu hinh hé thu phat sau do sé dich chuyén ca hé 9 vi tri cach déu nhau xung
quanh dudng tron (twong tng mdi vi tri cach nhau 45°). Nhu vay, hoan toan c6
thé thu duoc déy dua ap suét tan xa tai moi diém cua dbi tuong tu 0° — 360°. Ta
c6 hé tuong duong gdm c6 9 may phat va 121 may thu. Chénh léch tbc do

truyén song 2%.

x 10° P

Hinh 3.2: Ham muc tiéu ly tuong

Hinh 3.2 1a ham muc tiéu ly tudéng trong kich ban mo6 phong (N = 14)
(trong thuc té, né chinh 1a khéi u la trong mdi trudng dong nhat). Muc tiéu cua
chung ta la khoi phuc dugc ddi tuong trén, st dung cac mo hinh, cac k¥ thuat xur
1y tin hiéu dé khoi phuc dugc anh v6i chat luong tot nhat va thoi gian khoi phuc

nhanh nht.
Kich bdan mo phong:

- Kich ban 1: Khong nhiéu. Thiét 1ap nhiéu Gauss bang 0 (dit noise_flag
= 2). Lan luot dit ngudng giéi han A = 0 (khong c6 ngudng gi6i han); 107
3x10% 5x10™%; 7x10™; 9x10; 107; 3x10™. Cac thong sd can quan sat dé danh
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gia két qua mo phong: Li tai tao anh sau cac vong lip (cang nho cang tbt), thoi

gian tai tao anh.

Ta c6 bang két qua thuc nghiém nhu sau:

Ngudng i ’ Thoi
gioi Loi tai tao anh tir vong lap 2 dén vong lap 10 ] M;
han (A) gian (s)
0 1.2128 0.7014 0.5669 0.3363 0.2032 0.1255 0.0733 0.0351 0.0198 106.3 1089x196
10 0.7305 0.8832 0.4844 0.2744 0.2000 0.0995 0.0435 0.0310 0.0223 106.0 1083x196
3x10™ | 09220 0.5194 03297 0.2084 0.0990 0.0566 0.0250 0.0125 0.0076 105.0 1071x196
5107 | 1.9314 09909 0.8064 0.3837 0.2300 0.1575 0.0588 0.0315 0.0179 104.7 1041x196
7x10™ | 1.0376 07078 0.6711 0.4391 0.4103 02141 0.0742 0.0220 0.0094 103.5 1007x196
9x10™ | 1.0655 0.5696 0.4093 0.1650 0.1231 0.1054 0.0599 0.0378 0.0183 102.0 971x196
107 1.0640 0.4388 0.4596 0.1634 0.0954 0.0318 0.0183 0.0113 0.0070 101.6 949x196
3x107 | 03990 0.3052 0.2736 0.2620 02585 02612 02601 0.2595 0.2589 89.9 387x196

Bang 3.1: Két qud thiee nghiém trong truong hop khéng c6 nhiéu

Nhan xét:

+ Vi¢c tdng ngudng gidi han cd tdc dung gidm kich thude cho ma tran M,

va ciing 1am cho thoi gian xt 1y giam dan. Tuy nhién, két qua 15i thi khéng on

dinh, c6 2 trudng hop cho 16i bé nhat.

+ Viéc ting ngudng gidi han cling chi dén duoc mot murc nhat dinh. Néu

tang nhiéu qua sé gay 15i 16n.

- Kich ban 2: C6 nhiéu. Thiét 1ap nhidu Gauss 5% (dat noise flg = 0).

