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ABSTRACT

General ultrasound computer tomographic imaging collects projection data of imaged
object for tomographic reconstruction by moving an ultrasonic source around an object or by
rotating the object. This thesis presents a simulation of the projection data collection using
principle of ultrasound reflection which is not necessary to move the ultrasonic source around the
object or rotate the object. In this simulation of bi-plane linear-array ultrasonic reflection
tomography with algebraic reconstruction technique, the ultrasound wave is assumed as a straight
line. Therefore, it is able to use a line integral as in x-ray case which the projection data in
tomogram reconstruction is an attenuation coefficient integration of the ultrasound transmit
through each layer of an experimental object and using a frequency-centroid shift method in an
estimation of ultrasound attenuation coefficient. Then the imaging technique by using an
algebraic reconstruction technique is applied in the tomographic imaging. From the experimental
result obtained in the tomographic imaging simulation, it is shown that the projection data
collected by this described above technique is able to use in real tomographic imaging and

possible to apply in further promising applications.
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(Heinrich Kuttruff, “Ultrasonics Fundamentals and Applications”, p.273)
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(Heinrich Kuttruff, “Ultrasonics Fundamentals and Applications”, p.304)
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(Heinrich Kuttruff, “Ultrasonics Fundamentals and Applications”, p.310)
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(Heinrich Kuttruff, “Ultrasonics Fundamentals and Applications”, p.311)
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(Heinrich Kuttruff, “Ultrasonics Fundamentals and Applications”, p.398)
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(Heinrich Kuttruff, “Ultrasonics Fundamentals and Applications”, p.400)
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(Heinrich Kuttruff, “Ultrasonics Fundamentals and Applications”, p.407)
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(Heinrich Kuttruff, “Ultrasonics Fundamentals and Applications”, p.408)
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(Heinrich Kuttruff, “Ultrasonics Fundamentals and Applications”, p.413)
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(Heinrich Kuttruff, “Ultrasonics Fundamentals and Applications”, p.414)
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Pr(t) = 2 "en(t) (3.2)
n=l
4
e
é v ) 4 "
p,(t) Ao adusans Twilafifianmsaaneu (attenuated waveform)
A A o o 9/ @ 3 3 a
r,,(t) Ao aduiadRasioundy o uineduAI
Iy
-2 ja(x,y,f )il
N-1 A
- Ro 1
reN(t)- RN(kI;[]Tk)XPi(t"TN)Xe (3.3)
Taeh

y [ g/ 9 []
r., (t) #e atuRadazfoundy o Fufaqahe @Guin &) Tulasmna

L ) A - =3 =y 3 1
R,, fie smsazfioundy (Reflectance) vosndusaai1 luiin o aduil v

] 9
@ a

N-I1 A v . A o 9 a da ' a
I1 Tk A9 AINITANHIU (Transmittance) ﬂlmﬂauﬂﬁmﬂmuﬂmﬂumamu%um‘n
=] .

k4
o

1 99UA N
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{ A A Qo Q = =
7y s nmdeunied il Fsaeandesiufussesnannnsuaduwes feRa
£ 4 g 4
youtlodioiuil v
a(x, y, f,) flo mmsnaneuvesAusani Taliafiumeimuiedefinga (x )
4 &
Fegufunrudveminianes )
A Y4 { a/ 3 { ] 1
aduRadgaeigniuiinldiuszdesgnilfeuldedluglvesTawuanui
N ; 224 " 4
(Frequency domain) #ieils1ngluaunisfi 3.4) [91 Meilerldauisoasiefuanudn

Fyanafinueniiyn (Amplitde) snniigald

IN .IN
Ren (f) ‘/E;( 11 Tk ) X Pi (f)x e-z Ijl a(x’y’fT )dl X e—Z] Ijl¢(f)d1 (3.4

ol
R, (f) fe adatad e toundy o Sufgathe @ M) W Tawanyd
#(f) fo Bl (Phase shift) Fafamnaifiaid (time delay) Tu Tamunm
1NAUNIIT (3.4) Susznuirforsutsesmu 2 mowedisdaiou fe
Iy

_ dl . Y . v 14
JC lfl (507 0 rumoniifinadeniavesd yann Feefiv idonmentiaunsaldiflu

) 9 o ! ~ ' Y - o @ A
ﬂlﬂu“ﬂiuﬂ1iﬂi1ﬂﬂ1wﬁﬂ‘ll’J'NUlﬂIﬂEJLiEJﬂ’J'Iﬂ'Iiﬁi']\?ﬂ'IWﬂﬂ‘U’J']\?‘ﬂ'lﬂﬂ'l'iﬂﬂ‘ﬂﬂu TnIvusnNaIu

