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- % 2.4 9} Fo] FA wjEde 7 Al HE vl d(multi-static point)o® T, A
A zdo] ek Green ¥4(Green functlon)i ¥otsls tsaEldlolEl (MSD: Multi-static
Data)= 3 H3F dlo] Eo]d B3 (SVD: Singular Value Decomposition)A] Eo|HE(V)7} A&
w7t 4 4 (5]

- MSD #E K &= fJE5 Bx3AFH redA fod F de AA wjdtEHy 7 e Aol A
A3 Ix(1,2,..0 000 dg vymA A A" Rx(1L,2,...,09 ¥ E Green
(heterogeneous Green function) G, = th¢l 4 (2.1)¢F Zo] 24 7}

(2.1)

- AR wak Mg Ao et AR K = M x M 279 fdaHe gdHY, K 2 4
(2.2) 9} o] SVD dto] Eolaiy ¥V = AL 5 UG

K=U+S. V# (2.2)

- Eolgdyel U@ A WA SolWE o= 4% seug

=1 = w
Al A (2.3)3 2ol AH 7k o= T =AY 7 Ue

L =a v (2.3)

- wlolARTE o] &d A Al UF TF FESs I vlolaRs s dukdo R b
o &4l vidtHYUZE i Al Tl v g A=A wjAbE Vo] WAl FAlE Abek
23 =4 HolEE 7ute g o] gy A WEE I Asst

- Azt sk AdivksY @3t A e 2 il E7Fe Sl ajdbEve] wap As
Ar 2 JAstE dof sl, olEur EF(ill-posed)AE] FAHA HAS F3s7] 9l
Gauss—Newton HFEH[6]-[7]2 o] &3t

- olE A A AL daEFe] S5 = (Flow—chart)E I8 2.7 oA XIS
1. A A 2] Abek dHlolE (scattered data)E S543Fo] Fat S Z(true data) A%

2. A2k B Al (computer)ol| A+ &

ol =R WaE 3]A1 7] (forward solver)ell 1=, wdl %73t
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solver)ol RA#S B kol ALsles dUolE



- a9 24 9 4B2 F 0 AdEeR A5 Ad 13 2.8 agelAet 2ol FA]eA
ol 4 Qi Abek Aol A% AF YEL e 2e How B b

Scatterer

Tx source

T 2.8 FAZNA Qold F Qe abw Ao o@ Age] 4R

- O 2.8 o] AEelA FATA D= Ak Aol o7k o] AR xW AR
[e)
A=)

(surface integral equation) 2] (2.4) ¢} Zo] BT 4 <l

z

E (r)=E""()+E*“(r)=E,™r)+k / G, (rr') o O') « E.(')ds’ (2.4)
S

-k, - wd ujFolAe] u(wave number), Xk o w7 Aol EFk(contrast)

O(r)=e(r)/e,—1 , A (homogeneous) Green &5 : G, (r,r') = %H()(Z)(kblr* r'l)

- A A7IAE A o]itsk(discretization)sto] @ H (matrix)sh Al



(2.5)

(2.6)

- It @9jad, 2= Aol 7}=3
(2.7)

23 o)de & oAt wAsd, A s 71014 Gauss-Newton R
2 b

(2.8)

—

AO, = JHI+a’T) " o TR e (y—ypr00) (2.9)

- ox A3 FEvE, A& dolE 4(RxITx) = E(rpelrge)/E 2rpylrgy) + 7,5 n HA 2
HlolBl L, yp,.v 3ot doly ¢

- g Ao Bd &4 07F ddlelEN vHlar|®E dvlweta Za exk mvkd A HE B
A3 A ZAA Green SHE

- g Al Bd s ke YL Ui A9 vlelaRs s g 5eke Ao, w7
Green 3 G, & &-&35to], nlola=zsl G4 oA HE FEAH r, o E J& spein
| w, ;LUL 2 9o

AR W AN Bl B1E A dudFEe 7

- A% ey (w,) 7 T AA =
B

- Ay daeglse A A r|E olgste] HE wetwE L 4%% 8 =4 = (PLD:
Power Loss Density) Z¥E o=, oluf PLDE 21(2.11) 3} o] 42 &

2
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PL_D — —U(E real ° wx) (211)

- o] PLD ol ojsf AT A& stz @ T WAYSBIE: Bio-Heat Equation)d} °]&
wy
=

A5k P&l elg A xAol Fo wAs: WAL Penese] BHES] o3l 4 (2.12)
Aoz AAES} BFPel ) g%z &4

o] £EZ AAtel: R WA Ao] ¥, o= FpID otuEZo 2 MA7} sbedt
o1 (r,t
Clr) = plr) - % (2.12)

=PLD(r)+V « (K(r) « VT(rt))+Alr)—Blrt)(T(r,t)— Tp)

r A Ay, C @ E8&F(heat capacity, [J/kgC]), p @ "X (density, [kg/m3]), T : &
% (temperature, [TC]), K : €HEX(thermal conductivity, [W/mTI), A @ A
(metabolic rate, [W/m3]), B: &FZ(blood flow, [W/Tm3]), Tp : ol %=(T), t

AZHs)oZ FA=E

>
Y
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R
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oz ol7tEE A Pl o3 ZrletE A A
2 AW A2 At o s] WS =

wek g jAe Alenn e £ AGAN fA%

oﬂ s &%= T TEU]T,‘:_'— H&Xéé}p_i ;ﬂ7H, }\]Zl'ol Z]lé—oﬂ we ew

Al 3T

4

AAE Aol o4 AR &
EEENS

T E 2.1 oA Zol o Ale) A 24 A4 S4ke TRAAR JPsa. w7
=]

