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ABSTRACT

This thesis represents a system of ultrasonic computed tomography which uses
the transmitted pulse of ultrasonic wave at 3.75 MHz to investigate the cross section
of an object. Normally, the wave propagating through the difference of refractive
indices results in refracted path of the wave. As a result, the non-direct path of the
wave complicates the reconstruction procedure to derive for the cross section. In this
research, the object is assumed to be only attenuating but not refractive. Therefore, the
path of ultrasonic wave can be approximated as be direct, and the reconstruction
method can resemble to that of the X-ray computed tomography. Four methods
including the direct Fourier, the backprojection, the filtered backprojection and the
algebraic reconstruction technique are evaluated to reconstruct the object from
ultrasonic wave.
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Velocity
Medium Attenuation Coefficient
(m/sec)
Air 343 1.38
Water 1484 0.00025
Blood* 1550 0.02
Myocardium* 1550 0.35
Fat* 1450 0.06
Liver* 1570 0.11
Kidney* 1560 0.09
Skull bone 3360 1.30

*Soft tissues
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Fourier transform

v A

v

Space Domain Frequency Domain

51 47 AT sz Ml asySesvea T swadudumsudaa)Sosvonm

° = a = o
FezimsigainguiunveaSoialad 1 Tavsuduninmsinmvesmsuyaies

2 fifvoanm f(x,y) a1

Fuv)= [ [foy)e” = dxdy @.1)

—-a-a

wazli S, (w) Ao msuawiSosvesdeyaldswaduiiyy 6 (7))
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F(u,0) = Sy (1) 4.7)

o 1 [] ] P=1 - d d = alqy |5 (B
ﬁJzmumﬂugﬂtmwmqawmquygumawjﬁUiﬁ"laﬂ nan latioz luyuayAumInyu

' [ @ a w a L = = 7 =) E 4 LY
5ENIINQALIZVUNIA FannsoigninguiunveaiGuialadiiywe 1aTaeln f(t,5)

a



34

Aoilandu f(x,») luszuunfanyu (Rotated Coordinate System) aalugin 4.7 Wi (1, 5)

v o dou aw w w o
Fuwusnunna (x, ) laeanudunus

t cosf sind X
— 5 4-8
s —sinf cosé ||y e
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Vv o = & A A A A o 3 =t
MNNTU f(x,y) WVOVIUARAD ——<x <= UAL — =<y <— AIUUTINITOABU
2 2 2 2
aumsn 4.13) Tnadldsu
f(x p) = ZZF( ] ;2:r((m.'A)x+(n/A)y)
’ 2
p 3 i 4 (4.14)
——<X<———< y<—

2 2 2 2

Tumal§iia 519§ ndmlszaenveayiSosisnuiita maunsodoulmilaiiy

szz % 2((/»1)(/A>)
f(X,y)_— ( ] J2a\(m x+(n y

m=—N/2n==N/2

(4.15)

A A A
—— <X ———<Y<—
2 27 2 2

Tavauuan N dludunwdng 1519211u31510921800 (Resolution) Yoanwnaia lave
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=1
57 (FFT) dus1gduilse ﬁwﬁmsusmmu N? 403 F(m/ A,n/ A)

inﬂ'nqyr,]%mﬂuummmsmmwumamﬁmsmwmwnaumn?‘%msuﬂaaﬂﬁui‘ﬁqﬂ
- o o> A
N 4.8 991y 3 Tunou v

1) hweyaTuswaduludasyiSes 158 9218 F{p,(r)}= P, (k)

a3 ¥ o O
2) M1 P, (k) lusienesiFada(polar raster) 9214 P(k, 8) niudadszunmsan oy lu
» [
‘i"iffmﬂ{l‘?\‘lﬁdn‘lﬂ (rectangular raster) ﬁ\?'illﬂ 4.9

3) msudasnduyiFes 2 Tdves F(k k)18 f(x,»)

X2y

R ¥
g(s,0) GE0) | N F(&1.52) —f(x.y)
— ] F—1—>
1 \ 2
Fill Fourier
space
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2) msdszanaa lugagFudu

(4.16)
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P - @ & 1 % P v a
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0

