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LOI NOI PAU

Cung voi su phat trién manh mé cta nén kinh té thé kéo theo nhimng hé luy 1a
moi truong bi huy hoai, nhiéu loai bénh méi nguy hiém hon xuét hién, ung thu 1a mot
trong s6 cin bénh nguy hiém ma nhan loai dang phai d6i mat. Ngay nay ung thu c6 thé
dugc phat hién sém dé diéu tri nhd cac thiét bi chuan doan bénh bang hinh anh. Siéu
am 1a mot phuwong phap dang duoc p dung hién nay véi uu diém ndi troi 1a khong doc
hai, nhung nhitng phuwong phap truyén théng nhu B-mode van con nhiéu nhuoc diém
vé chat lugng anh chuan doan. Gan day phuong phap tao anh cit 1op bat dau duoc
quan tdm do su phét trién manh vé phan mém va phan ctng, nhung phuong phap nay
mic du di hon phuong phap B-Mode vé chét luong nhung chua c6 nhiéu tng dung
trong thuong mai do chat lugng anh van chua thuc sy tt.

Tao anh siéu am cat 16p sir dung tan xa nguoc dua trén hai nguyén 1y hoat dong
la 1ap Born (Born Iterative Method — BIM) va 1dp vi phan Born (Distorted Born
Iterative Method — DBIM) 13 hai phuong phap duoc cho 14 tot nhat hién nay cho tao
anh tan xa. Trong d6 1ap vi phan Born c6 uu diém 1a tbc do hoi tu nhanh 1a phuong
phép tac gia lua chon dé cai tién. Luan vin nay dé xuat phuong phép st dung 2 tan sb
trong khoi phuc anh. Céc két qua danh gia cho thdy phuong phap dé xuat cho két qua
tot.



LOI CAM ON

Lu4n vin nay 1a két qua 1am viéc chiam chi ciing nhu nhimmg ¥ kién dong gop,
chi dan nhiét tinh cua thiy huéng dan, TS. Tran Dtc Tan. Puoc lam viée cing thay,
v6i die tinh ctia mot nha gido, nha nghién ctu tré, thay 1a hinh miu ma t6i noi theo
trong cong viéc nghién cru dé hoan thanh luan vin nay.

T6i ciing xin giri 161 cam on dén cac thiy, c6 va ban bé trong 16p K18DTVT,
Khoa Pién Tur — Vién Thong, Truong Pai Hoc Cong Nghé, Pai Hoc Quéc Gia Ha No1
da c6 nhitng nhan xét, gdp ¥ cho luan van nay cua toi.

T6i ciing chan thanh cam on sy hd tro mot phan tir dé tai cap Truong DPHCN
(CN.13.08)

Cubi cliing toi xin giri 101 cam on dén gia dinh t6i, co quan t6i, nhitng ngudi da
tao diéu kién cho toi hoc tap va nghién ctu. Gia dinh la dong luc cho téi vuot qua

nhitng thir thach, luén luén ung hd va dong vién téi hoan thanh ludn van nay.



LOI CAM DOAN

T6i xin cam doan ludn vin nay 1 san phim cta qua trinh nghién ctru, tim hiéu
ctia ¢4 nhan dudi sy hudng dan va chi bao cua cac thdy huéng dan, thiy co trong bd
mon, trong khoa va céc ban bé. Toi khong sao chép céc tai liéu hay cac cong trinh
nghién ctru ciia ngudi khac dé 1am luan vin nay.

Neéu vi pham, t61 xin chiu moi trach nhiém.

Dam Duc Cuong



MUC LUC

LOTNOTIBAU ... 0
MUGC LUC ..ottt eneneas 4
DANH MUC CAC KY HIEU VA CHU VIET TAT ....oooiviveeeeeeeeeeeeeeeeeeeeeen. 1
DANH MUC CAC BANG ... s ee s eeeeen. 2
DANH MUC CAC HINH VE ..ot e s s s e, 3
CHUONG 1. GIOI THIEU .....coooiiiieeeeeeeeeeeeeeeeeeee e 4
1.1. TONG QUAN VE ANH Y SINH .....co0iiiuiiiriierieeieeereeeeeeeteeeeseeeeseeereeeaveeenneeeseeeeseeens 4
1.2, TO CHUGC LUAN VAN ..ttt e e e e e e e e e e e e e e eee e e e e e s e s e e eeaeeeeens 16
CHUONG 2: NGUYEN LY HOAT DONG ..ottt 17
2.1. LAP VIPHAN BORN (DBIM).....ccciiiiiiiiiiieeieeeeeceee e 17
2.2, BAITOAN NGUGC ... ..cciiiuiieeeiieeeieeeeeiteeeereeeeteeeeeteeeeeteeesaseeesaseeessesesesseeeenseeens 19
2.3. CHI SO PHO QUAT CHO CHAT LUGNG ANH.......coeoiiieieiieieieieeeeieeeeeeeeeeseeeesneeens 21
CHUGONG 3: PHUONG PHAP DE XUAT ...coooooovoiieeeeeeeeeeeeeee e, 24
3.1, DE XUAT oottt ettt e e et eaeeeteeeraeenneas 24
3.2. TIM GIA TRIX TOTUTU. uviioviierieereeeeeeeeeeetee et eetee e e e eeeeeateeeteeeeaeeeeaeeenneeeanas 25
CHUONG 4: KET QUA .....ooiiieeeeeeeeeeeeeee e 31
KET LUAN ..ot 41
TAILIEU THAM KHAO ..o 42
PHU LUC 1: CODE MATLAB DBIM........cooiimiiiieeeeeeeeeeeeeeeseee e 44

PHU LUC 2: CODE MATLAB DBIM DE XUAT ..o 51



DANH MUC CAC KY HIEU VA CHU VIET TAT

Ky Hiéu Don vi Y nghia

BIM Born Iterative Method/Phuong phap 1ap Born
DBIM Distorted Born Iterative Method/Phuong -
phap Lap vi phan Born

N, S6 lugng may phat

N, S6 lugng may thu

h mm La kich thudc cia mot 6 (pixel)

N S6 lugng 6 (pixel) theo chiéu doc/ngang
co(7) m/s Van tc truyén song trong moi trudng chuin
¢, (7) m/s Van tdc truyén song trong dbi twong

0(7) (rad/m)?  Ham muc tiéu

pe () Pa Song ti (tin hiéu téi)

p(r) Pa Tin hiéu tong

p*c(r) Pa Tin hiéu tan xa

k, rad/m S6 song



Bang 3.1:
Bang 3.2:
Bang 3.3:
Bang 3.4:
Bang 4.1:
Bang 4.2:
Bang 4.3:
Bang 4.4:
Bang 4.5:
Bang 4.6:

DANH MUC CAC BANG

Sai sb tmg véi ting gi tri clia x sau tong s6 budc 1ap 1A §............. 26
Sai sb tmg véi ting gia tri clia x sau tong s6 budc 1ap 1A §.............. 27
Sai s6 ing voi ting gid tri cta X sau tong s6 budc lap 1 8 ............... 28
Sai s6 ing voi ting gid tri cta X sau tong s6 budc lap 1 8 ............... 29
Sai sb err thuc hién ¢ f, qua tirng budc 13p (N =22) ..o, 31
Sai sb err thuc hién ¢ £, qua tirng budc 13p (N =22) ..o, 31
Sai s6 err thuc hién két hop 2 tan s6 DF - DBIM (N =22)................ 32
Tham s Q thyc hién 6 f; qua ting budc 1ap (N =22) ..o, 32
Tham s Q thyc hién 6 f, qua ting budc 1ap (N =22) ....c.oeeveene.. 32
Tham s6 Q khi thyc hién DF - DBIM (N =22)....cocoeuvveierieeeeeeenn. 32



Hinh 1.1:
Hinh 1.2:
Hinh 1.3:
Hinh 1.4.
Hinh 2.1:
Hinh 3.1:
Hinh 3.2:
Hinh 3.3:
Hinh 3.4:
Hinh 4.1:
Hinh 4.2:
Hinh 4.3:
Hinh 4.4:
Hinh 4.5:
Hinh 4.6:
Hinh 4.7:
Hinh 4.8:
Hinh 4.9:

DANH MUC CAC HINH VE

Minh hoa nguyén Iy may CT.......coooviviiiiiiiiieeeeee e 5
IMOMENLE LU ...ttt et et 6
SO A0 MAY MR ... 9
SO A0 NGUYEN 1Y SIBU AM ..o 13
CAU NN N Q0.eveeverierii et 17
Sai s6 qua cac budc lip (may phat = 44, may thu = 22) ................... 26
Sai s qua cac budc lip (may phat = 15, may thu=7) ....ccocevvemn...... 27
Sai s qua cac budc lip (may phat =22, may thu=11) ......o.cc......... 28
Sai s qua cac budc lip (may phat =27, may thu = 14) ................... 29
Ham muc ti€u Iy trdng (N =22) .ccciiieiieeeeeeeeeee e 31
Két qua khoi phuc sau budec 1ap thir 1 (N =22) ..o, 33
Két qua khoi phuc sau budc 1ap thir 2 (N =22) ..o 34
Két qua khoi phuc sau bude 1ap thir 5 (N =22) ..o, 35
Két qua khoi phuc sau bude 1dp thit 6 (N =22) ....covvevieeeeeeeeen 36
Két qua khoi phuc sau bude 1ap thir 7 (N =22) ..o, 37
Két qua khoi phuc sau budc 1ap thir 8 (N =22) .....coovvrverrrreenn. 38
D thi so sanh err cia DF — DBIM va DBIM (N =22) .......cc.cc......... 39

Mit cét thang dung di qua trung tAm ctia ham muc tiéu khéi phuc. ..39



CHUONG 1. GIOI THIEU

1.1. Téng quan vé anh y sinh

C6 cac loai phwong phap chuan doan bénh bang hinh anh phd bién trong Y-
Sinh nhu chyp X quang, chup CT (Computed Tomography), chup cong hudng tur
(magnetic resonance imaging), Si€u am (ultrasound).
1.1.1. Chup citlép CT

CT la tir viét tat cua Computed Tomography. Tomography duoc tao tir hai tir
trong tiéng Hy Lap : tomo nghia 13 14t, miéng va graphy 1a mo ta. Vay c6 thé hiéu CT
1a “chup anh cac 1at cit bang tinh toan”, CT c6 kha ning tao hinh anh “xuyén qua” co
thé bénh nhan. CT con co tén goi khac 1a CAT (Computed axial tomography).

So lwge nguyén ly:

Ban di di chup X-quang bao gio chua? Cac ky thuat vién bat ban ding giita
mot may phat tia X va mot tAm phim. Sau khi chup ban s& thay trén phim két qua c6
nhitng ving dam nhat khiac nhau mé ta cic co quan trong co thé ban. Tia X ¢ ban
chét gibng vai anh sang ban thiy hang ngay — déu 1a séng dién tir nhung c6 budc séng
rat nho, ning luong 16n nén c6 kha ning dam xuyén rat manh. Khi tia X di qua co thé
ban, n6 s& bi cac co quan trong co thé hap thy mot phan. Ning luong tia X giam tuan
theo dinh luat Beer :

I =1, exp(-px) (1.1)

Trong do

Iy , I: nang luong tia X luc dau va sau.

it : hé s suy giam tuyén tinh ctia vat liéu, ddc trung cho kha nang lam suy giam
nang luong tia X cia vat chat.

X : quang duong tia X di qua

Céc co quan khac nhau hap thy tia X khac nhau. Vi vay chum tia X khi di ra
khoi co thé s& gém céc tia co nang luong khac nhau, mirc d6 tac dong 1én phim khac
nhau nén trén phim s& ¢ cac ving sang téi mé ta cac co quan bén trong co thé ban.

CT ciing dung tia X nhung c6 nhiéu diém khac biét va phirc tap hon X-quang
thong thudong. Mot chum tia X dwogc sir dung “cat” ngang qua co thé ban. O phia bén
kia, thay vi dit mot tAim phim, ngudi ta ding cac mdy thu (May thu) dé ghi lai tin hiéu
nay. Tia X va may thu s& quay xung quanh ban nhung quy dao quay van nam trén mot
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mit phang dé lay dir liéu vé 1at cat nay. Toan bd nhitng dir liéu nay goi 1a dit liéu tho
(raw data). Ching ta khong thé hiéu duoc cac dit liéu ndy. Vi vy phai ding téi cac
phuong phép toan hoc dé bién d6i cac dir liéu tho thanh hinh anh. Cac thuit toan
thuong dung bién d6i 1a : filtered back-projection (v6i bd loc Laks hay Sheep-Logan)
hodc expectation-maximization (EM). Cac anh tai tao la cac anh da mirc xdm, nguoi ta
thuong dung s6 HU (Hounsfield unit) hay con goi 1a sé CT dé biéu thi mic xam cua
anh CT.

Hinh 1.1: Minh hoa nguyén ly may CT

Viéc bién d6i dit liéu tho thanh hinh dnh dong nghia véi viée giai rat nhiéu
phuong trinh phuc tap, vi vay can cic mdy tinh manh. Vao thoi diém nam 1974 cac
may tinh chua manh nhu biy gio nén ta c6 thé hiéu vi sao thiét bi dau tién cua
Hounsfield mat vai gid dé lay thong tin tho trén mdi lat cit va mat vai ngay dé tai tao
thanh hinh anh. Hién nay thi cac may CT hién dai c6 thé iy thong tin tho trén 256 lat
cit trong cung mot lac,khoang cach giita cc lat cat vao khoang Imm va chi mat it
gidy dé tai tao hinh anh c6 kich thudc 1024x1024pixel. Nam 2007, hang Toshiba da
gidi thiéu mot thé hé CT 320 lat cat. Cac may CT c6 kha ning quét dong thoi trén
nhiéu lat cat duoc goi 1a MS-CT (multi-slice CT).

