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2.1 28994 (Ultrasound Image)
20kHzE T & F34-2 Ad &3 2yt s ZLuk= oA o

A e duRaTt B v AAA uAbge] del wAl, R, 37t 9

ojdth. ol ZFve] SAS ol&ste] <Al WF =4 S daL, o] 9

59 42 % d9Ex7 g2 5 ool dAss AAMel 29 2.1

W ol 25k oluix] 9] wkakel F37E dojtrh(7],[8].
Tissue A Tissue B
Impedance 71 Impedance 72

Incident ‘ — Transmit
Reflect -
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ofu) whiste] WEFS F oujde] FAwe] FHE SFAVLzo] ue} @

S 4 229 Pol WAME SAE Pt AR SUAE POl vlgel WE

Rp = = = 22 (2.2)
i 2tZy
& at 9] (Acoustic power)E 283}t o A7} EWRATA A mjd 2 Ay
= &S YE=d Watt[WIHH 2 ZA S, 253 olyx= 19 2.294]
Hojx5zo] EdlawAe wEl 5EAT S (Acoustic field) g o] FHHER
W/em*st o] wud 9 SIgMz AgHE S SFFE(Acoustic

intensity)2tal oH[7],[8].
—_ |
—-—'—'_'_'_-.__._—-—-—‘—‘—'—‘—-—.
— |
a9 2.2 ERXEFA Y & SFFG YA} o]

olH T xgdt Aue] FEE YEhY] s AFWAA ] AFoR RAE
T A E=9AA 4= (Intensity reflection coefficient) 2A] ¥HAMZE Lol tfgh YA

F2 Fdste] 4 2.33 o] xdAT(7],[8]
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or BoloA 9 YA Be A7)9 4L X I WALEE eiA s R
Atk Faby 9ok vjde] S4o] EnE Bho] AolbA k. 2T
o A9 wAlE o gate] FAEEY] WEel WMANET EAXRFAR Eofe

Incident
Reflect
Tissue A
Impedance 71 ’
Tissue B l Transmit
Impedance Z2

39 2.3 YAZel W2 whalshel 3tue 24

offl
e
%
=
i)
r o
K3
o
B
dlo
|
rir
2l
X
X
)
=2
=
AL
o)
1
=
oy
oy
N
)
ol
b~
ol
X
i)
rir

Attenuated energy

a9 2.4 ZAY A 4

2
r&i

7}

mlotr

Tl Q% 24



2.2 CT9%4 (CT Image)

CT(Computed tomography) A& X-Ray9 7]E & o] &3l th9
T

Qe HEehel AT B F QA W PR 5 g o)

(1) X-Ray9] &4

X-Ray7} vldS F3sld 727 Ha1, o= AAd = HEdr. 54 9]
A X-Ray?] #4E Hbdst A7) I Hx2A7] e ZFHA5 pk 93 xol
i3k 2] 249} o] FHHTLY

I(x) = [je™ (2.4

o714 pe 74 Algrel™ A 259 o] Aol Hu 4 Algee UE, YA
M5, X-Ray Wl meba A4 Hr).

uw= u(p,Z hf) (2.5

X-Ray’} 44193 & Fol tleeje] #5500 G4 wEA An duy 4



C= lOglo(]-‘obj/]-‘bac) (2.6)

(2) CTel 54

CT 94¢ 18058 AQshar g dge AT4ste] dth 18058 3
=

Aol e Aul #H3A FHE A4 8] M A 275 o] &F T
f(x,y) = [ [ F(u,v)e?™ W+ dudv (2.7)

29 2.5% Aol 3 ol & LpEhdl Rol1, 18 2.6

& AT Am AEA BAF T olT,

BiciR S

rlo

a8 2.5 Alo|x=13 HA



2.3 CT9de 2&

a¥ 2.6 A FFA N FAF Abol=ad FE

vg73st A€

Image
reconstruction

Transmited surface Initial
Intensity Intensuty
Transmlt
) Image
Reflectlon
Initial _ Transmitted — US Image
Intensity Intensity (Reflection)

ay 2.7 CTIARY 2
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[6],[36]
2
B zz—zl) _ 457
t(Z,,Z,) = 1 (_zz+z1 ke

N = e g e
Ar(x, d) (d V,u(x)) (20 (2.9)

webA CTRANAN Fad=s 4 2.109 o] £dHTH6],[36].