9

N
4 3 ;
nilauie 7 Iflsl‘(fW dumesufinnademlavesfygyin FsnnguauiavesyiSes

3 ) v
nsmaroduriu madouma (phase shift) T lamuanudfiawihdumsmiswarlulamu
381 (time delay)
Ay =ly 9 A o o3 L)) o
Mm% dRnsandnuawizmewvesmsaanow oty idiudoya Tuswaguluy
myadamdavINdlemalianisigadia TaensauINAINITAANDU (Attenuation, @? ) 98

namluridodalal

d v
3.3 mydszanamduilszanimsaaneuvesndudanilasiin
y r
AIN150ANBU (Attenuation, ) s eztlszana ldnndygradand Tedafiaziou
aduTne195% WEinua-Sunsee-auvi (8, 9] Teedyanasand Tsdla s¢) Aazdounduan

¥ ]
leenseing wwgavirliiludeynainen (Digitized) 91AMUNIAIVBINITGN (Sampling
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] ] L4
interval) Ar= 1/F, Tudiau N deens (e 7, Aoaruduwudls, TAemunaivesdoyg o
(Signal duration)) mfmmaﬂixmmmmmﬁquéﬂmw"i"a@ﬂqué’ﬂmwmmﬂnm%”u
(spectral centroid) NANNT (3.5) [8, 9]

_ ml(Ti)

fc(‘r,) = m (35)

v

e f) Aennuiquinats (MHz), m, Ao Tuandtdud o, m, feTunmddndud 1

A Tuuddaun j ennsediuinldein aunsh 3.6 [8, 9]

mf(fi)=Tfj -S(r,, f)-df (3.6)

dle 7 fe TanmvndumisEuduvesdyguauiegaguinaisvesiulad(ise)
£ #o anudi(MHz), j AedieuuesTumud

1 o o o Qs A LY )
S(z,, f) Ao smilanufias (Power Spectrum) vosdgygnandudaniiluin

fremsduiiguuuinvesaduiuisznimmsaaneufiuaNuves

nImaaarasiFady (linear-with-frequency attenuation) ASEUNIS (3.7) [8, 91

af)=8f 3.7)

e a(f) e mmsasnouvesdygadans: letn (dB/om)
g #emduilssAnimsaanou (dB/cmMHz)
£ feanutvesnsuaiuwes (MHz)
mmﬁ'uﬁuﬁ’ﬁenﬁnuﬁm"1%’5\15 [8, 9]

5868 df.

=" .8
co(r) dr .

Q QJ
Tag B fearduilsyansmsnansu (dB/emMHz)
A o A o v o & A
c o anudvpeniudandiaud luiiede (cm/psec)
] i [} [] o []
868 ap maefinldlumsulamiiesinniae neper Wiunite dB  (neper Ao
niedad 1Y logarithm 1a® 1 neper = 8.68 dB)
df,  fis manuuand1sveInWDgUINT1N (MH2)
1 1 o [] a 4
dr o MANULANA9UDIA MU 1A (usec)

o2  fe Aanuutlsdlsan (MEZ)
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A $ 1 " ~ v y
oozl seuIUAINITBUNLASNAINITaANOUT (Integrated  attenuation),

IN o Qo Qo
Talx,y, f; )l , sulnafuvesdyauannseny (Incident) uag dyariazion (reflected)

h

A o 9 a a o & o 1 a 4 ' .
yosnaudand1 luiln szgnandiuln metii lilwidr audguénaie (Frequency centroid)

awluaunis 35) awnuuandsvennudgudaasvesaalaaiussniedyanaan

QL

¥
nsEny une Syanudetou vesndusaailodn TuianuduiussueiuduFadudy
4 g &
MSOUNATNAINITAANDU (Integrated attenuation) B9 AAed ”agaiﬂmﬂw (projection data)
a A W a o a A 9/ & Y a o 9
anenamiuvesnausand Trfiaiues ndenniilédeya Tswaduudrfwideya

[} F
Talsiaduil 11 lumsadunmdadiedsmenyania asesuneluiadedalil

3.4 MIATNMNAAVIIMIBNAIANIIABANIA (Algebraic Reconstruction

Technique, ART)
as 9 a oA a ad 3 [ gy o ) 4
Fosaheamdfisadaduiinsadeamndulseldmdnnsnundamidas
1 3
(Algebraic Reconstruction) tuflegnaeds luineridnusidufissndie nszuaumsad
v A A = A | 2 )
AMWNTUITIAYRNALLIY Algebraic Reconstruction Technique (ART) #gniiiiaiie Iy Gordon,
4 ) é A Ay !
Bender and Herman (594 [10] fAeadosfumsadwamaaynsauiifninaiosduny

siansoulylasalataunznmaed ndisd

341  ART dhszuuaumsipudy

ART Mudnmsnuasiaenaas lunsudaunisuuudady  (Linear
equation) F fe N Aedulslinswamames 1 ffvua 0< < N—1 61 Taefl N =n?
uog 0< j < N-1 finadwmiuiagquuy 2 §dnieam 1 aladuas N =»® senwadmsy
Jaquuvaiuianiodiuias uag Pﬁai’fagaiﬂimﬂci'}'uﬁuﬁaaaﬂLﬂutﬁ'uum‘lugﬂﬂlm
pawesuuy 1 3 Tnefl M Aeminaudedianun #nldsiadu) wag 0<i< M -1 du
W fednnmesveswndl j* fiddesedidudl  Taoulamed w, fidwihfudadauves
Nufiveuwadi j* fAfafused i uag f odoynluwadl; Fanancluglii 3.3 @ewiiu

v

qumsnuusgaduldded

N
DSwifi=p,i=12 .M (3.9) .
J=l
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wfi =wlh+otwyfy = b