Hién nay hau hét cac may CT déu c6 phan mém tai tao hinh anh 3D tir cac slice.
Céac phan mém nay cho phép bac sy “nhin” cac co quan bén trong co thé theo moi
hudng, c6 thé cit lai trén nhiéu huéng khac nhau.

U'u diém va nhwoc diém:

CT duoc str dung rong rai vi cho hinh anh rit sic nét, co do tuong phan cao,
nhanh. Nho cac phﬁn mém, chung ta co thé sur dung céc dir li¢u mdt cach linh hoat.

Tia X khong gay dau, do do cling nhu chup X quang ban khong c6 cam giac gi
khi chyp CT. Ban c6 thé chi cam thay hoi khé chiu khi phai nam trong mét céi vong
16n nhung ban khong phai nam lau. Mdi ca chup thong thuong chi tén khoang vai
phut. Trong mot sé trudng hop nhu chup khdi u, mach mau,...ban phai tiém thém chét
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phan quang dé ting do twong phan cua anh chup. Hoa chit nay kha dat tién va lam
tdng cao chi phi cua ban.

Khi sir dung CT ciing nhu cic phuong phap chan doan ding tia X khac chung ta
can luu ¥ van dé an toan véi tia X. Khi chup CT ban khong c6 cam giac gi nhung thuc
ra co thé ban d3 hap thu mot luong tia X nhat dinh goi 1a 1idu hap thu Khi ban chyp
CT, thong thuong ban di hap thu mot lidu bang liéu ban hap thu tir méi trudng tu
nhién trong khoang 6 thang dén 3 nam.

Rt kho dé tra 16i chung chung mat dé chup CT nhu thé ndo thi van an toan vi
n6 con phu thudc thiét bi va nhiéu yéu té khac nira. Tuy nhién, c6 thé néi ring cang
han ché chup cang tot.

1.1.2. Chup cong huwéng tir MRI

Nguyén ly

Chung ta déu biét moi vat thé déu dugc ciu tao tir nguyén tr. Hat nhan nguyén
tr dugc cau tao tlr cac proton (mdi proton mang dién tich +1) va cac neutron (khong
mang di¢n tich). Quay quanh hat nhan la cic electron (mang di¢n tich am). Trong
nguyén tir trung hoa dién tich, sd proton cia hat nhan bang ding sd electron cta
nguyén tir d6. TAt ca cac tiéu thé nay déu chuyén dong. Neutron va proton quay quanh
truc cua chung, electron quay quanh hat nhan va quay quanh tryc cua ching. Sy quay
clia cac tiéu thé néi trén quanh truc ciia chiing tao ra mét momen goc quay goi la spin.
Ngoai ra, cac hat mang dién tich khi chuyén dong s& sinh ra tir trudng. Vi proton c6
dién tich duong va quay nén né tao ra mot tir truong, gidng nhu mot thanh nam cham
nhd, goi 1a momen tur .

m
o

Hinh 1.2: Moment tur
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Nho céc dic tinh vat Iy nhu vay, khi dat mot vat thé vao trong mot tir truong
manh, vat thé d6 c¢6 kha nang hép thu va buc xa lai cac xung di¢én tor & mot tan sd cu
thé. Khi hfip thy, trong vat thé d6 dién ra hién tuong codng huong tir hat nhan. Tan sb
cong hudng cia cac vat thé mo thong thudng nam trong dai tAn cua séng vo tuyén.
Con khi birc xa, vat thé d6 ciing phat ra cac tin hiéu vo tuyén

Co thé chung ta céu tao chi yéu tir nudc (60-70%). Trong thanh phan ciia phan
tr nuGe ludn c6 nguyén tir hydro. V& mat tir tinh, nguyén tir hydro 1a mot nguyén tix
dac bi€t vi hat nhan cia chung chi chira 1 proton. Do d6, n6 ¢6 moét moémen tir 16n. Tur
diéu nay dan téi mot hé qua la: néu ta dua vao hoat dong tir cia cac nguyén tir hydro
dé ghi nhan su phan bd nudc khic nhau cua cac mo trong co thé thi chung ta c6 thé ghi
hinh va phéan biét dugc cac md d6. Mit khac, trong cting mot co quan, cac ton thuong
bénh 1y déu dan dén su thay doi phan bd nudce tai vi tri ton thuong, dan dén hoat dong
tir tai d6 s& thay doi so vdi md lanh, nén ta ciing s& ghi hinh duoc cac thuong ton.

Ung dung nguyén 1y nay, MRI st dung mot tir trudng manh va mot hé théng
phat cac xung co tan sd vo tuyén dé diéu khién hoat dong dién tir cia nhan nguyén tt,
ma cu thé 1a nhan nguyén tir hydro c6 trong phéan tir nudc cta co thé, nham buc xa
nang luong dudi dang cac tin hi€u cé tan sb vo tuyén. Céc tin hi¢u nay s€é dugc mot hé
théng thu nhan va xur 1y dién toan dé tao ra hinh anh cua ddi tuong vira dugc dua vao
tur truong do.

Qua trinh chup MRI gdm c6 4 giai doan. Nguyén 1y cta 4 giai doan nhu sau:

Giai doan 1: Sap hang hat nhan

MBJi proton trong méi trudng vat chat déu cé6 moét mémen tir tao ra bai spin noi
tai cia nod. Trong diéu kién binh thudng, cac proton sip xép mot cach ngau nhién nén
momen tir ctia ching triét tiéu 1dn nhau do d6 khong co tir truong du ra dé ghi nhan
duoc. Khi dit co thé vao may chup MRI, duéi tdc dong tur truong manh cua may, cac
momen tir cta proton s& sap hang song song cung huéng hodc nguoc hudng cua tir
truong. Tong tat ca moémen tir ciia proton luc nay duge goi lavecto tir hoa thuc. Cac
vecto tlr sap hang song song cung chiéu véi hudng tir truong may co sé lwong 16n hon
cac vecto tir sdp hang nguoc chiéu va chiing khong thé triét tiéu cho nhau hét. Do d6
vecto tir hoa thyc ¢6 hudng clia vecto tir truong mdy. D6 1a trang thai can bang. Trong
trang thai can bﬁng khong c6 mdt tin hi¢u nao co thé duoc ghi nhan. Khi trang thai can
bang bi x40 trén s& co tin hiéu duoc hinh thanh.

Ngoai sy sap hang theo huéng cia tir trudng may, cac proton con c6 chuyén
dong dao, tirc quay quanh truc cua tir trudng may. Chuyén dong dao 1a mot hién tuong
vat 1y sinh ra do sy twong tac giita tir truong va dong luong quay cua proton. Chuyén
dong dao giébng nhu hién twong con quay, nd 1am cho proton khong dting yén ma dao
quanh truc cua tir truong bén ngoai .Tan sd cua chuyén dong dao nam trong dai tan sb
cta tin hiéu RF va dugc xac dinh bang phuong trinh Lamor. Khi phat xung RF cing
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tan sd v4i proton dang chuyén dong dao thi proton hap thy ning luong xung tao nén
hién tugng cong huong tir hat nhan.

Giai doan 2: Kich thich hat nhan

Sau giai doan sdp hang hat nhan, cudn phat tin hiéu ctia may phat ra cac xung
dién tir ngan goi 12 xung tan sd vo tuyén. Vi cac xung phat ra c6 tan s6 RF tuong tng
v6i tan s6 cong huong cliia proton nén mot sd ning luong s& duoc proton hap thyu. Suw
hép thu ning luong nay s& diy vecto tir hod lam chung 1éch khoi huéng cua vecto tir
truong may. Hién tuong nay goi 1a kich thich hat nhan

Co hai khai niém quan trong trong xur 1y tin hi¢u do la tir hoa doc, song song
voi tir trudng ciia may va tir hoa ngang, vudng gbc voi tur truong may.

Twr héa doc 1a hién tugng tir héa do anh hudng cia tir truong may. D6 chinh 1a
trang thai can bang nhu da trinh bay & trén. Trang thai nay dugc duy tri cho dén khi c6
mot xung RF tac dong lam vecto tir hod I¢ch khoi hudng cua vecto tir truong may. Khi
phat xung RF, sau mot thoi gian nao do, vecto tir hod lai khoi phuc tré vé vi tri doc
ban dau. Qua trinh khéi phuc theo hudng doc cia tir trudng may goi 1 qua trinh din
theo truc doc . Thoi gian dan theo truc doc 1a thoi gian can thiét dé hién tuong tir hoa
doc dat 63% gia tri ban dau ctia n6. Thoi gian nay con goi 14 thoi gian T1.

Tt hoa ngang xay ra khi phat xung RF 1én m6. Xung nay thuong 1a xung 900.
Do hién tugng cong hudng nén vecto tur hoa I¢ch khoi hudng cua vecto tur truong may
va bi day theo hudng ngang tao nén vecto tir hda ngang . Tir hda ngang 13 trang thai
khong on dinh, kich thich va nhanh chong phan ra khi két thuc xung RF. Tir hoa ngang
cling 1a mot qua trinh dén goi 1a din theo truc ngang. Khi ngat xung RF, vecto tir hoa
ngang mat pha, suy giam nhanh chong va dan dan tro vé 0. Thoi gian can thiét dé 63%
gia tri tir hoa ban dau bi phan rd goi 13 thoi gian din theo truc ngang . Thoi gian nay
con goi 1a thoi gian T2. Thoi gian T2 ngan hon nhiéu so véi thoi gian T1.

Giai doan 3: Ghi nhan tin hiéu

Khi ngat xung RF, cac proton hét bi kich thich, tr¢ lai sdp hang nhu cii dudi anh
huong cua tr truong may . Trong qua trinh nay, khi mémen tur ctia cac proton khoi
phuc tr¢ lai vi tri doc ban dau, chung s€ buc xa nang luong dudi dang céc tin hi¢u tan
s6 vo tuyén. Céc tin hiéu nay s& dugc cudn thu nhan tin hiéu ctia may ghi lai.

Giai doan 4: Tao hinh anh

Cac tin hiéu vo tuyén blre xa tir vt thé méd sau khi dugc cudn thu nhan tin hiéu
cua may ghi lai s€ dugc xu ly dién toan dé tao ra hinh anh. Cuong do buc xa tir mot
don vi khéi lugng mé dugc thé hién trén phim chup theo mot thang mau tir trang dén
den. Trong d6 mau tra‘mg la cuong do tin hi¢u cao, mau den la khong c6 tin hi¢u.
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Hinh 1.3: So d6 may MRI

Uu diém cua MRI 13 anh cua cdu tric cac mé mém trong co thé nhu tim, phoi,
gan va cac co quan khac rd hon va chi tiét hon so v6i anh duoc tao bang cac phuong
phap khac, khién MRI tr¢ thanh cong cu trong chan doan bénh thoi ky dau va danh gia
cac khéi u trong co thé. Nhung né ¢é nhwoe diém 13 cac vat bang kim loai cdy trong
co thé (khong dugc phat hién) co thé chiu anh hudng cia tir trudng manh va khong sir
dung véi cac bénh nhan mang thai & quy dau, trir khi that can thiét.

1.1.3. Chup siéu am

Siéu am 1a mdt loai dao dong co hoc duogc truyén di trong mgt moi1 truong vat
chat nhat dinh. Nang luong co hoc nay tac dong vao cac phan tir vat chat cia moi
tr-wong lam cho chiing dao dong khoi vi tri can bang, mat khac do twong tic ma cac
phan tir bén canh no ciing chui anh hudng va dao dong theo, tao thanh séng lan truyén
cho t6i khi hét nang luong. chinh vi vay siéu am khong thé truyén & méi trudng chan
khong nhu cac song dién tur.

Am thanh duoc chia thanh 3 loai dua theo tan sé. Nhiing am thanh cé tan s
duédi 16 Hz ma tai nguoi khong thé nghe dugc 1a ha 4m, nhu séng dia chan. Céc song
am c6 dai tan tir 16 Hz dén 20.000 Hz duoc goi 1a 4m nghe duogc, con siéu am cé tan
s6 trén 20.000 Hz. nhu vay vé ban chét siéu 4m cling khong ¢ gi khac véi cac dao
dong co hoc khac va no ciing dugc dac trung boi mot sb dai lugng vat 1y nhu: tan s,
bién dg , chu ky...

Chu ky la khoang thoi gian thuc hién mot nén va dan. Pon vi thuong dugc
tinh bang don vi do thoi gian( s, ms...)

Bién do 1a khoang cach 16n nhat giita 2 dinh cao nhét va thap nhat.
Tan sb ( f) 1 s6 chu ky giao dong trong 1 gidy, don vi do 1a Hz
Budc song (L) 1a @0 dai cua 1 chu ky giao dong. Budc song thuong duoc do

bang don vi do chiéu dai nhu mm, cm
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Téc do siéu am (c) 13 quing dudng ma chum tia siéu 4m di duoc trong 1 don vi
thoi gian, th-uong duoc do bang m/s. Tdc do siéu 4m khong phu thudc vao cong suat
ciia may phat ma phu thudc vao ban chit cia méi truong truyén am. Nhimg méi
truong c6 mat do phan tur cao, tinh dan hi 16n siéu Am truyén tdc do cao va ng-oc lai
nhitng mdi tr-uong c6 mat do phan tir thap toc do s& nho. Vi du xwong tir 2700- 4100
m/s; td chitc m& 1460-1470 m/s; gan 1540-1580 m/s; phéi 650-1160 m/s; co 1545-
1630m/s; nréc1480my/s... Trong siéu 4m chan doan ngudi ta thudng ldy gid tri trung
binh cua tdc d6 siéu 4m trong co thé 13 1540m/s. Giita téc do truyén am, budc song va
tan s6 c6 mbi lién hé qua phuong trinh sau:

C=\f (1.2)

Ning luong siéu am (P) biéu thi mirc nang lwong ma chum tia siéu am truyén
vao co thé. Gia tri nay phu thudc vao ngudn phat , trong siéu &m chan doan dé dam
bao an toan cic may thuong phat v6i muc ning luong thip vao khoang Imw dén
10mw. Tuy nhién trong cac kiéu siéu am thi siéu 4m Doppler thuong c6 mirc ning
lugng cao hon. O cic may siéu 4m hién dai nguoi st dung c6 thé chit dong thay doi
mitc phat nang lugng dé nang cao hon tinh an toan cho bénh nhan, nhat 1a doi véi thai
nhi va tré em.