2
- V()|
tix)=1-— (—) (2.10)
(x) (26D’

i)
1o

kel
U\l
i

71 13 A2 A 2,119 o] BAHW I

dleolar H=welM A E= Al7Iek 54 XA WA 7 wo® 3

61,0361
1(%X) =
Iyex ﬂx<|‘7“(x°”d)|)2 da (dTV (55) AZICOT PR
0E€XP 0 \ 2u(xg+ 2d) ( )



= ZdEH ol av Ay Al wet 2AE= @gow ZF3 7Ad wet

log(1+al(x))

r(x) - (1+a)

(2.12)

2.4 F 9789 FBBA B}t

A%} B FE XAk covariance)2 A

9} BY Z& X9 Ho& e Ao|vH[12],[141,[18].

cov(AB) _ E[(A-pa)(Y—uB)
OAOB OAOB

ﬁ1(Ai — ta)(B; — Up)

'aAB = (2.13)

E[(A—p )Y —pp) =

olwl ua, ug 22 A9 B Hit 0,05 A9 B XFHAN me dHloly 4
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olt}. A7 24 EH(population)o] e

2.149 o] FHY([13],[14],[18].

= Ziz(@m®®i=h) _ i£1(ai=@)(bi=b)
(nWseSh SR (@i-@)? L (bi-bY?

(2.14)

(Cross—correlation) + 949 oWl HFiFo] duly FASHR] A&

3} o= WHeR AnddAsel Aaftshnormalize)d FEjol™ AAEALES 4

%)
2.153 o} o714 = &4 9 complex, N2 voxeld, Xy voxel?lA], @

TapE HAE 99, B'OE 94BE 9¥A FHuE=

[15],[16].

271 transform<3 Aol

(F+gnl = > frm)gln+m]

m=—oo
> A BT(X)
XAEQ:IL;,B

A dets Ao Aelge el



T1H2.89 o] EfekA AlZEkste] Fod 4= A[17],[19].

Convolution | Cross-correlation |
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=
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]
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0
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o
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K

2
T Qa7 04 gEe FAM dshs Aelth e F gAS -1 ~ 14
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ot
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L
flo
-z
ML
-3
>
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N

9] ko & normalized}al cross—correlationdt™ 7 A

&2 s e A9E 98 5 AvH18],[25],[28].

(3) 45 AH= 7]"H(Mutual Information)

Fd delg e <ERVE Y AR Hdor HoH=H ¥ JdERY

H

(Joint entropy)+= F+ G2 Ha AHZA AHoJHt}h A 2,163 Zo] F JA9
dolel S A9l Belx T v 3% JdEZIE HABRE ZdHY oL 4
%7 ¥ (Mutual Information) I(A,B)¢} Sd3o] Avh[5],[181,[43],[44].
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F Qg Az AERy e Wed onE 454N AAFE FE
%

ez Fho] FolAFE T 34k Ash B ]

H(A) H(B)

H(A,B)

a3 2.9 Joint entropy®} Mutual information®<] &4

oluf FS AR IE 2t JdlolE e dE=RY Fo mAHW A 2177 Zrt

,b)
I(4,B) = ¥ Y vanla, b)zog(pA’”(fgf‘;‘jB(b)) (2.17)

oluf ALE I+ FY Fgkeln SUMEFE F G AR 2 A0

A}, s A B (Mutual Information)©= 4} 2.183% o] [ FdAHAY([5],[19].