Lan luot dit ngudng gidi han A = 0 (khong c6 ngudng gidi han); 107 3x10™;

5%10% 7x10™; 9x10™; 107; 3x10™*. Ung véi mdi gia tri ciia ngudng gidi han A,

do co tac dung cia nhicu nén 101 tai tao anh s€ thay do6i khac nhau nén phai tién

hanh thuc nghiém trong nhiéu 1an (it nhat 13 10 1an).
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Ta co bang két qua thuc nghiém nhu sau:

Nguong ~ , Théi
gidi Loi tai tao anh tir vong lap 2 den vong lap 10 ) M;
han (A) gian (s)
0 1.3360 0.9267 0.6078 0.5189 0.2652 0.1552 0.0590 0.0245 0.0181 108.2 1089%196
1.0201 0.7726 0.3985 0.1776 0.1017 0.0714 0.0400 0.0227 0.0136 107.9
1.1708 0.9100 0.4274 0.2577 0.0841 0.0455 0.0203 0.0099 0.0040 108.4
0.9936 1.0079 0.4743 0.2813 0.1006 0.0579 0.0346 0.0253 0.0160 126.7
1.2562 0.8311 0.4324 0.3768 0.2592 0.1357 0.1129 0.0559 0.0377 112.3
24265 0.6692 0.5292 0.2036 0.0648 0.0289 0.0131 0.0086 0.0050 108.9
1.2529 0.8047 0.6313 0.3796 0.1568 0.0815 0.0447 0.0209 0.0160 109.0
1.1151 0.7768 0.3260 0.1162 0.0387 0.0221 0.0100 0.0054 0.0022 108.7
1.0672 1.0941 0.7521 0.4400 0.1947 0.1249 0.0599 0.0263 0.0196 108.7
1.2507 0.8238 0.4327 0.2758 0.0771 0.0375 0.0183 0.0094 0.0036 108.8
10'4 1.9421 0.9553 0.5202 0.2870 0.1565 0.0767 0.0332 0.0151 0.0071 110.2 1083%x196
1.0798 0.8351 0.4440 0.1974 0.1387 0.0850 0.0550 0.0406 0.0287 109.0 -
1.5734 0.9605 0.4191 0.3415 0.1622 0.0872 0.0524 0.0348 0.0252 111.9
0.9311 0.8430 0.4534 0.1467 0.0650 0.0281 0.0175 0.0133 0.0089 109.0
1.1225 1.0181 0.5626 0.7047 0.2495 0.2283 0.1134 0.0548 0.0346 108.9
1.4634 1.0828 0.3614 0.3254 0.1352 0.0941 0.0407 0.0255 0.0123 108.6
1.2904 1.0708 0.4304 0.5521 0.2395 0.1376 0.0762 0.0525 0.0381 108.5
0.7630 0.5029 0.2634 0.2319 0.1151 0.0455 0.0331 0.0217 0.0138 111.9
0.9015 0.6623 0.3535 0.1333 0.0767 0.0401 0.0218 0.0164 0.0115 109.6
1.5220 0.8970 0.3402 0.2477 0.1078 0.0468 0.0224 0.0160 0.0102 109.3
1.3505 0.6583 0.4474 0.3769 0.1550 0.1288 0.0686 0.0364 0.0190 108.1
3><10'4 2.0951 0.5810 0.3642 0.1973 0.1287 0.0727 0.0287 0.0199 0.0135 111.0 1071%x196
1.2859 0.5884 0.3745 0.2955 0.0818 0.0590 0.0317 0.0172 0.0080 108.4
1.0267 0.8400 0.5013 0.3428 0.1287 0.0835 0.0575 0.0414 0.0248 108.0
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1.7907 0.6101 0.3121 0.1992 0.0893 0.0488 0.0321 0.0190 0.0105 106.2
1.6910 09193 0.5719 0.2285 0.1516 0.0832 0.0491 0.0321 0.0226 107.6
1.4840 0.7616 0.6445 0.3743 0.1108 0.0333 0.0182 0.0078 0.0064 106.7
1.4880 0.7293 0.2523 0.1275 0.0753 0.0410 0.0318 0.0186 0.0133 106.5
1.6981 13767 0.6801 0.4709 0.3218 0.1648 0.0884 0.0611 0.0416 107.2
1.2902 1.1099 0.5649 0.4988 0.2388 0.0965 0.0537 0.0232 0.0091 106.3
0.8250 0.6139 0.3446 0.1740 0.1349 0.0950 0.0361 0.0229 0.0143 107.1
5x10* | 1.2654 0.7309 04018 02633 0.1684 0.1122 0.0505 0.0220 0.0154 105.4 | 1041x196
1.4944 0.6112 0.3492 0.3240 0.1662 0.0965 0.0361 0.0186 0.0129 105.4
0.9849 0.7071 0.3486 0.1299 0.0704 0.0378 0.0127 0.0106 0.0069 105.2
0.9036 0.8691 0.6642 0.2734 0.2074 0.1144 0.0839 0.0476 0.0197 105.9