Cuong do song am la mirc nidng lugng do séng am tao nén trén 1 don vi dién
tich. Thuong dugce do bang don vi W/em?2. Cudng do séng am s& suy giam dan trén
d-uong truyén nh-ng tan sd ctia né khong thay d6i. Nguoi ta con tinh c-udng do song
am t-wong d6i do bang dB. Khac v&i c-uong do song am, dai lugng nay 1a mot gia tri
tuong d6i, nd cho biét sy khac nhau vé c-udng do siéu am tai 2 vi tri trong khong gian.

Nguyén 1y ciu tao may siéu 4m

May siéu am duoc cau thanh tir 2 bo phan chinh d6 1a dau do va b phan xu 1y
trung tam va mot s6 bo phan hd tro.

Dau do siéu am.

Pau do ¢6 nhiém vu phat chum tia si€u 4m vao trong co thé va thu nhan chim
tia siéu Am phan xa quay vé. Dua trén nguyén 1y ap dién cua Pierre Curie va Paul
Curie phat minh nam 1880 ngudi ta ¢ thé ché tao duge cac dau do siéu am dap ung
dugc cac yéu cau trén. Hiéu tng ap dién ¢ tinh thuan nghich: Khi nén va dan tinh thé
thach anh theo mot ph-uong nhét dinh thi trén bé mit cta tinh thé theo ph-uong vudng
gbc vai lyc kéo, dan sé xuat hién nhiing di¢n tich trai diu va mot dong dién duoc tao
thanh, chiéu cua dong dién thay ddi theo luc kéo hodc dan. Nguoc lai khi cho mdt
dong dién xoay chiéu chay qua tinh thé thach anh, tinh thé s& bi nén va dén lién tuc
theo tan sb dong dién va tao thanh dao dong co hoc. nhu vay hiéu tng ap dién rat thich
hop dé ché tao dau do siéu 4m.

Céu tao dau do. Thanh phin co ban ctia dau do siéu am 14 cac chin tir. Mdi
chin tir bao gdm 1 tinh thé dugc ndi voi dong dién xoay chiéu. Khi cho dong dién
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chay qua tinh thé ap dién. Chiéu day cia cic tinh thé cang mong tan sd cang cao. Vi
céc tinh thé thach anh co nhirng han ché vé mat k¥ thuat nén ngay nay nhiéu vat liéu
méi nhu cac mudi titanat duge sir dung trong cong nghé ché tao dau do , cho phép tao
ra nhitng dau do c6 tan s theo yéu cta 14m sang. Dong thoi trude kia mdi dau do chi
phat 1 tan s6 c¢d dinh, ngdy nay bang cong nghé mdi nguoi ta ¢ thé san xuit nhitng
dau do da tan, bang cach cit cic tinh thé thanh nhitng manh rat nho tir 100- 200 pm,
sau d6 ngin cach chung bang mot loai vat lidu téng hop c6 do tré khang thip, nhirng
dau do kiéu méi c6 thé phat voi cac tan sé khac nhau trén 1 dai rong nhu 2-4 MHz,
tham chi 3-17MHz...véi 5 mic mirc diéu khién dé thay do6i tan s6. Nhitng dau do da
tan nay rat thuan loi cho tham kham trén 1am sang. Chum tia siéu am khi phét ra khoi
dau do ¢ doan dau tién di t-uong d6i tap trung, song song vdi truc chinh cua dau do,
goi 1a tr-uong gan(Fresnel Zone). Chiéu dai ciia trudng gan = r2/A, trong d6 r 1a ban
kinh cta tinh thé trong dau do . Sau d6 chum tia bji loe ra goi 1a tr-uong xa(
Fraunhoffer Zone), nhitng bd phan cin tham kham niam trong trudng gan cho hinh anh
trung thuc va rd nét hon. Vé mat ky thuat mudn ting do dai cia tr-udng gan ta co thé
tang ban kinh cua tinh thé trong dau do, hodc ting tan s phat dé giam budc séng, tuy
nhién diéu nay bj gidi han bdi cac yéu té khéc, vi ting r 13 ting kich thudc dau do, con
ting tan s6 s& 1am giam d6 sau can tham do, nén ngudi ta hay st dung 1 thau kinh dé
hoi tu chum tia siéu 4m dé giam do loe cua trudng xa.

Dua theo phuong thirc quét chum tia siéu 4m ngudi ta phan dau do 1am 2 loai:
quét dién tir va quét co hoc. Néu can ctr vao cach bd tri cac chan tir trén gia d& chung
ta co cac kiéu dau do: thang ( Linear ); dau do cong ( convex ); va dau do ré quat (
sector ). Mai loai dau do st dung cho cac muc dich tham kham khéc nhau, dau do
théng dung dé kham cac mach mau ngoai vi, cac by phan nho, & ndong nhu tuyén v,
tuyén giap... Pau do cong chil yéu dung cho cac thim kham 6 bung va san phu khoa.
DPau do ré quat dé kham tim va cac mach mau noi tang. Ngoai ra can cu theo muc dich
stt dung chung ta c6 rat nhiéu loai ddu do khac nhau nhu: dau do siéu 4m qua thuc
quan dé kham tim mach, dau do ndi soi khi két hop vdi bd phan quang hoc dé kham
tiéu hoa, dau do sir dung trong phiu thuat, dau do trong long mach...

P phan giai ciia dau do. La khoang cach gin nhét giira 2 cau tric canh nhau
ma trén man hinh ching ta vin con phan biét dugc. nhu vay c6 thé néi do phan giai
cang cao kha niang quan sat chi tiét cdc cau tric cang rd nét, chinh vi thé do phan giai
13 mot trong nhitng chi tiéu dé danh gia chat l-wong may siéu 4m. ngudi ta phan biét
d6 phan giai ra 1am 3 loai: P phan giai theo chiéu doc 1a kha ning phan biét 2 vt
theo chiéu cta chum tia ( theo chiéu trén-d-6i cia man hinh ). P9 phan giai ngang 1a
kha ning phan biét theo chiéu ngang( chiéu phai-trai cia man hinh ). Do phan theo
chiéu day ( chiéu vudng goc voi mit phang cit, vi thuc té mit cit siéu am khong phai
12 mot mit phang, ma c6 d6 day nhét dinh ). D6 phan giai phu thudc rat nhiéu vao tan
s6 cua dau do, vi tri cta cdu trac dang nghién ctru thudc tr-udng gan hay xa cta dau
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do. Mat khac diéu nay khong hoan toan do dau do quyét dinh ma con phu thudc vao
xu Iy ciia may.

Lua chon dau do: Trong thuc hanh nhiéu khi nguoi 1am siéu am phai thuc
hién thim kham nhiéu co quan, by phan khac nhau cua co thé, dic biét 1a & cac bénh
vién da khoa. Do d6 nén lya chon dau do cho phu hop véi nhiém vu ctia minh, tdt nhat
d-uong nhién 1a cac dau do da tin va ddy du chung loai sector, convex, linear. Tuy
nhién trén thue té diéu nay khé xdy ra, nén can loai bé nhitng dau do it sir dung va can
¢ bién phap khic phuc khoé khin khi khong c6 dau do chuyén dung. Trudc hét vé
chung loai dau do, dién tir va co khi, ca hai loai nay déu cho hinh anh chat l-uong tbt
nhu nhau, tuy nhién dau do co khi th-udng c6 d6 bén kém hon va dé 1am siéu 4m tim
thi th-uong co6 kich th-6¢c to hon dau do dién tir cung loai, nh-ng dau do loai nay
th-uong ré hon. Theo muc dich tham kham, dé 1am siéu am tim t6t nhat d-uong nhién
1a dau do sector, ddi voi ngudi Viét Nam tr-uong thanh tan sb thich hop 1a 3,5 MHz,
tuy nhién néu co loai da tan tir 2-4 MHz 1 t6i -u, con d6i tré em 13 5 MHz, hodc thich
hop hon 1a loai 4-8 MHz. Dé lam siéu 4m bung tong quat théng th-uong dung dau do
convex véi ngudi 16n 1a 3,5 MHz ( t6t nhat 2-4 MHz ), tré em c6 thé dung loai tan s6
cao hon. Tuy nhién trong tr-uong hop khong c6 dau do convex, dau do sector van co
thé dung tham kham 6 bung duoc. Pé thaim khdm céc bo phan néng nhu tuyén giap,
tuyén v, tinh hoan, mach méu ngoai vi...dau do linear véi tan s6 7-10 MHz 13 tot nht.
Dé phuc vu muyc dich sinh thiét nguoi ta th-udng gan thém mot bd phan gia dd cho cac
dau do chuyén dung, nh-ng trong diéu kién khong c6 chung ta van c6 thé st dung dau
do thong th-uong cho muc dich nay va & diy dau do sector 13 t6t nhat. nhu vay trong
diéu kién néu chi duoc chon 1 dau do ching ta nén mua dau do sector da tan hodc 3,5
MHz.

B¢ phan xir ly tin hiéu va thong tin.

Tin hiéu siéu 4m phan hoi tir co thé duge dau do thu nhan, sau d6 bién thanh
dong dién. Dong dién nay mang theo thong tin vé do chénh 1énh tré khang giita céc
cAu trac ma chum tia siéu 4m d3 xuyén qua ( khi d6 chénh léch tr& khang gitta hai cdu
tric cang 16n, nang l-wgng cua chum tia siéu am phan xa cang cao, s€ tao ra dong dién
xoay chiéu cang 16n ) va thong tin vé khoang cach tir cdu triic phan xa siéu am dén dau
do. Khoang cach nay duoc tinh bang cong thirc:

D=% (1.3)

D: Khoang céch

c: tbe d6 siéu 4m trong co thé

t: thoi gian tir khi phat xung dén khi nhan xung

Nhitng tin hiéu nay sau khi xir 1y tuy theo kiéu siéu 4m ma cho ta cac thong tin
khac nhau vé ciu triic va chirc ning ciia cac co quan ma ta can nghién ctru.
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Hinh 1.4. So d6 nguyén 1y siéu 4m

Ngoai ra may siéu am con chira nhiéu chuong trinh phin mén khac nhau cho
phép chung ta co thé do dac tinh toan céc thong s6 nhu khoang cach, dién tich, thé
tich, thoi gian... theo khong gian 2 chiéu, 3 chiéu. Tir nhiing thong tin nay két hop véi
nhiing ch-uong trinh da duoc tinh toan sin s& cung cap cho chiing ta nhitng thong tin
cao hon. Vi duy tir dudng kinh 1-dng dinh thai nhi, c¢6 thé du kién ngay sinh, trong
luong thai... Hodc tir thé tich that trai cudi ky tAm tr-uong, tim thu, ching ta s& biét
duoc thé tich nhat bop, cung luong tim...

Nhitng thong tin vé cdu triic va chirc ning cta cac co quan s& duoc hién thi
trén man hinh, dong thoi ciing ¢ thé duoc luu trit lai trong cac bo phan ghi hinh qua
cac ph-uong tién nhu video, dia quang tir, dia CD, mdy in ...va ¢ thé ndi mang véi cac
ph-uong tién khac. Mdi ph-wong tién ghi hinh c6 nhimng wu diém, nhuoc diém riéng,
do d6 trong thuc té tuy theo yéu cau cu thé va diéu kién kinh té, ching ta cé thé lua
chon cho phu hop.

cac kiéu siéu am

Siéu am kiéu A: Dy 1a kiéu siéu am cb dién nhat, ngay nay chi con sir dung
trong pham vi hep, nhu chuyén khoa mit v6i muc dich do khoang cach, vi no rat chinh
xéc trong chiic nang nay. Céc tin hiéu thu nhan tir ddu do dugc bién thanh nhiing xung
c6 dinh nhon, theo nguyén tic bién do cua song siéu am phan xa cang 16n, bién do cua
xung cang cao va Nguoc lai. nhu vy trén man hinh chung ta khong nhin thiy hinh anh
ma chi thdy cac xung. Thoi gian xuit hién cac xung s& phan anh chinh xac khoang
cach tlr cac vi tri xuat hién song siéu am phan xa.