Wy hi = Wy fot. .t Wonfy = Py (3.10)

Winfi = Wy o+t Wi fy = Dy

TAVAVAY fos
Prut j; j;.wl fh) fl;ﬂ I'Ja-l
4]
Poy
4 \B
wy - C
St

9

511 3.3 mmuaasgiluuumsasna ez Msfusunme s min

4
nnaums (3.9) aansaudaunisldlaease Iasldsznumsudaumauuumms ndda

@Weu ity
Wi Wi ot Wiy h b
Wa 2\ A\ @8 | fa | P2 G.11)
Wi Wya Was Wi | | Py

&1 N wasfumivedfeinmuaiiales sannsa l¥msmramasuesaums Tng
AN AFHARY (Invert matrix) TWszULENAITH (3.11) 8614 15 Aamlumal §iia N
eazfimunn (lunsdivesnTnunnn 256 x 256 = 65536) taz Taeunfl saugaditanun ()
aeflunalngineu #f M oz N Smdendn nunvesm3ng w, luaumsii (3.11) A
65536 x 65536 Fa'lamsalFlunsmmamasvesaunts Tasmsnuunsnduni (nvert
matrix) 1o

342 msinnasuinmefihmiih (Weighing factor)

Forsanglit 33 Funmassingifuaesiiiag @ p, fonasamvsaue
duit i suiagluusazRnsanietensa Lwh’i'ay,amaa’)’mq“lun“lwﬁ"uLi‘luﬂi’fmgmmuﬁu“lu

¥ ]
seuuvesnm daiulumsmdmasvesmaadud i sdomsudadiuvesdoyaluud
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a . 4 g

s/ v
@ o ¥ [ o N .
aginea * dudfeduramestimiin (Weighting factor) w, 1ng1lh 3.4 Weuduaums
Y g
1anaeil

_areaof ABC

=

(3.12)
area of cell

< ] o ¥ § 4 4 3 3 [] 3
wuhmshsmawesiiufvesanmisu ABC vowdazwaiuasiuiudiu

o - a = d’d”d 9 o o o 3 o/ ] [}
mssnnaidgeen inetdwusiddldimsdnnanumawefilmdin Tasdimsuiiaea
udnzaseniuwades udiimssruianiueadosudaziraagludunisiud i

nsolu

w, = fruuveumadesiodludumaduveds (3.13)

v
PUIUVD U ALDUNIVINA

~
ALY
\
3
/ A B N WU
RN, X
j | md
it g >
y ey 4 Pint
‘[—y . ; |
N S
X N Dig

v

51ifi 3.4 mnuansiiedemIf i amesimin

103209 3.4 szdiuldduwagauiaiiu 100 wades Tnuszlizersadesegludunie
8 9y . 9
B satumailaumamaiimalneiidu 0.36 (=36/100)
L] [ ] g o \J :’ L4 $ o
winuldhduama £, HazPeauinduseitldaudamesiimdniduon 140
] 9 a -X L] s & o i‘_l o 9/ a a .3 ﬂ o ]
Argndssunteduguiu dedudlunai ifaimsdsiunnvuiuiuumives
-3 L é (-] 1 :’ - A\l 4
Sruuades Feenaud 18 lnemsanuauamesimiin Baaniiwdudu s Bive 14
I b
o/ 1 o -3 o ] -9 é [}
Tumsadanudavneldlaelaifesimsdiuradilviynass Feezgasaanarlums
o 1
furnagla
343  HANNISUVDIUATUNIY (Kaczmarz Method)
noufussunwuTy (Kaczmarz Method) Wungufiil i lunsmimamasves

sruvaumauduitigduunvesaums (3.10) Tnowafignunudae (£, f..... fy) 9290
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Rngridugaluanly (space) N 16 luailedandiudazasnssguny Hyper-plane e
ssupaumsanusavisueae 18ifunilafer (Unique solution) 3A@AYSS Hyper-plane
ﬁ"mumzﬁfgmﬁm Faozlusmasuesaunts (Solution) tefiezlfifusadauunfadendn
s lumaelhulugald 3.5 Faflunsdifddulsudaesd £ uaz £ szlaawduiud

[ ]

vy
AN

wy i twpf = b
Wy fi +Wafo =D,

(3.19)

Initial
guess

11/t 3.5 amuemsns Wnguvesuamiusy lunsudaunsaesduls

L3R5 vBIuATIASY (Kaczmarz Method) 15 1psiimdudaneuadausn ity
OO O msquannsa@ouumiuuunames adlu £ Tuanly N T8 ﬂ’lifiﬂJﬂ%s{i
usnilezgnTuision i Hyper-plane Seffoaumsusntu (.14) Ihdu 7© Faueraslugai
3.5 dmdunsfinesdia mesnonluduneuusniiein1dTasldqas

= 2(0)
0 _ 70 - =p) -
f()=f()_ 1 o 1 W1 (3'15)

W - W
d. —_ Q) = AJ o\ § -]
Tavft #, = (wy,,wy,) feduilszAnfussaunisusnlu (3.10) maigniaunsi (3.15) Wla
14
Tasmsidiou (3.10) lnaasil
w-f=p (3.16)
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wnfitvwafy=p, D ~MF

(-7=7.)