MI =1 (2.18)



2.4 GAA T (Image Registration) — affine ¥ 3+

=
Aok FFAZ HY S, B Ao A A}
H MIAMI FuseX =z 138 i) AsHS 93] affine™ 3 (Affine Transform)<

oj-&3ste] Fd= FAsta, HrE A dE AR

L

(Mutual information)<

o]-&3H}[5],[101,[111,1161,1191,1201,[211,[221,[231,[24]1,[27].

(1) ©+¢ 3 & (dentity Matrix)

gojgg e @y Aol 7z ¥ PHR affined o JFAME ANS
= 71Ee HAREAVE MYHHA gevh 71240 23 MYES A 99 94
o 2 2199 o] mH vk 339 affine® S 229 affined dS gsh3

5ottt

)
(g
ol
i)
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N
L

-

10
lo : (2.19)

r°*'

9 YA 7E AEE 48

M F M E orpAs oo W IRCET

A= 2 2,203 2o

A 2.20 oM Fdd g kol & FHES Ve FHe 48 A5 st
flas & & 5 v
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(2) 171274 (Scaling)

affine o] 715 A4S A% FE2 4 2.213 ZHH26].

scale x 0 ] (2.21)
0 scaley '

4 221 71F9del Agakw 4 2.229 A%E FA T 5 AUk,

[x’] _ lscalex 0 ] [X] _ [scalex X X] (9.99)
1 0 scaley| lyl |scaley Xy '

y

4 2.23% g AL A

E] = [(2) (1)] [;] = lzyxl (2.23)

ag 2. 10 x¥3¢o = 2ule V|2 2FE ALY

(3) 7]+ (Skew)
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[scale X skewy

skew x scale y] (2.20)

a3y 2. 11 7]€9 ¥y e B

(4) o] (Translation)
2219 affine® 3PS A 2 x 2 PFA& o] &3l A7 7|edS AT
T 9tk ol%Y ASE 7E FHEoA Al W3t opd Az el W3}

AEE = Aoz v Y Altol asi. o2 fste] 3 X 3 FHE= P

2
27), 7149, AR 57A Aen Ahde A 2259 gow PAL A&
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X' scale x skew y 01 rx
[y’] = [ skew x scaley O] [y] (2.25)
1 translation x translationy 11 1
(5) 2] (Rotation)

affined P oA JHAHMPL (0,00 & 7IFo= 17] wol o WP} A

& BAE HD Yok HANFS AN A 2.262 o] &3]

cos(theta) sin(theta) 0
—sin(theta) cos(theta) 0 (2.26)

I 2.12 ¥y £Ad & AFx}o]
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3.2 AA A7 T4

AR FA CTge MBS AT Jyde PR, 340 2e99y A5
S 9% PR, a3 PTG o FReln] QA Axge THEE I3

3.1 g

Simulated CT 3D Ultrasound image Similarity evaluation
= | F v

US+CT
US+Simulated CT

2D Ultrasound image Correlation coefficient

US+CT
US+Simulated CT

—
—
2

H!

Simulated CT image Array 2D Ultrasound image Cross-correlation
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H(f) = Xn — Xp-1

ez 12 7HEEHN L

A AT6],[321,136].

1(X) =
I.ex . f/lx (|Vﬂ(x—0)+ A&)|)2 da (ﬁv (3—5)) V()| (3.3)
0P\ o \au(wor2d) ) @y

Z2 2% 547 Hounsfield unit G A< Adto] glo= 2 CT intensity e}

AE ol&ste] ARG R [(x)°l mapping p(n(x)E A4t 33

[N =] <7
Z A O FTFE A] 7}
=z A

th A7) = S£9Ex 1060 zFol A9 Hounsfield unit, 1050

Hounsfield unite]©+[61,[33]1,[36].