Siéu Am kiéu 2D:Hay con goi 1a si€u am 2 binh dién, kiéu siéu Am nay hi¢n
nay dang duoc str dung phd bién nhét trong tat ca cac chuyén khoa.Cé thé noi chinh
siéu am 2D 1a mot cudc cach mang trong nganh siéu 4m chan doan. Vi day 1a lan dau
tién chuing ta cé thé nhin dugc cac ciu trac bén trong cua co thé va su van dong cua
ching, chinh vi vy n6 da m¢ ra thoi ky ing dung rong rai cua si€u am trén lam sang.
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Nguyén 1y cta siéu 4m 2D nhu sau: nhiing tin hiéu siéu am phan xa duoc dau do tiép
nhan s& bién thanh dong dién xoay chiéu, dong dién ndy s& mang theo 2 thong tin vé
mirc do chénh 1éch tro khang tai bién gi6i giita cac cau triic khac nhau va khoang cach
clia cac cdu tric nay so voi dau do. Dong dién sau d6 duge xir Iy bién thanh cac chdm
sang c6 muc d) sang khac nhau tuy theo dong dién 16n hay nhé va vi tri cua ching
theo dung khoang cach tir ddu do dén mit phan cach c6 phan hdi Am. nhu vay cac
thong tin nay s& dugc thé hién trén man hinh thanh v6 van nhiing chdm sang véi
c-uong do khac nhau, dugc sép Xép theo mot thir tw nhit dinh tai tao nén hinh anh cua
cac co quan, cAu tric ma chum tia d3 di qua. P& nghién ctru cac cu tric co van dong
trong co thé nhu tim va cac mach mau ngudi ta ché tao cac dau do co thé ghi lai rat
nhiéu hinh anh van dong cua ching & cac thoi diém khac nhau trong mot don vi thoi
gian (> 24 hinh/ gidy ) va nhu vay nhitng van dong cia cac co quan nay s& dugc thé
hién lién tuc gidng nhu van dong thuc cta nd trong co thé va nguoi ta goi 13 siéu 4m
hinh anh thoi gian thuc ( real time). Tat ca cac may siéu 4m hién nay déu 13 hinh anh
thoi gian thuc.

Siéu 4m kiéu TM. Dé do dac cic thong s6 siéu am vé khoang cach, thoi gian
d6i voi nhitng cau trac c6 chuyén dong, nhiéu khi trén siéu am 2D gip nhiéu kho khan.
Do d6 dé giup cho viéc do dac dé dang hon ngudi ta d-a ra kiéu siéu am M-Mode hay
con goi la TM ( Time motion ), 46 1a kiéu siéu 4m vén dong theo thoi gian, & d6 chum
tia siéu Am dwoc cit & mot vi tri nhat dinh, truc tung cua dd thj biéu hién bién do van
dong cuia cac cdu tric, truc hoanh thé hién thoi gian. nhu vay nhimng cdu tric khong
van dong s& thanh nhiing d-uong thang, con nhiing cau tric van dong sé& bién thanh
nhirg d-udng cong véi bién d6 tuy theo mirc dd van dong cua cac ciu trac nay. Sau
d6 khi ding hinh ching ta c6 thé dé dang do duogc cac thong sb vé khoang cach, bién
dé van dong, thoi gian van déng...Kiéu TM duoc st dung nhiéu trong siéu am tim
mach.

Siéu am Doppler. Pay ciing 1a mot tién bd 16n cia siéu 4m chan doan vi nd
cung cip thém nhiing thong tin vé huyét dong, lam phong phu thém gia tri ciia siéu 4m
trong thuc hanh lam sang, dac biét ddi véi siéu Am tim mach. Kiéu siéu Am nay duoc
gidi thiéu trong mot phén riéng.

Siéu am kiéu 3D. Trong nhitng nim gin day siéu am 3D di duoc dua vao sir
dung & mot s6 linh vuc, chu yéu la san khoa. Hién nay co6 2 loai si€éu am 3D, d6 1a loai
tai tao lai hinh 4nh nho cac ph-uong phdp dung hinh may tinh va mdt loai dugc goi la
3D thyc sy hay con goi 1a Live 3D. Siéu 4m 3D do mdt dau do ¢o cau tric kha 16n, ma
trong d6 ngudi ta bd tri cac chan tir nhiéu hon theo hinh ma tran, phdi hop véi phuong
phap quét hinh theo chiéu khong gian nhiéu mait cit, cic mit cit theo kiéu 2D nay
dugc may tinh l-u giit lai va dung thanh hinh theo khong gian 3 chiéu. Ngay nay c6
mot s6 may siéu 4m thé hé méi da co siéu 4m 3 chiéu cho ca tim mach, tuy nhién tng
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dung ctia chiing con han ché do k¥ thuat t-wong ddi phirc tap va dic biét 1a gia thanh
cao.

Trong Y hoc ngay nay, chuan doan bénh bang hinh anh 1a mot cong cu dac luc
cho cac bac s§ trong viéc phat hién sém dé diéu tri bénh. Siéu am 1a mot phuong phap
chuén doan bénh duoc sir dung phd bién véi cac vu diém ndi troi so voi cac phuong
phap khac nhu CT, chup cong huong tir MRI, X — quang, 1a an toan do khong st dung
cac phong xa ion hoa, khong st dung tir truong manh (tir trudng manh c6 thé tac dong
t6i cac vat kim loai trong co thé), thuc hién don gian, hon nita gia thanh lai tuong d6i
ré so voi cac phuong phap néu trén.

Siéu 4m (ultrasound) 13 mot phwong phéap khao sat hinh anh hoc bang cach cho
mot phan cua co thé tiép xac v4i song Am co tan s6 cao dé tao ra hinh anh bén trong co
thé. Siéu 4m khong str dung cac phong xa ion hoa (nhu X quang). Do hinh anh siéu 4m
dugc ghi nhan theo thoi gian thuc nén no6 cod thé cho théy hinh anh céu tric va su
chuyén dong cua cac bd phan bén trong co thé ké ca hinh anh dong méau dang chay
trong cac mach mau. Tao anh siéu 4m khéng chi an toan vé buc xa ion ma con cho
hiéu qua vé mit chi phi gia thanh.

K§ thuat tao anh st dung séng 4m duoc st dung cho nhiéu Gmg dung tir rat
som, nhat 1a trong quan sy nhu sonar vao khoang 1910. Mot Gmg dung to 16n nhat trén
co s& nguyén 1y k¥ thuat sonar trong Y té 14 tao anh A-mode (1968) va B-mode (1972)
[1]. Anh B-mode c6 nhitng nhuoc diém khién cho phuong phap siéu 4m con chua thé
thay thé dugc cac phuong phap khac d6 1a chat lugng hinh anh con han ché, khong thé
phat hién duoc cac di vat co kich thudc nhé hon bude séng. Siéu am cit 16p cho chat
lugng hinh anh tét hon phuong phap truyén théng B-mode va c6 kha ning phat hién
duge vat thé c6 kich thude nho hon bude song dang duge nghién ciru va tng dung.

Siéu am cat 16p dua trén nguyén 1y tan xa ngugc di dugc phat trién tir nhiing
nam dau cta thap ky 70 dua trén co s& 1y thuyét st dung trong X-quang va cit 16p hat
nhan.

Khi mot tia t§i song 4m gip mot moi truong khong ddng nhat thi mot phan
nang luong sé bi tan xa theo moi hudng. Bai toan chup cat 16p siéu 4m bao gdm udc
luong su phan bd cua cac tham sb (toc do am thanh, su suy giam am, mat do va nhiing
thir khac) tan xa cho mot tap cac gia tri do cla truong tan xa bang viéc giai ngugc cac
phuong trinh séng. Vi thé, chup cat 16p siéu 4m cho thay dinh lwong thong tin cila vat
thé dudi su khao sat hay kiém tra. Hién tai m&i chi c6 mot vai hé théng lam sang chup
siéu 4m cat 16p (utrasonic computerd tomography — UCT), hai trong s6 d6 1a CURE
[2,3] va HUTT [4]. Tuy nhién d6 phan giai khong gian va d§ chinh xac cua cac hé
théng nay van con gidi han vi bo qua van dé nhifu xa. Thiét bi thi 3, may scan TMS
(Techniscal Medical Systems) [5] sit dung ca thuat toan tan xa ngugc cho két qua

chinh xac hon.
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Lua chon siéu ém cdt 16p vi né ké thiva dwoc wu diém cia siéu dm néi chung,
va diém manh ciia siéu am cdt 16p néi riéng, nhw da trinh by ¢ bén trén.

Nhu vdy chup siéu 4m cét 16p 1a ot hon so véi phuong phép truyén thong B-
mode trong Y sinh hién nay, nhung van chua thé ap dung phd bién do chat luong chup
van con thap. Vi thé can thiét phai cai tién nang cao chat luong chup siéu am cat 16p,
d6 ciing 1a ndi dung luan vin ma tac gia thuc hién. Hai phuong phap ndi tiéng trong
siéu am cdt 16p 1a 1ip Born (Born iterative method — BIM) va Lip Born bién déi
(Distorted born iterative method — DBIM), trong d6 phuong phap vi phan born
(DBIM) dugc danh gia 1a cho chét luong hinh anh t6t 1a phuong phap ma tac gia chon
dé ndng cao chdt lwong anh chup siéu am cdt 16p sir dung két hop 2 tan sé. Dé xuat
nay cung vai nhitng nghién ctru khéc trong bd mon nam trong hudng nghién ciru chyp
anh siéu am cat 16p tai Khoa DPTVT [12-15].

1.2. To chirc lugn van

Phan con lai ctia ludn vin nay duoc t6 chirc nhu sau: Chuong 2 trinh bay vé cac
nguyén 1y hoat dong gdm viéc trinh bay phwong phap DBIM (Distorted born iterative
method). Chuong 3 dwa ra phuong phap dé xuat dé giai quyét van dé dat ra. Chuong 4
dua ra nhitng két qua da dat duoc khi ap dung phuong phap dé xuat cing véi nhimg
danh gia va két luan vé nhiing két qua da dat duoc.
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CHUONG 2: NGUYEN LY HOAT PONG

2.1. Lap vi phan born (DBIM)
Hinh 2.1 1 so dd c4u hinh thu phat ctua hé chup siéu am cit 16p.

; Vung chia/
|Lpai
O ‘
*
~ .7

Hinh 2.1: C4u hinh hé do

Viéc thue hién do thuc té c¢6 thé lam theo 2 cch sau:

Cach 1: Tit ca cac may phat va may thu déu cd dinh trong sudt qua trinh do.

Vit thé s& dugc xoay quanh truc trung tim véi 1 budc nhdy xac dinh. Nhan xét ring

mot may thu va Nr may phat duoc dit d6i xing nhau nhu hinh 2 nhim dam bao khong

bi hién tuong dich pha gay 15i khi khoi phuc anh [6] .

Cach 2: C dinh vat thé, tai mot vi tri may phat xac dinh s¢€ tién hanh do trén Nr

may thu & vi tri ddi xung. Trén thuc té chi can mot may thu nhung thuc hién Nr lan do
ung voi mot vi tri may phat. Sau do khi dich may phat di mot géc thi Nr may thu kia

cling tu dong dich chuyén mot cach twong tng.

Ving can quan tim (RIO — region of interest) bao gdm vt cAn dung anh. Ving

dién tich quan tdm nay dugc chia thanh NXN 6 vudng (pixel) c6 kich thudc 1a h. sb

lugng may phat 1a N; va may thu 1a N,.. V61 vung tan xa hinh tron nhu trong Hinh 2.1,

ham muc ti€u (Object function) dugc tinh boi cong thire (2.1).
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AL v e
o(F)=4 ‘1 < (2.1)

0 if [F|>R

Véi ¢; va ¢, 1a toe d6 truyén song trong doi twong va tée do truyén trong nudc,
/13 tan s6 song siéu am, o 1a tan s goc (w = 2mf),R 13 ban kinh cta ddi tuong.

Str dung so d6 cdu hinh hé do nhu trong Hinh 2.1, bang cach sir dung DBIM dé
tai tao lai d0 twong phan am thanh tan xa dé xac dinh khéi u trong moi truong.

Giai st rang c6 mot khong gian vo han chira méi truong déng nhét chang han 1a
nuée, sb song 13 k,. Trong moi truong d6 cb vat véi sd song 1a k(r) phu thude vao
khong gian trong vat. Phuong trinh truyén séng cia hé thong cé thé duoc cho nhu
phuong trinh (2.2).

(V + K3(0)p@) = ~0@p®) (22)
Viét lai dudi dang tich phan ta cé:
p(r) = p™(r) +p*(r) (2.3)

p(r) = p™(r) + [ 06 )p(r)Go (|7 — 7'|pdr’ (24)
O d6 p*(¥) 1a song tan xa, p™(¥) 1a song t6i va G(.) 1a ham Green.
0F) = k(#)? — ki (2.5)
1a ham muc tiéu can duge khdi phuyc tir dit liéu tén xa.
Bing phuong phap moment (MoM) ap suét tong ¢ thé duoc tinh [7]:
p=(I-C.D(0))p™ (2.6)
Ap suit tan xa:
p*¢ = B.D(0).p (2.7)
Hai bién chua biét 12 p va O trong cong thic (2.6) va (2.7), trong trudng hop
nay ap dung xap xi Born loai 1 va theo (2.6), (2.7) ta co:
Aps¢ = B.D(p).A0 = M. A0 (2.8)
Véi M = B.D(p)
O d6 B 1a ma tran 1 x N2 tng véi hé sb Go(r,r’) tir cac pixel t6i mdy thu, C 1a
ma tran N2 X N2 tng v6i hé sb Gy(r,r’) giita cac pixel, / 1a ma tran don vi, va D() 1a

toan tir chéo hoa [7].
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Vi mdi bd phat va bo thu, ching ta c6 mot ma tran M va mot gia tri vo hudng
Ap>¢. Thay rang vector chua biét 0 c6 N X N gia tri bang vdi s6 pixel cia RIO. Ham
muc tiéu (Object function) c6 thé duoc tinh bang cach lap:
0" =0V + A0V (2.9)
Vi 0™ va 0D 1a gia tri ctia ham muc tiéu ¢ budc hién tai va budc trude do.
AO c6 thé dugc tim bang quy tic Tikhonov:
_ . _ —  _n2 _
A0 = argminyg||Ap*c, — MtAO||2 +y|1AO||3 (2.10)
Trong d6 Ap*° 1a (N;N, x 1) vector chtra gia tri sai khac giira két qua do va két
qué tién doan tin hiéu siéu Am tan xa; M, la ma tran NN, X N? duoc tao bdi NN,

phép do

Thuat toan 1: Lap vi phan Born
1: Chon gia tri khdi tao 0,, = 0,
2: while(n < N,,;,,, ) or( RRE < ¢), do

{
3:  Tinh p, p°¢, C,va B tuong tmg 0,, sir dung (2.6) va (2.7)
4. Tinh Ap®© tr gia tri p°¢ do dugc va gia tri tién doan
5: Tinh RRE twong tmg A0 st dung cong thirc (2.11)
6:  Tinh gia tri O™ méi st dung (2.9)
7: n=n+1;
}

A—SC
RRE = I8P ”/”ﬁsc,m” 2.11) [7].