0.8155 0.8008 0.4693 0.1353 0.0773 0.0598 0.0295 0.0115 0.0072 105.3
1.0148 0.6225 0.3548 0.3002 0.1380 0.0907 0.0424 0.0230 0.0144 105.7
1.7737 0.6484 0.3904 0.1625 0.0556 0.0231 0.0120 0.0058 0.0035 105.9
1.1426 1.4418 0.6779 0.8285 0.4688 0.3153 0.2385 0.1968 0.0815 105.3
0.8475 1.1422 0.6223 0.3071 0.2178 0.1632 0.0813 0.0450 0.0189 105.7
0.8350 0.5518 0.5124 0.2752 0.1528 0.0775 0.0320 0.0179 0.0127 105.9
7x10* | 1.8079 0.8153 0.7940 0.5436 0.2890 0.2023 0.1296 0.0614 0.0326 104.4 | 1007x196
1.0847 0.6572 03650 0.1216 0.0752 0.0464 0.0225 0.0136 0.0078 104.2
1.0244 0.6754 0.3439 0.1449 0.0842 0.0516 0.0301 0.0218 0.0139 104.7
0.8148 0.3324 0.2036 0.0931 0.0567 0.0286 0.0166 0.0085 0.0033 104.8
4.0761 0.7024 0.5455 0.4836 0.2446 0.0896 0.0445 0.0339 0.0188 104.4
1.3285 0.7187 0.3309 0.1865 0.1029 0.0525 0.0303 0.0180 0.0113 104.3
1.1960 0.6504 0.3573 0.3463 0.1743 0.0799 0.0418 0.0213 0.0163 104.5
0.9840 0.5784 0.4221 0.2062 0.1274 0.1354 0.0672 0.0361 0.0134 104.1
0.8550 1.4237 0.4197 0.1811 0.1606 0.0819 0.0347 0.0302 0.0212 104.7
1.0174 0.6852 0.3436 0.1322 0.0741 0.0412 0.0189 0.0146 0.0091 104.3
0.9936 0.6746 0.3083 0.1221 0.0710 0.0538 0.0316 0.0236 0.0140 104.5
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9x10™ | 1.2841 0.5819 02617 0.1923 0.1124 0.0736 0.0337 0.0202 0.0146 103.5 971x196
1.3034 1.0933 0.4116 0.2950 0.2243 0.0991 0.0703 0.0333 0.0178 103.3
1.0786 0.7469 03510 0.1759 0.1032 0.0784 0.0487 0.0362 0.0239 103.2
1.1505 0.7941 0.4037 03192 0.1779 0.1014 0.0680 0.0394 0.0251 103.7
1.2889 0.7788 0.2976 0.1428 0.0606 0.0468 0.0283 0.0139 0.0046 104.1
1.6821 0.6947 0.3538 0.2645 0.2394 0.0864 0.0497 0.0200 0.0185 103.7
1.1284 0.6181 0.3346 0.2013 0.1214 0.0822 0.0384 0.0248 0.0177 103.5
0.9673 0.6160 0.3051 0.1042 0.0561 0.0491 0.0305 0.0232 0.0120 103.3
1.6913 09314 0.3444 0.1994 0.1212 0.0639 0.0379 0.0237 0.0183 103.5
1.0715 0.9641 0.7841 0.4023 0.1199 0.0921 0.0703 0.0451 0.0264 103.3
1.5510 0.6603 0.3501 0.1986 0.1339 0.0714 0.0472 0.0301 0.0222 103.1
10° 0.7866 0.7616 0.3095 0.0879 0.0651 0.0382 0.0236 0.0155 0.0113 102.2 949x196
1.0609 0.4736 0.2428 0.0918 0.0587 0.0407 0.0199 0.0115 0.0046 99.7
1.1230 0.5179 0.2529 0.1065 0.0773 0.0332 0.0218 0.0126 0.0105 100.0
2.5809 0.7446 0.4264 0.1225 0.0741 0.0432 0.0262 0.0129 0.0101 102.4
1.1368 1.0377 0.8973 0.4095 0.1969 0.1584 0.0841 0.0400 0.0206 100.6
0.8857 0.5459 0.2414 0.0937 0.0692 0.0342 0.0225 0.0180 0.0131 100.2
1.2005 0.5240 0.1998 0.1388 0.0876 0.0576 0.0303 0.0150 0.0089 102.0
1.2618 1.0647 0.4717 0.3383 0.1196 0.0598 0.0301 0.0146 0.0071 100.8
1.1960 0.5668 0.4765 0.3537 0.1376 0.1015 0.0475 0.0273 0.0123 100.2
1.2847 0.6498 0.2394 0.1075 0.0761 0.0517 0.0308 0.0184 0.0099 100.7
1.0980 0.5625 0.4553 0.2374 0.0942 0.0607 0.0316 0.0198 0.0101 100.6
3x107 | 0.7748 02805 02731 02608 0.2580 02634 02623 02608 0.2582 88.1 387x196
0.9644 03812 0.2551 0.2522 0.2550 0.2584 0.2598 0.2608 0.2609 88.3
0.8503 0.2675 0.2485 0.2543 0.2570 0.2591 0.2604 0.2613 0.2614 88.8