N\ _ /= (¥—1050)2
p(p(x)) =1(%) + 1060°0(D) (2.12)

ol 71

% 3.3 F22.11, 2.129} o] &9 ug} MATLABS Ab-&38te] 2Pk <

g ol
=22 -



CTim = analvzeTaread( CTZ. ina J; FHAE 2D
Orilm = CTn(:,:,18);

croppedim = double(flipud(incrop{Oriln, [B0, 160, 180, 2101)));%2F 2200 H2I510 UHIIEE A [2E,

[# v] = sizelcroppedin);

Mulm = zeros(x.y);
intensity = zerosix,v);
reflex = zeros(x,y);
transn = zeros(x,v);

reflect = zeros(x,y);
transml = zeros(x,v);
d=1[10]; SO o [T O HHA ok, [0 1RIZHH 2EZ
far i=1:x-1 YRR E S 2 At
for j=1zy-1

Muln{i, §) = croppedini+d{1),j+d(2)) - croppedin(i,i);

reflect(i, §) = power(Mulu(i,j)/2«croppedin(i, i), 2;

transnl (i, j) =1 - reflect{i, j);

Mulm{i, j3 = Muln(i, j} + abs(croppedin(i+d(1),j+d(2)) - croppedin(i,j});
Mulmii, j) = Mulnli, j) / ((2+croppedin(i,il)."2);

end
end
a=01;
for i=1:x BERARM EE TS ZEMEL Tdgicz HE
for j=1:y
expi = 0;
for k=1:i-1
eup_i = exp_i + abs(Mulm(k, j));
end
transmii,j) = T+expl-exp_i);
intensity(i, i) = 1+expl-axp_i)eMuln(i, j);
if cropeedinti,j) > 1080
intensity(i,i) = intensity(i,j} + ({croppedini,i} - 10501772 / (1540+1060) + transm(i,j);
enid
reflexti,i) = logl0{1+a=intensity(i, 1))/ logl0O{1+a);
end
end
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A 7F-E 16bit integerd Elo]™ AVS MIAMI Fuseoll A Z&3 4+ 9+ fldyd 3
B2 Azt 18 3.102 AVS MIAMI Fuseol A AFg7F&3 fldabY S e 9
32k AT G AR darg]Folth. 23 TGS g5 Ao wet )

A3 FuE A

flist = Is{ C:#Users¥BUL-Moor#Desktop¥Pesearch®] ivert jpea’ ); ¥ESE L =2
img_stack = zeros(480,640, 14); ¥Hl=, 2=, Zr
for i = 1:gizel(flist, 1],

fname = stroat (' Co#lsers#BUL-Hoon¥Desktop#Fesearchl ivert', flist{i, )]}

ing = imread{fname);

img_green = imal:,:,2);

img_stack({:,:,i) = img_green; HEISTLE 53 natrizZEf=2 HIZS
end;
fnamez = strocat( CiUsers#BEUL-Moon#Desktop#Pesearchltl iverd', flist(i, ), . f1d")
fld_write(fname2, img_stack, ‘wdr_short'); ®IMZ DI 2 GIDEAZEH(16bit integer)Z
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ABSTRACT
Study for advanced image registration by simulated
ultrasound image from CT and 3D ultrasonography

system development.

Moon, Sang—-Hyup
Dept. of Biomedical Engineering
The Graduate School

Yonsel University

HIFU(high-intensity focused ultrasound) is a non-invasive cancer therapy
without pain and side effect to patient. So HIFU getting a lot of attention, but
image registration is necessary between ultrasound and CT or MRI, if apply
HIFU in clinical area. Image registration is integrating several images into one
coordinate system. Then you can see various clinical images information at
the same time. Image registration between CT and Ultrasound imaging can
provide recognition of anatomical position and organ characteristic. This task
should be reducing image modality and acquire 3D ultrasound image.

In this thesis, in order to achieve the purpose 3D ultrasound image
acquisition system has been developed. Also simulated CT image technique is
proposed that similar to ultrasound image. Proposed system and image
processing technique was compared with hand-held 3D ultrasound and CT

image by correlation coefficient and mutual information.

Key word : Image registration, ultrasound image, image processing, image modality
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