2.2. Bai toan nguoc

Dé giai bai toan nguoc khi c6 nhiéu ta phai st dung phuong phap “Nonlinear
conjugate gradient method” (NCG) [7][8]. Vi thé ta c6 thuat toan dé giai phuong trinh
(2.10) nhu sau:
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Thuét toan 2: NCG method
1: Khéi tao 40 dudi dang mot vector 0

N

: Khoi tao by = M{. Ap*C, .

: Khoi tao X gy = E(O) va Ty = E(O) :

: for n = 1 dén gia trj 13p 16n nhit, do

L) = My X1y

LUy = Ton-n) Tn-1/ @)™ Ay + Y =)™+ Xn-1))
5 =M. Gy

() = Tn=1) — An)(Sp + ¥X(n-1))

O© 0 3 O W»n B~ W

By = oo T /Tn-"" - Tin-1)
10: A0y = ADn1y + Ay E(n—1
1 Xy = Tmy + By ¥n-1)

12:if ||7|| < tolerance, then

13: Break iterations
14: end if
15: end for

Dé Iira chon tham sd y ta st dung cong thirc (2.19) [13]:
¥ = 0.502max{10'°82RRE 10=%} (2.12)
Véi 02 dugce tinh theo phwong phép liy thira lip véi xap xi ti s6 Rayleigh [9].

Thuat toan 3: The power iteration method with Rayleigh quotient
1: Khoi tao vector ngau nhién don vi @, va 002(0) =0

2: for n = 1 dén sb vong lap 16n nhat, do

3: Uy = My @1y

4: 08y = Uy Uy /(D (n-1)" - D(n-1))

. |‘7§(n)—0§(n—1)|
5:if =———=——= < tolerance then
%0(n)
6: Break iterations

7: end if
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8: Ty = My @1y
_ —H _
9: 5y = My Ty
10: E(n) = §(n)/(5_(n)H-5_(n))
11: end for

2.3.  Chi s6 phd quat cho chét lwgng anh

Do luong chit lugng anh cd vai trd quan trong trong xir 1y anh. C6 2 16p co ban
dé danh gia chat luong anh. Pau tién 1a cac cach xac dinh dwa vao toan hoc nhu MSE
(mean square error), dinh ti 1& tin hiéu trén 6n (PSNR), RMSE (root mean square
error), MAE (mean absolute errror), va ti 1& tin hiéu trén nhidu (SNR). Va 16p thir 2 dé
danh gia 1a cac dic trung “human visual system HSV” (tam dich 12 hé thong thi giac
nguoi). Phuong phap vé chi s6 phd qua cho chat luong anh (Universal image quality
index), & day phd quat (Universal) nghia la chat lugng cta cach tiép can khong phu
thudc vao anh dugc kiém tra, diéu kién quan sat, hay bat cr nguoi quan sat riéng 1¢
nao. Quan trong nhat 1a nd co thé tng dung trong cac ung dung xir Iy anh khac nhau
va cung cap so sanh day du qua cac loai méo anh khac nhau (méo anh 1a su két hop
ctia 3 yéu t, loss of correlation — ton hao twong quan, méo cudng do sang — luminance

distortion, méo tuong phan — contrast distortion).[16]
Cong thirc toan hoc dé danh gia chi sé chit luong nhu sau:
Cho x ={x;|i =1,2,..,N}vay ={y;|li =12,...,N} lan luot 1a anh cua tin

hiéu anh gbc va anh kiém tra. Tham sb chat luong anh duoc cho béi cong thire (2.13)

0= 40,y XY
T (03+02)(#2+72)

(2.13)

Véi
N N
1 1
DR ES DR
i=1 i=1
N N
2 1 2 2 1 =\2
Ox = HZ(% —X)* ,0y = mzl(yl' —¥)
1= 1=

N

1 I

Oy = mzl(xi - DO - )
L=
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Gia tri cia Q nam trong khoang [-1,1]. Gia trj t6t nhat dat duoc 13 1 khi x; = y;

v6i moi gié tri i. Gia tri t6i nhat 1a -1 khi y; = 2% — x;

Tom lai gia tri tham sé Q cho ta mot danh gia vé chat luong anh, c6 ca yéu t6

cadm quan ciia mat nguoi.

Xét mot so vi du sau:

(c) (d)
Hinh 2.2: Panh gia chat lugng anh “Lena” st dung tham s6 Q

Anh (a) 13 anh gdc véi Q=1, MSE = 0. Anh (b) c6 MSE = 255 va Q = 0.6494.
Anh (c) MSE =255 va Q =0.3891. Anh (d) c6 MSE = 255 va Q = 0.4408.
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R rang 14 vé mit sai sd MSE ciia 3 bire anh test 1a nhu nhau. Nhung tham s6 Q
khac nhau cho ta cam quan vé mat anh 1a khic nhau. Cy thé & anh (b) c6 Q 14 16n nhat

ta thay n6 “tot” hon so v6i 2 anh (b) va (c).
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CHUONG 3: PHUONG PHAP DE XUAT
Vi muc tiéu cai thién chat lugng anh khoi phuc dé co thé ap dung tao anh
trong y té, tac gia dwa ra phuong phap sir dung viéc két hop hai tan sé ap dung cho
DBIM — Lap vi phan Born. N§i dung ctia phuong phap dugc cho & dudi day:

3.1. Dé xuit

Phuong phép dé xuét dua ra gom 3 budc:

Phuong Phap Dé xuit

Goi tong sd budce lap ca ca qua trinh 13 sum_iter, s6 vong lap thuc hién véi fl

1a x nhu vay sb vong lap thyuc hién véi f2 13 (sum_iter — x)

- Bwdc 1: Tim s6 lan Idp t6i wu Niter thuc hién véi tan so fl, budc nay xdc
dinh s6 lan ldp véi tan sé thap f1 la bao nhiéu trong tong sé budc ldp dé thu
dwge anh ¢ chat lwong 16t nhat.

- Bwérc 2: Ap dung khéi phuc cho ving ludi ¢6 kich ¢ N X N ¢ tan s6 thap
f1 voi s6 lan lap x dwoc tim o buoc 1 . Két qua ham muc tiéu thu dwoc o
phan nay la O.

- Bwéc 3: Cudi ciing sir dung két qua ham muc tiéu thu dwoc & bude 2 mang
tré lai DBIM Igp (sum_iter — N, lan dé tiép tuc qud trinh khéi phuc.

Gia tri cta x can phai duoc xac dinh trudc, diéu nay rat quan trong vi né anh

huong dén chéat luong anh khoi phuc. ta s& trinh bay viéc tim x ¢ phan 3.2

Trude hét ta co thuit toan dé khoi phuc sau:

Thuit toan 4: DBIM dé xuat
1: chon gid trj khoi tao 0(,)=0q)
2: for n =1 to N, do
3: Tinh p, p*, and B tuong tng vé6i O,y cung thn s6 f,
4:  Tinh p*¢ 1a hiéu cua két qua tién doan va két qua do.
5:  Cép nhép gia tri AO(y. Thoa man (2.10).
6: Tinh gia tri 5(n+1) = 5(n) + Aé(n)

7: end for
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8: for n =N;+1 to N, do

9:

10:

11:

12:

13:

14:

15:

16:

Tinh p, p*¢, and B” tuong tmg voi Oy, cung tin sb f,
b,p (n)

Tinh p*° 13 hiéu cia két qua tién doan va két qua do.
Tinh AO(y,). Théa mén (2.10).
Tinh gia tr1 5(n+1) = é(n) + Aﬁ(n)
if RRE< tolerance, then
Terminate iterations.
end if

end for

Tolerance 1a ngudng sai s6 cho truéc quyét dinh boi nhiéu nén (noise floor)

[10].

3.2

Tim gia tri x toi wu.

Theo nhu phuong phap dé xuét trong 3.1 - Chuong 3 trudc hét ta phai tim sb

lan 1dp x t6i vu khi thyc hién lip ¢ tin sb thap f). V&i tong sd budc lip cua ca qua

trinh 1a sum_iter. Ta c6 thuat toan dé€ so sanh sau:

Thuét toan 5: Tim s6 lan lip t6i wu véi f,

1: for x =1 dén (sum_iter — 1), do
2: DF - DBIM — Dé xuit.
3: Tinh err theo cong thirc (2.13), hoac RMSE [11] theo cong thuc (2.14)

4: Lap bang twong img voi tung gia tri x

5: end for

err = 3NN, X |C” ”Cljl (2.13)
]

RMSE—\/Z{"lZ M (2.14)
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Nhu vy sau khi thuc hién xong Thut toan 5 ta c6 thé tim duoc gia tri x tbi

uu. Ta xét nhitng kich ban (scenarios) sau:

Kich ban 1: Xét s6 mau nhiéu (s6 may phat va may thu nhiéu)

Théng sé mo phong:
Téan s6 f; = IMHz , f, = 2Mhz
N =22, sum_iter =8

Puong kinh vung tan xa= 4*lamda=0.0031

Chénh 1éch téc do truyén song 2%
5% Nhiéu Gaussian (SNR = 26 dB)

May thu = 22, May phat = 44

Bang 3.1: Sai sb tng véi timg gid tri cta x sau tong s6 bude lap 1a 8

Tong s6 vong lap 1a 8

Sai s0 0.7874 0.1507 0.1522 0.1553 0.1601 0.1682 0.1839
N=22

0.8 : [ . | |
0_7%'
0.6+ ‘
05F

’ 0.4
03fF ‘
0.2} ‘ |

e e

0.1 ! , | |

2

3

4 g i 7

sovong lap voi f1

Hinh 3.1: Sai s qua cic budc lap (may phat = 44, may thu = 22)

Nhin vao do thi va bang ta thdy rang x = 2 cho gid tri sai sé6 nhé nhdt, day la

truwong hop nhiéu mdau nhw vy so mau nhiéu thi x nho
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Kich bén 2: Xét s6 miu nhé (s6 miy phat va may thu giam di 3 1an so véi
kich ban 1)

Théng sé mo phong:

Téan s6 f; = IMHz , f, = 2Mhz

N =22, sum_iter =8

Puong kinh vung tan xa= 4*lamda=0.0031

Chénh 1éch téc do truyén song 2%

5% Nhiéu Gaussian(SNR = 26 dB)

May thu = 7, May phat = 15

Bang 3.2: Sai sb tng véi timg gid tri cta x sau tong s6 bude lap 1a 8

Tong s6 vong lap 1a 8

X 1 2 3 4 5 6 7

Sai s6 NaN NaN 0.3457 | 0.3276 | 0.3202 | 03149 | 0.3146

0345 o |
Y
\
Y
034F Y i
N\
\_\
0.335F \ .
\
\.\
033k \ g
\
0325 .
032f - .
\‘\-\.
\\
“~
\\.

0315} o

0_31 L 1 L L 1
1 2 3 4 5 6 7

Hinh 3.2: Sai s6 qua cac budc 1ip (may phat = 15, may thu = 7)

Tir do thi va bing ta thdy rang x = 7 cho gid tri sai s6 nhé nhit, é nhitng gid

sO mau it thi x lon.
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Kich ban 3: Xét s6 miu trung binh (S6 miy phat va may thu bing % so véi
kich ban 1)

Thong sé mo phong:

Tan sb f; = IMHz , f,= 2Mhz

N =22, sum_iter =8

Duong kinh vung tdn xa= 4*lamda=0.0031

Chénh léch tdc do truyén song 2%

5% Nhiéu Gaussian(SNR = 26 dB)

May thu = 11, M4y phat = 22

Bang 3.3: Sai s6 ing Vi ting gid tri ctia X sau tong s6 bude lap 1a 8

Tong s vong lap 1a 8

X 1 2 3 4 5 6 7

Sai 50 0.7558 | 0.2281 0.2093 0.2071 0.2074 | 0.2085 | 0.2157

N=22
U_g T T T T T

08 -

0.7\ 4

06F i

sai so

05 -

04} \ .

ne I ~p
1 3

sovong lap voi f1

Hinh 3.3: Sai s6 qua cac budc lip (may phat = 22, may thu = 11)
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Tir dé thi va bing ta thdy rang x = 4 cho gid tri sai s6 nhé nhdt, sé6 mdu trung

binh thi gid tri x (Niter) la trung binh (so véi téng sé vong lip la 8)

Kich ban 4: Tiép tuc xét mot trweong hop miu trung binh

Théng sé mo phong:
Téan s6 f; = IMHz , f, = 2Mhz
N =22, sum_iter =8

Puong kinh vung tan xa= 4*lamda=0.0031

Chénh 1éch téc do truyén song 2%
5% Nhiéu Gaussian(SNR = 26 dB)
May thu = 14, May phat =27

Bang 3.4: Sai sb tng véi timg gid tri cta x sau tong s6 bude lap 1a 8

Tong s6 vong lap 1a 8

3 4 5 6 7

Sai sO

0.9442

0.2098

0.1977 | 0.1975 | 0.1986 | 0.2011 0.2110

sai so

N=22

0.9 -
osf |
07}
06

05+

03

0.2

0.1
1

04 \

sovong lap voi f1

Hinh 3.4: Sai s6 qua cac budc lip (may phat = 27, may thu = 14)
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Twong tw nhw kich béin 3 tir két qud do thi va bang thi x= 4 cho gid tri sai sé

nhé nhdt, sé mau trung binh thi x la trung binh (so véi tong sé vong lip la 8)

Két luan: Qua thi nghiém mé phéng véi nhitng gid tri pixel N khdc ta ciing
thdy rang x thay doi phu thujc vao s6 méu (sé ligu), tirc la s6 mdy phdt va mdy thu.
Cu thé la s6 mdu nhiéu thi x la nhé tirc la két qud chi phu thugc vao f2, s6 mau it
thi x l6n két qua chi phu thudc vao f1, va sé mdu trung binh thi gid tri ciia x la
trung binh hay két qua phu thuéc cd vao f1 f2. Ta chon s6 mdu 6 mirc trung binh
khi dé x sé phu thuéc vao cd f1 va f2 (tiec s6 mdy phdt mdy thu é mirc trung binh),
chon mdy phdt = 22, mdy thu =11 dé khdo sdt & phén két qua.
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CHUONG 4: KET QUA

Trong chuong nay ching ta s€ di vao thuc hién md phong va so sanh gitra
phuong phéap dé xuat (DF - DBIM) véi phuong phép truyén thong (DBIM — Thong
thuong). Dudi ddy 1a mot sé két qua va so sanh giira phuong phap dé xuét va phuong

phap Thong thuong.