5171 3.6 Aeras Hyper-plane Ye3dums %, - f = p,

¥ 9 ] —
a8 Hyper-plane vosaumstidenindunnmes w dwaaslugilii 3.6 OD Ae
y =4 [ Y — a
- aumsfindniildseaduevannmed OC (@wiugalanlu Hyper-plane) vunnnes w

{ A ] — - @ 1 y
fanuenmnad Aodlunameinilviie OU v W, dede'luf

—

w

=t 3.17)
1/wl - W,

2

{ o o v —~ 4 A
AL ELNAIRINYDY Hyper-plane 99 laAuAIINeTIv0e 04 Tugld 36 Fefle

oU =

OC-0U

—1—;—(w1 .0C) (3.18)

—

W W
1

- B J4
= —_ (wl . f): —_
AU Wy W

‘5A|=5C-5U=

Tunsm 7O desihmsay 7@ senninnamed HG

fO=7O-HG (3.19)
anuevewnwes HG Ao
|G| =|0OF|- 04 = 70U - 04 (3.20)

unuai (3.17) wag (3.18) avlu 3.20) 9214
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£00) =
- -w —
|G| = A ) (3.21)
Wl * Wl
A > aa A v ow 2 ' = a
weenn HG N‘Vlﬂﬂ'l\ﬂlﬂﬂ?ﬂuﬂﬂlﬁﬂlﬂﬂgﬁU\?ﬁu?ﬂ OU {meningy
70y, =
— - - w, —
|G| =|AGloU = I hop (322)

AW W

unuA (3.22) uag (3.19) aetuazlf 3.15)
o - o - & P -
wasenld 70 5wimslusea /O uuHyper-plane FeRoaumsnaesves /@
1 14
Fauanslugtil 3.5 nszuIums (Process) Atidndwiy Hyper-plane do 11l M3 Talsienves

y ] 9
Hyper-plane 71 i aunsaw ldanamsTilswaduves Hyper-plane i (i—1)" fall

= (k1)
2 - w, - -p,) .
f(k)=f(k—1)_( i Jj _ P,)wi (3.23)
W, W,

H
4 - o o o
Taeh W, = (W, Wy, W) UBS k Husnaumsyidn

A32U2UMS (Process) ¥84n15911 T1519A%U 1Y Hyper-plane d19nu sgd uiiugde 11
4 3 v £ 3 { 3
Boeqaunsztastld 740 FafemsTusaduresaumsgaievesaunsii (3.10) mintiud

S - o
wmsaei Tasmslalswadu 790 Tl Hyper-plane 8

TumsdrzendlFameseuiiudedsnmllsnadudmainnuazamndesms
o 1 o L= 1 { o A
adunduivinelng hlfifaanugeenfissidauns (3.10) Tumsfimoa iesnnilgm
A ° A A ° A o £d o A A aa
Tuseamsfinna efivisarudwagmsGendudss@nsihmin w, NBNNINNTUN
sradan e 128x128 mindeya 150 Tilsiensu Taoudaz Tdsieaduesdl 150 ifuded
4

) a g o Q’l’ a P o
(Ray) futlsz@nrimin w, Manuaildhe 128x128x150x150 (~ 2.7 x 10% Gaudludmau

una

A 4 9 ' o as a a 4 Y o A
defazudlgmanugeennlumsdn Fimeivadaduq lagninaue dioldly
mydergdmsdszinaiirunsod s idie sz Sagilauns (3.23) Imilugiluuuiien

l4/ae
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N
k
Pi —Zﬁ( )wil

(k4D _ () =) '
;=AW (3.24)

2
Z Wi

I=]

p, 7o JoyaTusdaduaids

Ay sa
f, e doyaluanh
A Y v dsl' o a’d' _d' g/ 4' ]
w, fie Sasrduiufiadd ; ueraduil i sy
N -3 o oy

k A9 911U TSV

i fo durtlavsadues
A
A

j flo dumisvessad uamm

Foyaluswadud ldeinnisdsenmudinssuininainisaaneunasnaiu

a & o o { { & o
muduvonausani laiinluiaden 3.2 exgaununadlu p, Tuaums 3.24) wiovhims

admwmnay
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UNN 4

NINAAULASHANTINAADI

42’ a & o a 3 a 9/ o F
114‘U‘Vlu‘ﬂ$i’]‘ﬁ‘l_l'lf]ﬂﬂzﬂllﬂ‘ﬂﬂ'ﬁ'il']ﬁf]\?ﬂ']iﬂﬂﬂﬁi%ﬁﬂﬂ']ﬂ‘l’lﬁl%cluﬂ'lilﬂﬂﬂl@yjﬁ
g o v [ A o a
Tds@adu dreviveasrsduaiudaad ledinuuy 1 52U1L (Mono-plane) AZHUY 2 53U
R ad o’/’ =) ~ d' 9 o
(Bi-plane) 315 N1INANDY HANITNADNDY 'i’Jil‘VNltﬁﬂﬂﬂ'lil‘ﬂiU‘lJL‘VIEJ‘UNﬁﬂulﬂ%']ﬂﬂ'li%'Iﬁ@\iﬂ'ﬁ