Bdng 3.2: Két qua thuc nghiém cé nhiéu
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Nhan xet:

+ Khi ting dan ngudng gidi han kich thudc ma tran M, giam dan diéu nay
c6 nghia sd lugng phuong trinh trong hé ciing giam dan va thoi gian tao anh
cling dugc rat ngan, trong khi d6 13i tai tao anh van dam bao dugc 1a nho, dap

ung y€u cau dé ra cua thuat toan.

+ Viéc tang ngudng gidi han ciing chi dén dugc mot muirc nhét dinh. Néu
tang nhiéu qua s& gy 13i tai tao anh 16n, diéu nay c6 nghia 1a anh tai tao khong
con phan anh dugc tinh chinh x4c cua anh géc.

+ Trong trudng hop dit ngudng cho ap sut tan xa 1a A = 7x10 cho két
qua c6 nhiéu trudng hop co 16i tai tao anh nho nhat va cé thoi gian tao anh (hay
thoi gian tinh toan cua phuong phap DBIM dé xuét) 1a nho hon tuong ddi so véi

thoi gian tinh toan ctia phuong phap DBIM truyén thong.

+ Ung véi mdi gia tri ngudng khac nhau trong khoang (10 dén 107) thi
déu c6 nhimg trudng hop cho 15i anh tai tao 13 twong dwong vé6i khi khong dit
ngudng, nhung tac gia di lya chon ngudng t6i wu 1a A = 7x10™ do c6 1 truong

hop cho 13i tao anh bé nhit trong cac trudng hop thir nghiém.

Tinh toan hi€u qua thoi gian: Thoi gian tao anh (hay thoi gian tinh toan
ciia DBIM) trong trudng hop khong dit ngudng gidi han cho ap sudt tan xa
trung binh 1a 110,7 (s).

Thoi gian tao anh trong tuong hop dat ngudng gidi han cho ap suat tan xa
A = 7x10 trung binh 13 104.4 (s).

Hiéu qua vé mat thoi gian khi str dung phuong phap DBIM dé xuét:

AT 110,7-104,4
T, 110,7

100% =5,7%

Do mdy tinh dang m6 phdng véi kich thudc anh tai tao nho (14x14) nén
chua thdy rd dugc nhitng hiéu qua vé thoi gian (5,7%). Trong thyuc té kich
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thude anh thudng 16n hon rat nhiéu so véi mé phong thi hidu qua vé mat thoi
gian 16n hon.