Kich ban §:
Théng s6 mo phong:
Tén s6 f; = IMHz, f,= 2MHz
N=22,x=4, sum_iter =8
Puong kinh vung tdn xa= 4*lamda =
0.0031
Chénh 1éch téc do truyén song 2%
5% Nhiéu Gaussian(SNR = 26 dB)
May thu = 11, May phat = 22

Hinh 4.1: Ham muyc tiéu ly tuong (N =22)

Véi DBIM thuong ta co bang két qua err thyc hién vai tan so f; va f, qua cac
budc 1ap 6 Bang 4.1 va bang 4.2:

Bang 4.1: Sai s6 err thuc hién ¢ f; qua timg budc lip (N = 22)

Thuce hién khéi phuc & tan s6 f

Budc 1 2 3 4 5 6 7 8
Saiso6 | 0.5552 | 0.3197 [ 0.2712 | 0.2565 | 0.2526 | 0.2509 | 0.2500 | 0.2496
Bang 4.2: Sai s6 err thyc hién ¢ f, qua ting budc lap (N = 22)

Thyc hién khoéi phuc & tan so f
Budc 1 2 3 4 5 6 7 8
Saiso | 0.8103 | 0.6156 | 0.5671 | 0.5454 | 0.5349 | 0.5282 |0.5234 | 0.5198
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Vé6i phwong phap DF — DBIM dé xuét ta c6 bang két qua sai s6 nhu sau.

Duéi day 1a bang cdc gid tri tham sb chat luong Q cua cac phuong phap

Bang 4.3: Sai sb err thuc hién két hop 2 tan s6 DF - DBIM (N = 22)

Thuc hién khoi phuc bang cach két hop 2 tan sd

Budce 1 2 3 4 5 6 7 8

Saisd | 0.5552 | 0.3197 | 0.2712 | 0.2565 | 0.2200 | 0.2107 | 0.2082 | 0.2071

Bang 4.4: Tham sb Q thyc hién & f; qua tirng budce lip (N = 22)

Thue hién khéi phyc & tan sb f,

Budce 1 2 3 4 5 6 7 8

Q 0.8338 | 0.9604 | 0.9818 | 0.9897 | 0.9911 | 0.9910 | 0.9908 | 0.9909

Bang 4.5: Tham sb Q thuc hién & f, qua timg bude lap (N = 22)

Thuc hién khoi phuc & tan so

Bude 1 2 3 4 5 6 7 8

Q 0.4142 | 0.7101 | 0.7703 | 0.7935 | 0.8046 | 0.8111 | 0.8150 | 0.8176

Vé6i phwong phap DF — DBIM dé xuit ta c6 bang tham s6 Q nhu sau.

Bang 4.6: Tham sb Q khi thuc hién DF - DBIM (N = 22)

Thuc hién khoi phuc bang cach két hop 2 tan sd

Budce 1 2 3 4 5 6 7 8

Q 0.8338 | 0.9604 | 0.9818 | 0.9897 |0.9927 | 0.9985 | 0.9994 | 0.9992

Ham muc tiéu qua khoi phuc cua hai phuong phap dugc cho nhu & hinh 4.2,
hinh 4.3, hinh 4.4, hinh 4.5, hinh 4.6, va hinh 4.7
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(@) khoi phuc véi f1 (b) Khoi phuc voi 2

(c) Khoi phuc st dung f1 két hop véi f2
Hinh 4.2: Két qua khoi phuc sau budc 1ap thir 1 (N = 22)

Nhin vao két qua khoi phuc hinh 4.2 c6 thé nhdn thiy rang khoéi phuc véi tan sb
f1 1a tot hon so v6i tan sb 2. Tham sb Q cua f1 13 0.8338, tham s6 Q cua f2 13 0.5552
Nhu vay chat luong anh khi sir dung f1 1a t6t hon sir dung f2 & budc dau tién

nay.
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(c) Khoi phuc st dung f1 két hop véi f2
Hinh 4.3: Két qua khoi phuc sau budc lap thir 2 (N = 22)

O budc lap thir 2 ndy ham khéi phuc cua viée sit dung DF - DBIM van chinh
1a ham khéi phuc nhan duoc trong qua trinh sir dung f1. Tham sb Q cua f1 1a 0.9604,
tham s6 Q cua 2 13 0.7101

Bang hinh anh ta ciing ¢ thé nhan thay rang két qua khoi phuc cia viéc két
hop 2 tan s6 1a tot hon. Hon nita tham sé chét lugng anh cia qua trinh khéi phuc st
dung f1 1a tot hon so véi sir dung £2.
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(c) Khoi phuc st dung f1 két hop véi f2
Hinh 4.4: Két qua khéi phuc sau budc lip tha 5 (N = 22)

O bude lap tht 5 nay két qua khoi phuc cua viée stt dung DF - DBIM khong
con gidng f1 nira (vi dén bude thir 5 ta bat ddu khoi phuc st dung ca tan sé £2). Bang
tryc quan thiy rang két qua ciia viéc stir dung két hop f1 va f2 13 tot hon so véi chi sir
dung f1 hodc f2, ma ta s€ khéng dinh lai khi tinh sai s6 & phﬁn cudi.

Tham s6 Q cua f1 13 0.9911, tham s6 Q cta f2 13 0.8046, tham s6 Q khi két
hop 2 tan s 14 0.9927
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(@) khoi phuc véi f1 (b) Khoi phuc voi 2

(c) Khoi phuc st dung f1 két hop véi f2
Hinh 4.5: Két qua khoi phuc sau budc 1ap thir 6 (N = 22)

Budc lap thtr 6 nay thi ham muc tiéu st dung két hop 2 tan sb ciing hoi tu
nhanh hon so v&i chi sir dung 1 tan sd.
Tham s6 Q cua f1 12 0.9911, tham s6 Q cua f2 1a 0.8046, khi két hop 2 tan s6
tham s6 Q 1 0.9985
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(@) khoi phuc véi f1 (b) Khoi phuc voi 2

(c) Khoi phuc st dung f1 két hop véi f2
Hinh 4.6: Két qua khoi phuc sau budc 1ap thir 7 (N = 22)

Budc lap thtr 7 nay ham muc tiéu st dung két hop 2 tan sb ciing cho két qua

dep hon, gan voi ham muc tiéu 1y twéng hon khi chi str dung 1 tan sd.
Tham s6 Q cua f1 13 0.9908, tham s6 Q cua f2 1a 0.8150, khi két hop 2 tan s6
tham s6 Q 13 0.9994. Nhu vay tham s Q khi sir dung két hop 2 tan s6 c6 gi tri gan 1

nhat tirc 1a chat lugng cam quan 1a tot nhét.

37



(@) khoi phuc véi f1 (b) Khoi phuc voi 2

&
x10

(c) Khoi phuc st dung f1 két hop véi f2
Hinh 4.7: Két qua khoi phuc sau budc 1ap thir 8 (N = 22)

bén bude lap cudi nay, ta nhan théy r0 rang su khac biét cuia két qua st dung
két hop 2 tan sb so voi chi sir dung 1 tan s6. Két qua ciia phuong phap dé xuét 1 gan
v6i ham muyc tiéu 1y tudng hon so véi chi diing mot tan so.

Dué6i day 1a dd thi sai s6 cia DBIM va DF — DBIM, dudng mau do 1a két qua
ctia viéc khoi phuc st dung tan s fl1, duong mau den nét dut 13 két qua cua viée khoi
phuc sir dung tan s6 f2, va duong mau hong nét dut 1a két qua cta viéc khoi phuc sir
dung két hop 2 tan s6 f1 va 2.
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Hinh 4.9: Mit cat thang dung di qua trung tim ctia ham muc tiéu khoi phuc (N = 22)

Nhin vao béang sai s6 4.1 ciing cic Hinh 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7 va do thi
Hinh 4.8 ta thdy rdang phwong phdp dé xudt cho két qua tot hon viéc sir dung don tan
s0, dwong mau hong nét dirt nam dudi so véi dwong mau dé va dwong mdu den nét
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dirt, két qua cua viéc két hop 2 tan s6 1a héi tu nhanh hon so véi viéc chi sir dung mot
tan so.

Hinh 4.9 la tham s6 chdt heong ciia phwong phdp khéi phuc sit dung tan sé fI -
dwong mau do, phwong phdp khéi phuc siv dung tan sé f2 - dwong mau hong, va
phirong phdp khéi phuc sir dung két hop f1 f2 — dwong mau den. Két hop véi Hinh 4.8
6 thé két ludn rang phiong phdp sir dung két hop 2 tan sé khéng nhitng cho két qua
vé mdt sai s6 toan hoc tot hon ma con cho két qua vé mat tham sé chat luong 16t hon
(tham s6 chdt lwong néi chung bao gom ca xét dén cdc dic trung vé mdt thi gidc ciia
con nguoi).

Nhin vao hinh 4.10 chinh la anh cua tin hiéu khoi phuc di qua dwong trung tam
ctia vt thé. DPuwong mau ho”‘ng net duet chinh la tin hiéu khoi phuc duoc khi s dung két
hop 2 tan s6 f1 va f2, dwong mau den nét dirt la tin hiéu khéi phuc khi sir dung f2,
duong mau do la tin hiéu khoi phuc khi su dung f1, dwong mau xanh chinh la tin hiéu
muc tiéu can khéi phuc. Ta thdy rang dwong mau tim nét dirt la gan véi dwong madu
xanh hon ca, tirc 1 tin hiéu khéi phuc cia viée sir dung két hop fl f2 cho két qua tot
hon so voi chi su dung f1 hoac f2.

Nhw vy qua kich ban trén ciing véi vigc thwe hi¢n nhiéu thiv nghiém khdc
nita tic gid thu dwece két qua danh khéi phuc ciia phwong phdp dé xudt cho sai sé
dwoc tinh theo cong thirc (2.13) (2.14) la nhé hon so véi phwong phdp DBIM truyén
thong, ticc la chat lwong anh di dwoc cdi thién, viy phwong phdp dé xudit di thanh
céng trong vigc ning cao chit lwong tao anh dat dwoc muc tiéu dé ra ¢ dau ludn
van.

40



KET LUAN

Luan van ndy da thanh cong trong viéc nang cao chat lugng anh chyp siéu 4m
cit 16p bang cach st dung két hop 2 tan sb f, va 5. Anh khoi phuc theo phuwong phap
dé xuat cho chit lwong tot hon anh theo phuwong phap truyén thong.

Tac gia ciing da tim dwgc sb bude lip tdi wu véi f) sao cho viée két hop f, va £
cho chét luong tt nhat.

Pénh gia dugc tham sb chat lugng Q dugc trinh bay & phan 2.3. Tir d6 két luan
dugc anh tai tao boi viéc stir dung két hop 2 tan s6 f1 va f2, cho két qua danh gia vé
mit sai s6 toan hoc thong dung hay ¢ xét ca dén van dé VHS (visual human system)
déu tot hon so véi chi st dung mot tan s6 don.

Nhu vay viéc st dung két hop 2 tan s6 trong viéc cai thién chét luong anh da
thanh cong, tao diéu kién ap dung trong linh vuc Y — Sinh. Budc tiép theo ctia dé xuit
nay 13 viéc thir nghiém dé xuat trong tao anh véi nhitng dit liéu thuc té dé co thé ap

dung trong nganh chuan doan y khoa.

41



TAI LIEU THAM KHAO
[1] C. F. Schueler, H. Lee, and G. Wade, “Fundamentals of digital ultrasonic

processing,” IEEE Transactions on Sonics and Ultrasonics, vol. 31, no. 4, pp. 195—
217, July 1984.

[2] N. Duric, P. Littrup, A. Babkin, D. Chambers, S. Azevedo, A. Kalinin, R.Pevzner,
M. Tokarev, E. Holsapple, O. Rama, and R. Duncan, “Development of ultrasound
tomography for breast imaging: Technical assessment,” Medical Physics, vol. 32, no.
5, pp. 1375—-1386, May 2005.