NAGON

o o ::’ =1 9 e . -
4.1 MINANMINAAITZVUINVAAVBYA (Acquisition system simulation)

° a 2,’ =4 9) kY [} -7 nﬂ' -7 9 a a

Tumsdassmsdaeszumiunadoyalngldmissasiefundusanirluilayila
E )

uoaluInuadzdoud Idvhmadyniu Taeldlalsunn MATLAB wazilsmsifiunadeya

Q'I 3 [v] ] v g o a [ o
Tsienduonnsii 2 iy aTuaneazremiisas1Tunaudansi ludia Ae ldmiiteasiedu

A o g a ) 9 ] Y A o / a
nausand Tefiawiauoauy 152411 (Mono-plane) iag ldmulgasreduaiusaniilyia

FHAUDWLL 2 52310 (Bi-plane) A luiadof 4.1.1 uag 4.1.2 muddy

411  mstmesszvuiiunadeyaladlimipnsiedvatudannlatinstinue)
KUY 1 5T
= & dsl T @ o 9/ =
TumsByaduseessui Mono-plane # szuumusodainddanin lailnn
L [} $ Qv 7 4 Qo é 4 =)
1 904 TnelAvesimiesiudfudagnuiasieundumnissz iy ldduyadeyanidann
o A hd ’ L & Q/ ~
myazRounduiedifugadoyalunsadunmdasine mirwasieduadusanirleila
? 9 [
(Ultrasonic transducer) 7 194iu 92152 nodae 128 @21 (128 elements) uerasAsgi 4.1 AW
sBuaiidluszuuesfiu 1 Anwadeiofiuns (pixel per mm.) ¥nausand1lgiinanud
ad LR [ A @ 9/ a d 9/ [Y o A d'
3.5 WNNLIESN (MHE2) derungqing  uazatiudaad lyilafiasnounduezgniaiaiug
y L) A [ ) 'Ql o/ 3
uwuiila 40 wnnziEsn (MHz) Tasadusanirlsiaiifaldsnnmisazdeunduiiu azgn
° = i a . . A '
11141455 W5 nauB-1wunsood W (frequency-centroid  shift) tWav1A15 Y TsuIUAT
Y a . . i o a Aa ' [ A
SutlszAnInisaaneu (attenuation coefficient) vosnAUSand1 lyliafi@uniarimiag der
o a Qs’ [ v o o N o
Sulseanimsaanou # ldfwinndudeya lusladudieldlunsadnaminrnelas

¥ 5nafiyadiade 1l
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<+ 128 mm. —_—

A
128 mm.
yy »
Water (Black):/ / *

Reflect Plate

! o ]
51 4.1_nsdassszuuiiunadesyatiuy Mono-plane

412  manaesszumiueaveyalaslinieasedundudani latinyiaund
HUY 2 52
» ¥
M3FYAFUIDITLUY Bi-plane T szvuaunsadanossand 1 lainnn 1 voq
v oA v @ 4 @ 24 { a
Tneligesimdadiudrsudyarauni azfounduin gy Ikl ugadoyannaainms
@ A hd ' Y é - a
azdoundumelfiduyadoyalunzafiunindavag miseasieiuniudaadi lxia
. : 3 [ o 4 [

(Ultrasonic transducer) 1 10uildnuaziflugilduon Fe1lsznouday 256 d3u (256 elements)
1 A g d' =) = a 1
nd1afe A1z 128 elements HaAsAIgLN 4.2 AnwazBeailFluszunezdiu 1 Aniwade

a a . A4 o a { a vy
fodwas (pixel per mm.) lneldaausand1loidnanud 3.5mWaAzIBIM (MH2) darunzq
@ A o 9y a o Y o o & 4 ad A
aq uazadusaad letaiazfeundusgniananuduaudla 40 wnnzidsn (MHz) Adu
M y a AJ
gaad latiania ldnnmsaztounduriuszgnii lmarduilszdnsmsaaneu (attenuation
" Y a 4da ] o @ = a ga 4
coefficient) voenaudan laiaN@uniediuiag Tasndnnsnsiniud-isua ooyl
: - I a { Y o v A
(frequency-centroid shift) Femduilse Ansmsaanouin Idtsihundudeya Tusiagumeld

Tumsadunmaava lasldisnanvaaiade 1
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Water (Black) '/

U 42 msiaesszuuiunadeyanuy Bisplane

Reflect Plate

413  mwingdaesnlyluniinansd
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o do ! o o 2 &
mwmqmamm‘ﬁumwﬂamuuﬂizﬂfmﬁ'w ’mqﬁm’m 6 ¥U mgﬂtﬁ'w