Ay W5 b 94 AAZRHCR A (2.13)S F1E F A

T (r,t
—Kl(r) - 8(n ):H' (T, (r,t) = Tpy) (2.13)
He: @49 Al (heat transfer coefficient, [W/mKl), 7, : 949 %W &%, n, : I

e = Y, TB]W: v wjde] 2 w=ql

B AFoM e SFFE A WdR AR ed, SR ofFF £2 dHRERE A
9ol ¥ FTWHoA WA= X e d FAS BAANATE B oS 3 2 Yo
A B dA = & 2% 20CT7 AL Sx(A)sa 7 s
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AbE AL

A FZ(loop)oll A8 F A
W GpU B8 WY W

ZEAA

DR

oo Mo

1l = (]
A A== g8 oA
%2 -
p, (kg/m’) £ (W) ¢, (J/kg A, (W)
v A v A
Z"E f 1,000 0.6045 4,179 0 0
o T T
R 1,086 0.5169 3,617 0
i (£]3]) 1,908 0.3200 1,313 154.87
W () 980 0.1921 2,065 464.61
il 911 0.2115 2,348 506.57
e 1,090 0.4950 3,421 906.12
u] 5 1,109 0.3722 3,391 1647.52
AlEdelds feh A 223 9@ HAk AlEdolA
- A% gy FEF 4y 5}k 7 A=l A 2P ol 1
2.9 ¢ &
Aatedd 2 A3 JA&E S84 434MHz (ISM 39 : industry, science,
medical <9< A3 FITUON A 48 vjds] O 5 o oie)ol =247 A3
58 &3 ofg] 95 x| WYzt ik AlEH oA 3§
A ete L= 180mm HHE 9] LFud = 16719 tholE <HHUE EAFste] 4, w4 wj&
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X2 A5 & A =4

8 SEE mectet [ e =)

o o o7 Al N =
-—,Z—iﬂ——r 53131 7H‘l‘ (X]T:T)

W Zo
434MHz - ° Fel 16 180mm
) 2 WE
¥ 2.3 A o]HdS 9%k 4 Ay E X (@ 434MHz)

Z2 (tissue)

(relative permittivity)

A714 =HE(S/m)

(electrical conductivity)

w7 w3 (E, distilled water) 78.0 0.05
3 (vessel) 63.8 1.36

] (£]3]) (bone cortical) 13.1 0.09

W (F<>) (bone marrow) 6.0 0.02
A (fat) 5.6 0.04

=% (muscle) 56.9 0.81

I 5 (skin) 29.2 0.71
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a7 2,13 AFpdAEY vbESlg 2 4 HAE AlEd ol A2 (PLD)
(a) n=40, (b) n=20, (c) n=10, (d) n=5



a9 2.14 AlZbe wE Auk FEe] U 2% A4k AlEeld A (n=10)
A3, (e) 5% A3}



BHE 3i4171¢] xo] A#As}, 5@ A3 & A 27)2= 36TA 53 99 i 2= 43,

7C (F7.7C Lx45)9 A7 E dg o

7} +4.0C A4d e A2 40m AEo|H, o] Fub4 434MHz, 259
? oF Wk gpge] 7719

=, A AEIH A% BEANG A AF)eNM ol MEHom F oFozo
2EAHe] P& Go| WAL B e RHllA HA L AojibA Bk

Qb Ae AN AAGL el P ghol 13517k HwR A@sPor], ol chelA
A2 glel RE Aol waE ks Mo R £

2 AFdE HxAHA 43 JE HMS HUHE JUAEE ‘CEM 437 (Cumulative
Equivalent Minutes) & A}&3fo] 4 31505

CEM 43+ ﬂfw—i Srol M Ao FE A5 MF(thermal dose)o]l HF3] FYHAEA
A oglom, 1977 ‘Sapareto’  [12]1-[14] o 9] Aokl AXFFe] @S] sdow
o] Bhg ool 1 g ARE I A
CEM 43[minute]= ofefje] 24 (2.14) ¢ Aoz -8
Y (43— 1) 7
CEMy = Y[R ) t, = f (R Vat (2.14)
=1 0

C
ME7F Aolgls 2L FAT mF A7 wgoln BE 43T o4d uE
[} 0

Lo

stx gylrb WAl CEM 43 35 % 2.49F o] Ay 4

Eo2.4 7 AA 2R g a3bsh BASE BN 43 FA ()

Z4 A A DA (2 Al2) <4 A&

] 5 > 40 ~ 288 -

M hels > 15 ~ 60 <8

=5 > 41 ~ 80 <10

1t > 16 -
Iy 2.149] HF AlEHeA A¥AAE CEM 43 o2 A kst Ays 9 2.15004 H]
i A

4

- 59 AlEdoolA Ag Ax, CEM 43 7] FHaA| 3.15 [#]19 FA7F 914 (385, -1DHE F
O 2 (2 x}:3.6 mm) 70%9] & MzFo] +2H 0304‘01 g 15(95) ~ 20(8%) mm A=7F &

= A+

Hd >
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BA Born approximation

BHE Bio-Heat Equation

CEM Cumulative Equivalent Minutes

CEST Chemical Exchange Saturation Transfer

DBIM Distorted Born Iterative Method

FDTD Finite-Difference Time-Domain

ISM Industry, Science, Medical

MRgFUS Magnetic Resonance Guided Focused Ultra Sound
MRgHIFU Magnetic Resonance Guided High Intensity Focused Ultra-sound
MRI Magnetic Resonance Imaging

MSD Multi-static data

MW Microwave

PLD Power Loss Density

PRF Proton Resonance Frequency

PRES Proton Resonance Frequency Shift

SF Synthetic Focus

SVD Singular Value Decomposition

VIE Volume Integral Equation