[3] J.-W. Jeong, T.-S. Kim, D. C. Shin, S. Do, M. Singh, and V. Z. Marmarelis, “Soft
tissue differentiation using multiband signatures of high resolution ul-trasonic
transmission tomography,” IEEE Transactions on Medical Imaging, vol. 24, no. 3, pp.
399-408, March 2005.

[4] S. A. Johnson, T. Abbott, R. Bell, M. Berggren, D. Borup, D. Robinson, J. Wiskin,
S. Olsen, and B. Hanover, “Noninvasive breast tissue charac-terization using

ultrasound speed and attenuation,” in Acoustical Imaging, vol. 28, 2007, pp. 147—-154.

[5] C. Li, N. Duric, and L. Huang, “Breast imaging using transmission ultra-sound:
Reconstructing tissue parameters of sound speed and attenuation,” in International
Conference on BioMedical Engineering and Informatics, vol. 2, 2008, pp. 708—712.

[6] R. J. Lavarello and M. L. Oelze: Tomographic Reconstruction of Three-
Dimensional Volumes Using the Distorted Born Iterative Method. IEEE Transactions
on Medical Imaging, 28, 2009, pp. 1643-1653.

[7] Lavarello Robert: New Developments on Quantitative Imaging Using Ultrasonic

Waves. University of Illinois at Urbana-Champaign, 2009.
[8] http://en.wikipedia.org/wiki/Nonlinear conjugate gradient method

[9] M. T. Heath, Scientific Computing: An Introductory Survey. New York, NY:
McGraw-Hill, 2002.

[10] Martin, R., Noise power spectral density estimation based on optimal
smoothing and minimum statistics, IEEE Transactions on Speech and Audio
Processing, Vol. 9, 2001, pp. 504 - 512.

[11] http://www-stat.stanford.edu/~susan/courses/s60/split/node60.html

[12] Tran Duc Tan, N. Linh-Trung, M. L. Oelze, M. N. Do, Application of
L1 regularization for high-quality reconstruction of ultrasound tomography,
International Federation for Medical and Biological Engineering (IFMBE), NXB

SPRINGER, ISSN: 1680-0737, Volume 40, 2013, pp. 309-312.
42



http://www-stat.stanford.edu/~susan/courses/s60/split/node60.html

[13] Tran Duc Tan, Nguyen Linh-Trung, Minh N. Do, Modified Distorted Born
Iterative Method for Ultrasound Tomography by Random Sampling, The 12th
International Symposium on Communications and Information Technologies (ISCIT
2012), Australia, 2012, pp. 1065-1068.

[14] Tran Duc Tan, Automated Regularization Parameter Selection in Born Iterative
Method for Ultrasound Tomography, Vietnam Conference on Control and Automation
(VCCA-2011), ISBN 978-604-911-020-7, 2011, pp.786-791.

[15] Tran Duc Tan, Gian Quoc Anh, Improvement of Distorted Born Iterative Method
for Reconstructing of Sound Speed, Vietnam Conference on Control and Automation
(VCCA-2011), ISBN 978-604-911-020-7, 2011, pp.798-803.

[16] Zhou Wang, Student Member : A Universal Image Quality Index, IEEE Signal
Processing Letters, Vol. 9, No. 3, March 2002

43



PHU LUC 1: CODE MATLAB DBIM

Dé tinh toan duoc sai sb cuia phép khéi phuc, ciing nhu dé so sanh anh tao dugc
v6i vat thé ta can c6 mot gia tri tham chiéu cua thi nghiép goi 1a ham muc tiéu 1y
tuong. Ham ndy c6 thé dugc tao boi phuong trinh (2.1) nhu vy ta ¢ thé tao ham muc
tiéu Iy twong cho vat thé hinh try véi tan sb do f0 nhu sau:

Ham muc tiéu ly tuéng

SC=zeros (N,N) ;
xo0= (N+1) /2;yo=(N+1)/2;
for m=1:N
for n=1:N
dis=sqrt ( (xo-m) "2+ (yo-n)"2);
if dis>3.5355*N/10

SC(m,n)=0;
else
SC(m,n)=(2*pi*f0)"2*(1/(c1”2)-1/(co”2));%da doi f thanh fO0
end;
end;

end;

Sau khi da ¢c6 ham muc ti€u ly tudng ta tao cau hinh hé do véi viée b tri cac
may phat va mdy thu xung quanh vat thé:

L=N*N;

phi=linspace (-pi,pi, L)

No=10*N; % at first N=11, No can be changed when changing N
however it is affected to distance from tranceivers to object
because distance=No*h= constant

K2=cos (phi) * (No+.5) +x0 (2) ;

Kl=sin (phi) *(1.5*No-.5) + x0(1);

KK2=K2;KK1=K1;

snoise flag: option 0: noise init, 2: no noise

noise flag=0;

transmiter=1:N:L;%may phat co the thay doi duoc
detector=1:2*N:L; $may thu co the thay doi duoc

plot (KK2 (detector) ,KK1 (detector), 's'")

hold on

plot (K2 (transmiter) ,Kl (transmiter), 'c*")

hold on;

mesh (abs (SC) )

legend('detector', '"transmiter', 'scatter area')

)

)

Nhu vay ta da c6 ham muc tiéu 1y twong can khoi phuc va mot hé do, ap dung
thuat toan 1: Lap vi phan Born, dé viét chuong trinh trén Matlab ta c6 cac ham con
phai tinh sau:

Dau tién
Tinh p™ p, p5¢, C,va B twong ung 0,, sit dung (2.6) va (2.7)
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- —_—

r—=r ) viét trén Matlab ta c6

Tinh tin hi€u ctia song tGi p" (’” )= Jo (ko

pix=[1;

k=1:N;

for i=1:N
pix=[pix;k];

end;

PINC=[];

for l=transmiter
pinc=bessel]j (0, ko*h*sqgrt ((K1 (1) -pix"') ."2+ (K2 (1) -pix) ."2));
$pinc=besselj (0,4.1e3*h*sgrt ((K1(l)-pix"') .2+ (K2 (1) -pix)."2));
PINC=[PINC ; pinc];
end;

save PINC 2D matrix PINC

Tin hiéu p*¢ trong thuc té c6 thé do duoc bang cach ldy hiéu sb cua tin hiéu tai
may thu khi c6 d6i tugng va khi khong c6 ddi tuong. Con trong mé phong thi p€ lai
c6 thé tinh bang phuong trinh (2.7) sit dung ham muc tiéu 1y tuong. Nhu vay theo
phuong trinh ta con phai tinh hai ma tran B va C, ma tran B va C tinh 1a ma tran hé )

cua ham Green tur c4c pixel téi may thu va hé s6 Green gilra cac pixel:

calculate. B matrix DBIM:
BB=[];

ko SC=sqrt (ko*ko+abs (SC)); % matrix
ko SCl=sqgrt (ko*ko+tabs (SCl)); % matrix

BB SC=[];BB SCl=[];

for l=detector
B=-.25*j*h*h*bessel] (0, ko*h*sqgrt ( (KK1 (1)-pix") . "2+ (KK2 (1) -pix) ."2));% no
update
B SC=-.25*j*h*h*besselj (0, ko SC.*h*sqgrt ((KK1 (l)-pix"').”2+(KK2 (1) -
pix)."2));
B SCl=-.25*j*h*h*bessel] (0,ko SCl.*h*sqrt ((KK1(1l)-pix")."2+ (KK2 (1) -
pix) ."2));

BB=[BB ; B];

BB SC=[BB SC ; B SC];BB SC1=[BB SCl ; B SCl];
end;

calculate C_matrix DBIM:

cc=[1;

CC_sSC=[];CC_sCl=I[];

for 11=1:N
for 12=1:N
C=-.25*j*h*h*bessel] (0, ko*h*sqgrt ((1l-pix')."2+(1l2-pix) ."2)); %no update
C _SC =-.25*j3*h*h*bessel] (0, ko _SC.*h*sqgrt ((ll-pix") ."2+(12-pix) ."2));
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C SCl=-.25*j*h*h*besselj (0,ko SCl.*h*sqrt ((11-pix') . 2+ (12-pix)."2));

CC=[CC ; C]I1;
CC _SC=[CC_sC ; C_sC];CC_sCl=[cC _SsCl ; C _sCl];
end;

end;

Sau khi d3 tinh nhirng tham sb va ham con trén ta tinh duoc Ap*C tir gia tri p°¢
do duoc va gia tri tién doan va tinh RRE twong tng A0 str dung cong thirc (2.11), Tinh
gia tri 0™ moéi sir dung (2.9). Viée tinh A0 st dung cong thirc (2.11) ta phai 4p dung
phuong phap NCG nhu sau:

Ap Dung NCG Dé Tinh 40

function[delta sound]=test NCG(Mt,delta sc t,ni,RRE,gama)
[nl,n2]=size (Mt);

b=Mt'*delta sc t;
X=b;
r=b;

delta sound=zeros(n2,1);
sdelta sound=zz;

for i=1l:ni
g=Mt*x;
%alpha=transpose (r) *r/ (transpose (q) *g+gama*transpose (x) *x) ;
alpha=r'*r/ (q'*g+tgama*x'*x) ;

%$s=transpose (Mt) *qg;

s=Mt'*qg;

r update=r-alpha* (s+gama*x) ;

$beta=(transpose (r update) *r update)/ (transpose (r)*r);

beta=(r update'*r update)/(r'*r);

delta sound=delta sound+alpha*x;

x=r update+beta*x;

r=r update;
$e=sum (abs (delta sc_t))/sum(abs(p sc exact t));
temp=delta sc_ t-Mt*delta sound;
e=temp'*temp/ (delta sc_t'*delta sc t);
%tol=deltaiscit'*deltaiscit/(pisciexactit'*pisciexactit)

if e<RRE
e
fprintf ('convergent at step %d \n',1)
break

end

end;

Nhu véy ta ¢c6 chuwong chinh chinh nhu sau véi két qua dau ra 1a ham khoi phuc

O™ va céc gia tri sai so:
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Chuong Trinh Chinh

clear,clc,close all;

£f0=2e6;%

f=1e6;% tan so don co the thay doi duoc
N=22

Niter=8 %so lan lap

co=1540; % m/s

cl=co*(1-0.02); % Khoa hoc tre

contrast

landa=co/f; % m/s

lamda=co/f0;

ko=2*pi/landa; % increase when f is increased
D=4*lamda

x0=[ (N+1) /2; (N+1) /2]

fprlntf( Ratio landa/h = %f \n',landa/h);

$tao muc ham muc tieu ly tuong
SC=zeros (N,N) ;
SC1l=SC;
=(N+1)/2;yo=(N+1)/2;
for m=1:N
for n=1:N

dis=sqrt ( (xo-m) "2+ (yo-n) "2);

$if dis<N/3

if dis>3.5355*N/10
SC(m,n)=0;

else
SC(m,n)=
%SC (m, n)

end;

(2*pi*f0) " 1/(cl72)-1/(co™2));%da doi f thanh f0
=dis;

o°

if dis<3.5355*N/20
SC(m,n)=2* (2*pi*f0)"2*(1/(cl1l"2)-1/(co”2));
%SC(m,n)=dis;
% end;

o

end;
end;
figure;
[X,Y] = meshgrid(linspace (0,D/landa,length(SC)));
mesh (X, Y, SC) ;
xlabel ('\lambda"')
ylabel ('"\lambda')

RRE=2" (-4) ;
SRRE=2" (-6) ;

L=N*N;

phi=linspace (-pi,pi,L);

No=10*N; % at first N=11, No can be changed when changing N
% however it is affected to distance from tranceivers to object
% because distance=No*h= constant

K2=cos (phi) * (No+.5) +x0(2) ;

Kl=sin(phi)* (1.5*No-.5) + x0(1);

KK2=K2;KK1=K1;
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$noise flag: option 0: noise init, 2: no noise

noise flag=0;

transmiter=1:N:L; %may phat co the thay doi duoc
detector=1:2*N:L;%may thu co the thay doi duoc

plot (KK2 (detector) , KKl (detector), 's'")
hold on

plot (K2 (transmiter),Kl (transmiter), 'r*")
hold on;

mesh (abs (SC) )

legend('detector', "transmiter', 'scatter area')
calculate PINC matrix cavichi;

figure (100)

subplot (211)

imagesc (abs (SC))

subplot (212)

mesh (abs (SC) )

Niter;

errl=zeros (l,Niter);

MSEl=zeros (1,Niter);

PSNR1l=zeros (1,Niter);

gamal=zeros (1,Niter);

Quality=zeros (l,Niter);

for iter=1:Niter

iter
Mt=[];
delta sc_t=[];
X=[1];
p_sc_exact t=[];
p_sc_t=[];
calculate B matrix DBIM;
calculate C matrix DBIM;
% update C matrix for each iteration

uu=-1; % transmit index

for decl=transmiter $ for each transmiter and detector
uu=uu+t+l;
u=0; % detector index, reset for each detector