AUAIIRDS IUA13 199 1 (guansnegii 4.3

~ ' A /A Y @ o
AT NN 4.1 ﬂ"lWTﬂiJMBiﬂlmuﬂ’liﬁiN’MQQTGEN

Attenuation coefficient
No. Object (dB/em.MHz) Radius(pixel) Center(x,y)

1 Cyst 0.21 3 (110,39)
2 Cyst 0.21 11 (44,99)

3 Fat 0.6 9 (40,29)

4 Glandular tissue 0.74 5 (95,89)

5 Tumor 1.15 1 (75,59)

6 Tumor 1.15 3 (42,65)

- | Water (Back Ground) 0 - -
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. 40,
3. Fat (40, 29) 1. Cyst (110, 39)

5. Tumor (75, 59)

6. Tumor (42, 65)

4, Glandular tissue
(95, 89)

2. Cyst (44, 99)

1 43 uaasamiagdroesilFlumsiiassnsnanes

4.14 YUADUNIINIADINTINAADI
Qv dy k% A o 0 < vy o
IHQWNU%HM‘Dzi%IﬂﬁLmﬁJ MATLAB IWaNIN151a034M N VAV YALASN

9 [l v
msadrannngy Taevzdinmsfuaumiiia xy Nanuavesnaudaad 1 Iatan@un ey

4:’ dw Y o o R B =] 9 :/I &L o [~} 9 @ o 9
L‘L!?)LEJ?)LLﬁ’JVﬂﬂTﬁ‘UuV]ﬂﬂ'lLﬂU"l’J mnuummmimmagﬂmmmm LagNINITAIN

ol té [ @ :” el { ° o
NNAAVIN mmﬂmumuuﬁmmgﬂﬁ 4.4 1188 4.5 aTuanal




Tusunsutfiu

fiayaTusiandu

v

Tvan dayafida xy
Tvan dayamwingiraas

l

Y

#Sndggradasiluiaaay

(incident pulse)

Pi(t)

v

wuav Fourier

E(f)= f )

Anudn

i,

v

dnualudasilufiagevinaf
asviaunau (reflected pulse)

reN(t)

v

wilav Fourier

ReN(f)': F{reN(t)}
Y

AU

e

fnnud
Frequency

Centroid Shift

ky—\ 1 =

Y

ﬁh\nuchﬂ

ASUFIUIU ray

(projection data)

H 14 J
UM 4.4 uansiuaeumsiiunadeya Tusindu
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Tusunsu ART

v

TuaatiayaTisiaadudt
Aiule
Tvantiayafiia x,y

v

Avuadayadudui

Ji

l__

dmnuTisianduain

1
Y

AMwnummMuAIaIATIUIN
fiayaTisianduatofy
dayalisiaadufiduiula

v
Wl (update)
1

ATUYA ra;
vm‘hhna}u

Yes

dAnnumenufanaaial
MSE

AWV

H v
U7 4.5 uaasiuaoumsadenMAaYNAIY ART
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4.2 HAN1591899N15NADDY
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. . . 4
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Profile at Y =65 (3 terations)
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Profile at Y =89 (3 iterations)
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= Profile at Y =65 (3 terations)
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Linear-Array Ultrasonic Reflection Tomography
With Algebraic Reconstruction Technique

P. Greesuradej, S. Aootaphao, C. Pintavirooj, M. Sangworasil
Biomedical Signal and Image Processing Laboratory
Research Center for communication and Information Technology (ReCCIT), and
Department of Electronics, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, THAILAND.

Abstract—Tomogram of the soft tissue can be
reconstructed by using its projections resolved from the
ultrasonic broadband pulsed waves which pass through the
tissue. While a data from ultrasonic transmission mode
tomogra?phy cannot be used to image the character of soft
tissue wl'here shadowed by a bone, an ultrasenic reflection
mode tolmography is realized to be a solution for this. There
are many ways to extract the projections, in most case the
integrat:ed attennation coefficient, of the tissue from the
pulsed wave. Almost all of these methods were proved to
implement with the transmission mode signal, but however,
some alliaptation may takes benefit from these method to
implement with the reflection mode. The system requited for
reflection-mode  ultrasonic tomography, however, is
somewl&'at complicated and hence hampers it from clinical
realizatlon. The modified reflection-mode ultrasonic
tomogr ,phic system using the linear array transducer is, on
the otht;r hand, practical and feasible toward clinical trail.
This paper discusses about the meodified system and the

suitable algorithm for image reconstruction.