Hinh 4nh ham muc tiéu d6i trong sau mdi 1an lip khi dung phuong phap
DIBM va c¢6 dit ngudng gidi han cho 4p sudt tan xa A = 7x10™. Trong d6 cot 1

1a s budc 1ap, cot 2 14 hinh dang tuong tmg.

Budc | Téi tao ham muc tiéu c6 dat ngudng gidi | Tai tao ham muc tiéu trong truong hop
lap han cho 4p suét tan xa khong dat ngudng gidi han
o s “ 2
I A 4
1
2
3
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x 10 : H % 10

10

Bang 3.3: Bdang hinh anh ham muc tiéu sau méi lan Idp
Duya vao hinh anh thu duogc tir md phong qua l1an lap tha 10 ta c6 thé thay
dugc ham muc tiéu mo phong dbi tuong trong truong hop dat ngudng giong véi
ham muc tiéu mo6 phong ddi tuong trong truong hop khong dit ngudng va tuong
d6i giéng véi ham muyc tiéu 1y twong nhu trong hinh 3.2.
Diéu nay cho thiy, phuwong phap ap dung dé khéi phuc ddi twong 1a hoan

toan chinh xac va dam bao yéu cau deé ra.
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Nhw viy, viéc st dung phuong phap dé xuat cho hiéu qud vé mdt tiét
kiém thoi gian, ddng thoi van dam bao duoc do chinh xac, hinh anh déi tuong
sau khi tai tao gidng véi trudng hop khong dit ngudng. Piéu nay hét stc c6 ¥
nghia trong thuc té khi ma d6 phan giai trong thuc té 16n gap nhiéu lan véi do
phan giai trong mé phong, trong khi d6 yéu cau vé thoi gian 13 rit quan trong
trong chan doan bénh ddi v6i nganh y té. Tuy nhién, dé khao sat thoi gian tiét
kiém dugc nd con phu thudc nhiéu yéu té khach quan nhu cu hinh may tinh, sb

luong mau khao sat...

Cung voi cac phuong phap khac dé ning cao chit luong anh chup, trong
khi phai dam béo thoi gian tinh toan trong chup anh siéu am cat 16p sir dung tan
xa nguoc 1a nho nhit cia cac tac gia di trude nhu tmg dung ky thuat két hop tan
56, thay doi s luong may phat, may thu, st dung phuong phéap ndi suy két hop
v6i x4p xi Born... thi phuong phap dit ngudng gidi han cho céc tin hiéu ap suét
tan xa gop phan hoan thién cho hudng nghién ctru chup anh siéu 4m cét 16p tai

Khoa Dién tir Vién thong.
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KET LUAN

Luan van di thanh cong trong viéc rat ngan thoi gian tao anh siéu am
bang cach dit ngudng gidi han dé loai bo bdt sé phuong trinh do ap sudt tan xa
kém ¥ nghia va han ché s luong cac phép tinh toan. Trong khi d6, van dam bao
chét luong anh y sinh theo phuong phap khong dit ngudng. Viéc khoi phuc anh

sau d6 dugc thuc hién baoi phuong phap Moore - Penrose Pseudoinverse.

Nhu vay viéc dat ngudng gio1 han trong vié¢c cai thi¢n tdc d6 tao anh da
thanh cong. Budc tiép theo cuia dé xuat nay 1a viéc thir nghiém dé xuat trong tao

anh v6i nhimg dir liéu thuc té dé co thé ap dung theo thoi gian thuce trong y té.
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PHUC LUC: CODE MATLAB DBIM

Ham muc tiéu — doi tweng:

for m=1:N
for n=1:N
dis=sqgrt (pix X(m,n)"2+pix Y (m,n)"2);
if dis>.5*7.3e-3
SC(m,n)=0;
else
SC(m,n)=(2*pi*f) "2*(1/(cl"2) -
1/ (co”2));
end;
end;
end;

Sau khi da ¢6 ham muyc tiéu ly tudng ta tao cAu hinh hé do véi viée b tri
cac may phat, may thu va vat thé:

Céu hinh hé do:

k2=-104e-3*cosd(phi p(transl)) Stoa do x
kl= 104e-3*sind(phi p(transl)) S%tao do y