Q

for dec2=detector %

o°

create data for a single transmision and receving

otain the p sc exact : scatter field measured at detector; (1 value)
p_sc : scatter field predicted at detector; (1 value)
p: presure calculated (predict at each pixel);matrix (NxN)

o o©

o

B _SC=BB_SC (l1+u*N:N+u*N, :);
B=BB (1+u*N:N+u*N, :) ;
p_inc=PINC (l+uu*N:N+uu*N, :);

u3=0; % index cho C, reset for each new pixel
for nl=1:N % di vao tung pixel, xac dinh boi 2D: nl,n2
for n2=1:N
C_SC=CC_SC(1+u3*N:N+u3*N, :);
C_SC1=CC_SC1 (1+u3*N:N+u3*N, :);
pp (nl,n2)=sum(sum(C_SC.*SC.*p inc)); % C va p inc trong moi <nl,n2> se khac
ppl (nl,n2)=sum(sum(C_SC1l.*SCl.*p inc));
u3=u3+1l;
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end;
end;
p =p_inc+pp; % pp<>0; wave equation; % IDEAL
pl=p_inc+ppl; % at the first step p inc=pl because SC=zeros, ppl=0; PRDEICT

p_sc_exact=sum(sum(B.*SC.*p)); % using p matrix, IDEAL,l1 point, IDEAL
p_sc=sum(sum(B.*SCl.*p)); % using p matrix, Predict,l point

u=u+l;
% B change depends on detector

delta sc=p_sc exact-p sc; % 1 valuse

M=reshape (B.*pl,1,N*N);

Mt=[Mt;M]; % add more detector

p_sc _exact t=[p sc exact t ; p sc exact]; % NCG
p_sc t=[p _sc t p sc]l;

delta sc _t=[delta sc t;delta sc]; % add more scatter field in detector

end; % end one cycle of transmit abd detect
end;

if noise flag==0;

n=0.05*sgrt (var (delta sc_t))*randn(size(delta sc t));
$n=0.05*sgrt (var (p_sc_t)) *randn(size(delta _sc_t))
noise flag=1l;

end;

if noise flag==2;

n=zeros (size(delta sc t));

end;

% add noise

if iter==1

delta sc t=delta sc t+n;

end;
[nl,n2]=size (Mt);
gama=1.8755e-021; % co dinh gama

delta sound = test NCG(Mt,delta sc t,le3,RRE,gama);

SCl=SCl+reshape (delta sound,N,N); % update the sound contrast
figure;

subplot (211) ; imagesc (abs (SC1))

subplot (212) ;mesh (abs (SC1))

errl (iter)=sum(sum(abs (SC-abs (SCl))))/sum(sum(SC)) ;
MSE1l (iter)=(1/N"2) *sum(sum (abs (SC-abs (SC1))"2)) ;
$tinh chi so Quality
[nnl,nn2]=size (SC1);
N=nnl
xx1=(1/N"2) *sum(sum(SC)) ;
xx=xx1*ones (N,N) ;
yyl=(1/N"2) *sum (sum(abs (SC1)));
yy=xx1*ones (N, N) ;
detal y=sum(sum((abs (SC1)-yy) "2/ (N"2-1)));
(abs (SC) -xx) "2/ (N*2-1))) ;
-1)) *sum(sum( (abs (SC) -xx) * (abs (SC1) -vyy)));

49

detal x=sum (sum(
detal xy=(1/(N"2



Q:4*detal_xy*xx1*yy1/((detal_x+detal_y)*(xx1A2+yy1A2));
Quality(iter)=0Q;

%het

end; % interation for convergen of sound contrast
newSC1=SC1 (floor (length(SCl)/2),1:1length(SC1l)) ;
newSC=SC (floor (length(SC) /2),1:1length(SC)) ;
figure ()

plot (newSC) ;

hold on;

plot (abs (newSCl), 'r");

figure

plot (l:Niter,errl, '-ro');

xlabel ('interation') ;ylabel ('error');

figure

plot (l:Niter,MSE1l, '-ro');

xlabel ('interation') ;ylabel ("MSE");
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PHU LUC 2: CODE MATLAB DBIM DPE XUAT

O phuong phap dé xuét ndy van sir dung ham chinh nhu & Phu Luc 1, nhung ta
thue hién DBIM 2 1an véi tan s6 f1 va f2 vi thé ta ¢ chuong trinh cho phuong phap dé
Xuat nhu sau:

Phwong phap dé xuat

clear,clc,close all;
f0=2e6;% la tan so f2
f=1le6;% tuong ung la fl
N=22

Niter=4 %la so lan lap x
Niterl=4%so lan lap cua £f2

co=1540; % m/s

cl=co*(1-0.02); % Khoa hoc tre

landa=co/f; % m/s

lamda=co/f0;

ko=2*pi/landa; % increase when f is increased
D=4*1lamda

h=D/ (N-1) ;

x0=[(N+1)/2; (N+1)/2];

fprintf ('Ratio landa/h = %f \n',landa/h);

%tao muc ham muc tieu ly tuong
SC=zeros (N,N) ;

SC1=SC;
x0=(N+1) /2;yo=(N+1)/2;
for m=1:N
for n=1:N
dis=sqrt ( (xo-m)~2+ (yo-n) "2);
%1if dis<N/3
if dis>3.5355*N/10
SC(m,n)=0;
else
SC(m,n)=(2*pi*£0) 2% (1/ (c172) -1/ (co”2));
$SC (m, n)=dis;
end;
end;
end;
figure;
[X,Y] = meshgrid(linspace (0,D/landa,length(SC)));

mesh (X, Y, SC) ;
xlabel ('\lambda"')
ylabel ("\lambda')

RRE=2" (-4) ;
$RRE=2" (-6) ;

L=N*N; % number of detector
phi=linspace (-pi,pi, L)
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No=10*N; % at first N=11, No can be changed when changing N

however it is affected to distance from tranceivers to object
because distance=No*h= constant

) * (No+.5)+x0(2) ;

) *(1.5*No-.5) + x0(1);

o\

o°

K2=cos (phi
i

b
Kl=sin (phi
KK2=K2;KK1=K1;

snoise flag: option 0: noise init, 2: no noise
noise flag=0;

transmiter=1:N:L;%may phat
detector=1:2*N:L; smay thu

plot (KK2 (detector) , KKl (detector), 's'")

hold on

plot (K2 (transmiter),Kl (transmiter), 'r*")

hold on;

mesh (abs (SC) )

legend('detector', "transmiter', 'scatter area')
calculate PINC matrix cavichi;

figure (100)

subplot (211)
imagesc (abs (SC))
subplot (212)

mesh (abs (SC) )
Niter;

err=zeros (l,Niter);
MSE=zeros (1,Niter);
PSNR=zeros (1,Niter);
gama=zeros (1,Niter)

’

for iter=1:Niter

iter

Mt=[];
delta sc t=[];
X=[1];
p_sc_exact t=[];
p_sc_t=[1];

calculate B matrix DBIM;
calculate C matrix DBIM;

)

% update C matrix for each iteration

uu=-1; % transmit index

for decl=transmiter % for each transmiter and detector
uu=uu+l;
u=0; % detector index, reset for each detector

o)

for dec2=detector %

o\

create data for a single transmision and receving

otain the p sc exact : scatter field measured at detector; (1 value)
P _sc : scatter field predicted at detector; (1 value)
p: presure calculated (predict at each pixel);matrix (NxN)

o o©

o

B _SC=BB_SC (l+u*N:N+u*N, :);
B=BB (1+u*N:N+u*N, :) ;
p_inc=PINC (1+uu*N:N+uu*N, :);
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u3=0; % index cho C, reset for each new pixel
for nl=1:N % di vao tung pixel, xac dinh boi 2D: nl,n2
for n2=1:N
C_SC=CC_SC(1+u3*N:N+u3*N, :);
C_SC1=CC_SCI1 (1+u3*N:N+u3*N, :);
pp (nl,n2)=sum(sum(C_SC.*SC.*p inc)); % C va p inc trong moi <nl,n2> se khac
ppl (nl,n2)=sum(sum(C_SC1l.*SCl.*p inc));
u3=u3+1l;
end;
end;
p =p_inc+pp; % pp<>0; wave equation; % IDEAL
pl=p_inc+ppl; % at the first step p inc=pl because SC=zeros, ppl=0; PRDEICT
p_sc_exact=sum(sum(B.*SC.*p)); % using p matrix, IDEAL,l point, IDEAL
p_sc=sum(sum(B.*SCl.*p)); % using p matrix, Predict,l point

u=u+l;
% B change depends on detector

delta sc=p sc _exact-p sc; % 1 valuse

M=reshape (B.*pl,1,N*N);

Mt=[Mt;M]; % add more detector
p_sc_exact t=[p sc exact t ; p sc exact]; % NCG
p_sc t=[p _sc t p sc]l;

delta sc t=[delta sc t;delta sc]; % add more scatter field in detector

end; % end one cycle of transmit abd detect
end;

if noise flag==0;

n=0.05*sqgrt (var (delta sc t))*randn(size(delta sc t));
noise flag=1;

end;

if noise flag==2;

n=zeros (size(delta sc t));

end;

% add noise

if iter==

delta sc _t=delta sc_ t+n;

end;

[nl,n2]=size (Mt);
gama=1.8755e-021; % co dinh gama

i) 000

delta sound = test NCG(Mt,delta sc t,le3,RRE,gama);
SCl=SCl+reshape (delta sound,N,N); % update the sound contrast
figure;

subplot (211) ; imagesc (abs (SC1))

subplot (212) ;mesh (abs (SC1))

end; % interation for convergen of sound contrast

ko=2*pi/lamda; % increase when f is increased
calculate PINC matrix cavichi;

Niterl;
errl=zeros (1l,Niterl);

53



MSEl=zeros (1,Niterl);
PSNR1l=zeros (1,Niterl);
gamal=zeros (1,Niterl);
Quality=zeros(l,Niterl);
for iterl=1:Niterl

iter
%iterl=iterl+1l %use for while
Mt=[];
delta sc t=[];
X=[];
p_sc_exact t=[];
p_sc_t=[1;

calculate B matrix DBIM;
calculate C matrix DBIM;
% update C matrix for each iteration

uu=-1; % transmit index

for decl=transmiter % for each transmiter and detector
uu=uu+l;
u=0; % detector index, reset for each detector

Q

for dec2=detector %

o\

create data for a single transmision and receving

otain the p sc exact : scatter field measured at detector; (1 value)
p_sc : scatter field predicted at detector; (1 value)
p: presure calculated (predict at each pixel);matrix (NxN)

o o

o\

B SC=BB_SC(l1+u*N:N+u*N, :);
B=BB (1+u*N:N+u*N, :) ;
P_inc=PINC (1+uu*N:N+uu*N, :);

u3=0; % index cho C, reset for each new pixel
for nl=1:N % di vao tung pixel, xac dinh boi 2D: nl,n2
for n2=1:N
C _SC=CC_SC(14+u3*N:N+u3*N, :);
C_SC1=CC_SC1 (1+u3*N:N+u3*N, :);
pp (nl,n2)=sum(sum(C_SC.*SC.*p inc)); % C va p inc trong moi <nl,n2> se khac
ppl (nl,n2)=sum(sum(C_SC1l.*SCl.*p inc));
u3=u3+l;
end;
end;
P =p_inc+pp; % pp<>0; wave equation; % IDEAL
pl=p_inc+ppl; % at the first step p inc=pl because SC=zeros, ppl=0; PRDEICT

o)

p_sc_exact=sum(sum(B.*SC.*p)); % using p matrix, IDEAL,l point, IDEAL
p_sc=sum(sum(B.*SCl.*p)); % using p matrix, Predict,l point

u=u+l;
% B change depends on detector

delta sc=p_sc exact-p sc; % 1 valuse

M=reshape (B.*pl,1,N*N) ;

Mt=[Mt;M]; % add more detector

p_sc _exact t=[p sc exact t ; p sc exact]; % NCG

p_sc _t=[p sc t p sc];

delta sc t=[delta sc t;delta sc]; % add more scatter field in detector
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end; % end one cycle of transmit abd detect
end;

if noise flag==0;

n=0.05*sgrt (var (delta sc_t))*randn(size(delta sc t))
noise flag=1;

end;

if noise flag==2;

n=zeros (size(delta sc t));

end;

% add noise

if iter==

delta sc_t=delta sc_ t+n;

[nl,n2]=size (Mt);
gama=1.8755e-021; % co dinh gama
delta sound = test NCG(Mt,delta sc t,1le3,RRE,gama);

SCl=SCl+reshape (delta sound,N,N); % update the sound contrast
figure;

subplot (211) ; imagesc (abs (SC1))

subplot (212) ;mesh (abs (SC1))

errl (iterl)=sum(sum(abs (SC-abs (SCl)))) /sum(sum(SC)) ;
MSE1 (iterl)=(1/N"2) *sum(sum(abs (SC-abs (SC1))"2));

% tinh chi so Quality
[nnl,nn2]=size (SC1l);

N=nnl

xx1=(1/N"2) *sum (sum(SC)) ;

xx=xx1*ones (N, N) ;

yyl=(1/N"2) *sum (sum(abs (SC1)));

yy=xx1l*ones (N,N) ;

detal y=sum(sum((abs (SCl)-yy) "2/ (N*2-1)));

detal x=sum(sum((abs (SC)-xx)"2/(N"2-1)));

detal xy=(1/(N"2-1))*sum(sum( (abs (SC)-xx)* (abs (SC1l)-yy)));
Q=4*detal xy*xxl*yyl/((detal x+detal y)* (xx1"2+yyl~2));
Quality(iterl)=Q;

$het phan tinh chi so

$PSNR1 (iter)=10*1ogl0 ((2"N-1)~“2/MSE1) ;

end;

newSC1=SC1 (floor (length(SC1l)/2),1:1ength(SC1l)) ;
newSC=SC (floor (length(SC) /2),1:1length(SC)) ;

figure ()

plot (newSC) ;

hold on;

plot (abs (newSCl), 'r");

figure

plot(l:Niterl,errl, '-ro');

xlabel ('interation') ;ylabel ('error');

figure

plot(l:Niterl,MSE1l, '-ro');

xlabel ('interation') ;ylabel ("MSE") ;
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