I. INTRODUCTION

The conventional pulse-echo B-scan imaging is a
method| that use the reflected pulse for reconstruct the
tomogram, but the image only shows the interfaces of
tissue, not the local properties of it. On the other hand, the
ultrasonic transmission mode can image the local
properties such as the sound velocity, refractive index or
the attenuation coefficient of the tissue from the received
pulse [1]. However, the major problems of the ultrasonic
tomography are expanded into two cases. Firstly, the
diffraction and refraction of the ray while it get through the
interfaces of the tissue having difference reflective indexes
make it|travels not in the straight line, so we cannot use the
line integral geometry as in the X-ray case. The
approaches to this problem are somewhat more complicate,
known ‘as the Fouwrier diffraction theorem [2] and the
Jiltered | backpropagation algorithm [3]. But anyway, we
still can use the straight line integration if we assume the
soft tissue having a little change in the refractive index.
The next problem is — the transmitted pulse almost
completely reflected with the hard tissue like a bone, give
a null Isignal to the receiver located on the opposite
direction. This makes it hard to find the application in
human. But again, the reflected pulse also contains the
character of the tissue; brings us a possibility to utilize this
waveform.
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Many attempts [4,5] have been tried during the last
decade to realize the ultrasonic tomography toward clinical
application. The system differed form the conventional B-
scan imaging, however, hampers such realization. In this
paper, we explore the concept of modifying the B-mode
ultrasound imaging to function as a reflection-reflection
mode ultrasonic tomography. The system is similar to that
of the limited-angle transmission tomography [6,7]. We
also purposed to use algebraic reconstruction technique as
it provide the better image quality in the case of limited

projection
This paper is organized as follows. Section II presents
mathematical background of ultrasonic reflective

tomography theory. Section II overviews the algebraic
reconstruction technique. Sections IV shows the
acquisition system for gathering the projection from
phantom. The experimental results are provided in section
V. Section VI is the discussion and conclusion.

II. THEORY

f'el(t) — re(p)

— >t

THLTH

TiT2

\ !

Iaa In

lr 12

Fig. 1. The waveform of incident and reflected pulse. Where the
reflections occur at the tissue interfaces.

When the specimen is issued by the broadband
ultrasonic pulse pi(¥), the reflection of the pulse will occur
every time it passes each interface where the refractive
indexes are difference, subsequently return us the
attenuated waveform pr(?) as illustrated in Fig, 1. Only the
latest pulse in the waveform or rNV{?) that we need, because

it passes the entire tissue’s length from / ] to / N and
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reflected at the N th interface. The equations for the
reflected waveform and concern parameters are written
below. |[Keep in mind that we never know about the
character of the reflectance and ftransmittance between
each layer.

N
Pr(t) =n§1ren(t) 6))

!
-2 ]jya(x, 1 o)il

n—1 1
,en(,)=\R,,(IEITK)xg(r_T,,)xe 1

t

@

where Rn and Tn are the reflectance and transmittance of

th
the power at the n interface, T, is the delay time

corresp?nding to the distance from the transducer to the

th | .
n  interface, and (x,y,f) is the frequency-dependent
attenuation coefficient of the tissue at coordinate (%, y) .

The latest recorded pulse must be converted to be in the
frequenlcy domain as shown in equation 3, so the
frequenfcy where the amplitude of the signal is maximum
can be detected.

N-1I IN r
Ry (1) = [Ry| N1 |xpy(P)xe2 [olen )@
K=l €)

N
v Y SR

where B(f) is the phase shift of the tissue.

The attenuation, B, is estimated from the reflected
ulirasor}ic signal using the centroid-shifting method [8].
The ultrasound signal s(¢) reflected by a biological tissue

is digitized with a sampling interval 4f =1/Fg in N

sampl&sJ (Fs is the sampling frequency, T is the signal
duration). We estimate the center frequency or spectral

centroid defined by:

P L L @
ci -mo(fi)
Where
+ o

Due to the random position of scatters in the medium,
the output of the estimator fluctuates. The variance of the
estimate is reduced by averaging the spectra of 4
independent (uncorrelated) echo signals for each window
position. One centroid is determined for this depth and
noted f(7)i, where denotes the averaging process over 4
uncorrelated lines.

With the classical assumption of a linear-with-
frequency attenuation:

o) = BS ©

Where o is expressed in dB/cm and f is the attenuation

coefficient expressed in dB/cmMHz, the following relation
can be shown :

T~ 8.68 4, o
60'2(1'). dr

Where ¢ denotes the speed of ultrasound in the tissues,

dfydt is expressed in MHz/s and cz(r) is the spectral

variance (MHZ")

N
To estimate the integrated attenuation, {ﬁ(ﬂdl , the

spectral of both incident and reflected ultrasonic signal are
computed. The frequency centroid equation (4) is
evaluated. The difference of frequency centroid of
spectrum between incident and reflected ultrasonic signal
is linearly related to the integrated attenuation and hence
the projection data along the ultrasonic ray.