$========THIET LAP VI TRI MAY THU (KK2,KKl)===========
phi=-60+phi p(transl) : 60+phi p(transl);

KK2=cosd (-phi) * (No); % toa do x

KKl=sind (-phi) * (No); %toa do vy

if iter==1 % Neu iter=1 thi logic 1 wva nguoc lai

figure (100) %Figure 100.Thiet lap may phat va may
thu.

hold on; grid on;
plot (0,0, 'co",k2,k1,"'.k",KK2,KK1, ".r"); %Spause;

legend ('Object area', 'Transmiter', 'Receiver')
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end;

Lip vi phian Born, dé viét chwong trinh trén Matlab ta c6 cic ham
con phai tinh sau:

- Tin hiéu cuaa song t¢i p™*

PINC = [];
for l=transmiter
pinc = besselj (0, ko*sgrt ((kl-pix Y)."2+(k2-pix X)."2));
PINC = [PINC ; pinc];
End;
save PINC 2D matrix PINC

- Ssc

Tin hi¢u P trong thuc té c6 thé do duoc béng cach léy hiéu sb cua tin

hiéu tai mdy thu khi c6 d6i tuong va khi khong c6 ddi twong. Con trong mod
- sc

phong thi P lai c6 thé tinh bang phuong trinh (2.7) st dung ham muc tiéu 1y
tuong. Nhu vay theo phuong trinh ta con phai tinh hai ma trén B va C, ma trén B
va C chinh ma ma tran hé sb ctia ham Green tir cac pixel t6i may thu va hé sb
Green gitra cac pixel:

Cach tinh ma tran B:
BB=[];
for 1l=detector

B=—.25%j*h*h*bessel] (0, ko*sqrt ( (KKL (1) -pix') ."2+
KK2 (1) -pix) ."~2));

BB=[BB ; B]:;

BB SC=[BB SC ; B SC]J];

BB SC1=[BB SCl1 ; B SC1];
end;

save BB 2D matrix BB
Cach tinh ma tran C:

CC=[]; % gilua cac pixel
for 11=1:N

for 12=1:N

C=-.25*3*h*h*bessel]j (0, ko*sgrt ((k(11l)-
pix") . "2+ (k(12) -pix)."2));

CC=[CC ; C];
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end;

end;

save CC 2D matrix CC

Sau khi tinh toan ta c6 dir li€u tan xa, thuc hién thu dir tin liéu tan xa:
Tai day, tdc gid da dé xuat phuong an dat ngudng gidi han doi vai cac tin hiéu
ap suat tan xa thu dugc nham han ché so lugng tin hi¢u thu dugc, tir dé rut ngan
tho1 gian tao danh y sinh, trong khi van phai dam bao chat lugng cho anh:

%====THU DU LIEU OVER-CIRCLE, UNG 1 VI TRI MAY PHAT=======
for decl = 1:length(phi)

p sc,p,B] = create data func cavichi2 (N, SC,SC1l,u,uu);
u=u+ 1; % tang index cua detector
if (abs (p_sc)> A) % dat gioi han nguong A
p sc t = [p sc t; p scl;
M = reshape (B.*p,1,N*N);%using predict presure matrix
Mt = [Mt;M],;, % add more detector
end;

end; % end of decl, may thu.

Khoi phuc dir li¢u tan xa: O day lua chon phuong phéap toan hoc Moore
— Penrose Pseudoinverse dé khoi phuc dit li€u tan xa

$=KHOI PHUC DU LIEU SU DUNG "Moore- Penrose Pseudoinverse=

SCl = pinv(Mt)*p sc t; Sreturns the pseudoinverse of Mt.
Pseudoinverse is also called the Moore-Penrose inverse.

SCl1 = reshape(SC1l,N,N); %Schuyen ma tran SCl la ma tran
NxN.

figure; %Figure2,3,4,5,6,7,8 la ket qua khoi phuc sau
1,2,3,4,5,6,7 buoc lap.

surf (X,Y,abs (SCl)); %3-D shaded surface plot.
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