Tavii b, (x,y) Ao AansziwunTasioadu (Backprojection operator) 493 1U310ATU g, (R) N
yu e
fariu M3 190 MAAY (Image Reconstruction) 910 351UA TU519A%Y Ao wasIuvoun

Tulsiaduluynaym ezl

S 9) = [by(x,y)d6

= [ [g,(R)S5(xcos6 + ysin &~ RYdRA® @21

0 -a
b4

= [d0 [g,(R)5(xcosO + ysin@ ~ R)dR
0 a

433 Ssmsadunmsavialasliitlanesuunlylsienty
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2y addn Yo o A & ek ey ) v w a
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Fourier Filter Inver,se A
g (S E 9) transform G(*’:, 9) Fourler g (S . 9) Back_project f(.T ._'1')
—* %‘ »transform oz -
1 &
L.'| Fl_l

1 ad @ o b o LY
U1 4.12 Block diagram taadismsadianmdavanlasldisamesuua T snndu
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floundu
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< a s
& 1d (w, @) Wussvuifauuy Iwats (Polar Coordinate) Tuszuny wv (5 1@M5avBU

qums (4.22) Tnaldiilu

27w
f(x, y) - IIF(W, 9)81'2711;'(.\‘0056+y5inB)wdwdg

00
Fx,p) = [ [F(w,0)e™0 ) spdydg
00

@

T
+ IIF(W,9+ﬂ,)ejva(xcos(B+z)+ysm(6+;r}}wdwd9
00

naiuldguania
Fw,0+7x)=F(-w,0)

auns (4.23) aansaeouIni @ity

f(x,y) = J‘|: J.F(W,e)|w|eﬂmwd_wj|dg

= ]‘[ mj‘Sg (w)]wleﬂ’“” dw}dé’
0L -

Taon

t =xcosd+ ysinf

wazIs s aleuauns (4.25) Tnilddy

f(x,y)= J]'Qg(xcosﬁ + ysin @) d@

(4.23)

(4.24)

(4.25)

(4.26)

(4.27)
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Taudi
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nnaumsdusziiug lumsadunmdarnanansoi idlaemsnideyausas
Tuswadu P,@)  wnimsiames ATNAADUAUBINIIAIN (Frequency  Response)
vy |w] Saaumsn (4.28) nmasahmilgunimsuuallseadudaunsi @.27) Ta
fiflames luerumaii (4.28) 5unin Ram-Lak Filter

wsiined w Sugaulsand Taondnnsudaduiinialuaumsi (4.28) devimaon
yngILAINA Tumafianganuiiogludaulszney (Components) MauayiFusiniie
amudniesiianton ﬁa'uzumﬂﬂﬂﬂﬂ%u'ﬁmﬂﬁﬂuamummﬁﬁihﬁﬂ (Bandlimited) 1Ay
W unusmawadediiunniindamidmiums Tlsadusziigntooinn

isreruuandoyalisadugndudisgavesmsguniny « s, is1erunAan liniym
399 Aliasing F9na1nfutivirluTamwuveansu/as (Transform  Domain) Tdsiadulud

WAIUUBNGIUAIIND (=7, 7) Tauh

W = 1 wfadesy. (4.29)

1510815 0 oUaUA1S Ram-Lak Filter 11t

H(w) =|w|b, (W) (4.30)

=h.

Tau

b,(w) = 1]w|£—
2t 431)

=0, Otherwise
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=

factor) MuMuNaveuwan ;” Aiaoseddun i Taournmed w, daumivdadauves

th

- S
1
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65536 AIMTUNTUVDININUUIA 256 x 256 WALHA uﬁ:haﬂﬁﬁﬁau“lmyj%mauﬁammm
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fi|fa|f3 fn
F%H fn+1 fzn

Theith rayﬁ ;\:
of width T Ax B
/ic e s

~

area of ABC
area of cell

w;j for this cell =
d'. o U .4 : ar ar o
31"" 5.1 ﬂ'IWll’dﬂQz‘lJll.‘U’i.lﬂ'liﬂ']Ullﬁﬂ Llﬁzfﬂ?ﬂ'I‘IJTmﬂ'l!.WIﬂl?"lﬂ‘i'li'lﬂﬂﬂﬁi’iN'E!ﬁﬂﬂ‘i‘ﬁlmN
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