TII. RECONSTRUCTION ALGORITHM

The Algebraic Reconstruction Technique (ART) is
inherently a pixel-based reconstruction algorithm, i.e., a
grid correction is based on the projection and
backprojection of a single image pixel at a time. This is
usually performed via image-order projection methods, i.e.
the image is projected by casting rays into the image, pixel
by pixel

Algebraic Reconstruction Technique (ART) explored
by [10] has shown an ability to reconstruct the cross
section with convergence. However, salt and pepper noises
constantly dominate the data caused by roughly
interpolating of the weighting function. The Simultaneous
Iterative Reconstruction Technique (SIRT) [11] can reduce
the noise, but suffering from computational cost. By
combining the virtues from both ART and SIRT, the
Simultaneous Algebraic Reconstruction Technique (SART)
[9] can convert the data to high quality in a few iterations.
The concept of the SART is to resample the normal pixel’s
grids by the equidistance lattices as shown in Fig. 2., in
which each element on the lattice can be assigned the gray
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level from bilinear interpolation of 4 adjacent points. Also
the supporting region is reduced to a circle instead of a
rectangle. Another concept is to update the data within one
projection, not a ray-by-ray style as in the ART case.

. M,

Reconstruction
Circle

Fig. 2. Resampled reconstruction plane

The projection equation of the SART can express
mathematically as the following (see Fig. 2.).

M,
P~ Y G)As
m=1
, where p; is the projection for the i” ray, As is the arbitrary
equidistance between two lattice’s elements, and f{s;,) is
determined from 4 adjacent pixels (f’s) by bilinear
interpolation, or given by
. N
F(s)= zdijmfj
j=l
coefficient dj;, remarks the contribution of the j pixel to
the m™ point on the i/ ray. Substituting Eq. 9. into Eq. 8.
yields

(8)

©)

N

p=2.a,f (10)
Jj=1
M,

a, =Y d,As (11)
m=1

a; is clearly the weighting function of J* pixel associated
with the i* ray. After the projection equation was modeled,
the formula for updating the j* pixel on the reconstruction
grid for the (k+1)" iteration can be derived as in the case
of the ART, or

£
Pi=2.4,1,
D
ay N

i
a;

fj(k+1) =f,-(k) 4 J=1 (12)
Zaij

where the summation with respect to 7 is for all rays in one
projection. The complicated equation can be explained
step-by-step as the following:-

(a) Find the weight a; from Eq. 11. for all pixel j
within i” ray.

(b) Calculate the summation of i or numeration term
in Eq. 12, the summing is done for rays within one
projection. Note that, for the first iteration, the initial
values of fj are normally set to zeros.

(c) Update the f’s by Eq. 12.

(d) Move to the next projection, repeat (b) and (c).
Do this repeatedly until all projections are completed. This
is counted as one iteration.

(e) Repeat (b) to (d) by using the same weight as (a)
for the succeeding iterations.

4+— 1286mm. ————p

128 mm.

Fig. 3. Imaging Setup

IV. IMAGING SETUP

The linear-array reflection ultrasonic tomographic
system is simulated in Fig. 3. The system is capable of
transmitting a pulse from a single channel while the
remaining channels acquire a complete echo data set. The
number of array is of 128. The resolution is 1 pixel./mm.
In the simulation process, the 3.5 MHz broadband
ultrasonic pulse is inosified to the phantom, the reflected
pulse is sampled at 40 MHz The reflected pulse is then
resolved by the frequency-centroid shift method to get the
value of the integrated attenuation coefficient, the
projection data.

V. EXPERIMENTAL RESULTS

Tomographic model can be created using parameters
inside it from Table I, which conclude center of image (x,
y), radius in unit of pixels, gray level (0-255) respectively.
Fig4 shows the reconstruction result. To provide
numerical evidence, we opt to use the mean square error
(MSE) equation to determine the ERROR between the
reconstructed image and the original image. The formula
of MSE is given by

. o) - o' 6o ] dvay
1o ] axay

x 100 (13)
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Table II shows the error of reconstruction in
percentage and with signal per noise ratio in decibel. As
well, the profiles of the reconstruction are plotted against
the original profiles in Fig. 5.

TABLEI
PARAMETERS IN CREATED PHANTOM

Center Radius Gray level Alpha

x,5) (pixels) (0-255)

(45,32) 5 49 Muscle
(99,28) 4 49 Muscle
(36,85) 12 128 Tissue
(76,66) 6 128 Tissue
(98,104) 3 128 Tissue

(b)
(d)
Fig. 4. Original models and Reconstructed models
(a) original object, (b) from noise-free object

(c) and (d) are the noise objects by 30.45dB, 25dB signals per noise ratio
respectively.

(©)

TABLE II. Error of reconstructed models in difference conditions.

Signal Per Noise Mean Square Error
(dB) (%)
Noise-Free 11.49
30.45 15.33
25 20.88

[o—p—

—

Fig. 4. Profiles at the 85th line on Y-axis of the reconstructed models,
(a)from noise-free object
(b) and (c) from noise objects by 30.45dB, 25dB signals per noise ratio
respectively
(Real profiles are remarked as magenta dot lines, Reconstructed profiles
are remarked as the blue solid lines)

VI. DISCUSSION AND CONCLUSION

The  linear-array  ultrasonic  reflection mode
tomography using the algebraic reconstruction technique
was purposed in this paper. The simulated system
resembles the conventional B-scan ultrasonic imaging
system and hence makes the system appropriate for
clinical application. The reconstruction results demonstrate
that the system 1s promising.
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