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Z253 dUAE o] &3 F oUA] HF Zlo] Ao Aol QlojA,

F oUXE AT = FU(light source);

A7) G dyx7F Adste d9d 2235 o] &3to] oo] WE(air bubble)S AFTORN, 7] F Ay
7} i/\} A (illuninated subject)el]l HFEH = Zlo)7l Z7EEE FAHE 283 (US: Ultrasound) EAA
TAE E3shE, 223 AUAE o] &3 F olyA] HF o] Ao A,

A7 2

A 1&e] o)A,

37] G| 37 ool WEe] §li= Aol Ak v (scattering medium)oll &Jste] A7) F oAU = BE W
Foz o #de AteH(Rayleigh scattering)o] HAYSEIL,

71 @Yol A7) ool HEe] Ae A A7 B oAyA Tt A7) ddo] HEZe FE 9 AW st
Aetakoz m Ad(Mie scattering)o]l TAF ol wap A7) AL didel] AFHE ZAol7l S7lHES 7445
=, 259 oYAE o] &3t F oyA] HF Zlo] Ao FA.

A7% 3

118}el] QL] A

A7 2k EawAe 2530 FE(intensity) & STHAIAA, A7) o] HEe] AY 999 A7lE =4
st A7) F oY A 7 A7) A A (subject) ol HFEEHE Zolrt o FUMEHEE FAEHE, 289 YA
o] g3t F x| HEF zlo] Alo] FX

A7 4

A 1&gl o)A,

A7 &3 EWAT 7\11_ W7 (inner diameter)3} £]7 (outer diameter)< 2= FE|=, 7] WA sdst=
Z(hole)S FHIEIAL, 7] &85 B3 7] FUo2ZRE F AYAZE A7) 2AF dide A7tE e, 259 Ay
A& o] &3t F X %‘Er Zlo] Ao} AA].

A7 5

A|3&o] oA,

271 33 YR 7E A7) ZAF g (subject)oll AFEEE ZlolE S TEE JdFsta, V] AFIHE ol Y%
= gl HA gE AoR AW, V] 28539 ZLTt FUMEHES Aojste AoE-E o xIEE, 25
1 oUAE o] &gt F ouX] HF o] Ao A,

AT 6

255 oYX E o] &3t F oAU HEF Zo] Ao W oA,

FH(light source)& o83t F oUiX|& FAA 7= F A T dA; E

271 F AR T 24 i (subject)dl HEFEEE dolvt EEEE, A7) F dUA TV AEstE 9 28
35 o] gsle] oo] WE(air bubble) & AAF3IE= olo] HE Y TBAE XxTste, 25T oAUAE o &3 ¥
ol HEF Zlo] Ao v,
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A6l gloi A,
A7) G cld A 2 GAelA,

A7) oo A7) oo MEo] glE A$o] A wiA(scattering medium)ol &Ete] A7) F odUAE= RE W
ko 7o) Uy Atz (Rayleigh scattering)o] HAIdFAL,

71 o] ME A dAlA,

71 GYoll A7) ool HEe] e A A7 B oAyATtE A7) ddlo] MEIZe FEA 9 AW st
Hatsro = H] A& (Mie scattering)o] Ao wel A7) ZAF At JAFEHE= o7l Frly s A4S B4
02 B, 22T AUAE o] &3 F oyx] HIF Zo] Ao WY,

A+ 8

Alegto] oA,

253 EdaFA o8t &30 Ak(intensity) & FT7FHAAA, 37] ool HEL] A d9e A7]E =4
ko] A7) B U 7F A7) ZAF diA(subject)e] HEEE Zolrt o EFHEEE st 2831 R E71 @A

£ o Efets, 253 AUAE o &3 F olyA| T zlo] Ao FA.

ATE 9

A6l oA,

71 ol HE A4 dAelA,

71 3 UAE 259 EdamAY E(hole)s S8l A7) FAomZTE 3 olUAZF 7] AL tidel 17}
A7) 253 EWATAE WA (inner diameter) ¥} €]73 (outer diameter)S 2zt FEel|=2, A7) A4 ddst=
471 E(hole)s THIshs Ae SALRE sk, 253 oUAE o838 3 oux JAF zlo] Al

7% 10

A8l Lo A,

71 A|AZE 71 2AF did (subject)oll HFEH = dolg F4 L dSshe AT o] FA/4% @A

)

N

A7) ARRE o7k Aafs ol HA 2t Aom BUHW, AV 2eue 4wt FAHES Aojs
29 BE T/ AR O ZFshe, 285 JUAS o83 P oluX AR o] Ao} Wy

259 AJAE o183 F oA FAF ol FA/A A FAel olA,
B ddAE 2T FEerA delAs TAAT|E dolA Ak

7] oA Ao} "L7] FAUA7F ZANE = AE Abolol HiX|Ho], 2FuE WA= 25T (US:
Ultrasound) E#W2FA;

27 259 EWLFAE B 7] 259 EWRLFAL V] AE Alele] P dflo] WE(air bubble)o]
o

ARE =S Aojets 253 AoFE ek, 253 oUAE o] &F F oA HF ol FA/A0l A
A
T 12

471 BES A AR oA el A s o), 7] F oluA A=(intensity) S FEFE=F TH D

J
o
o
o)
s
o
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47) AEI A7) D A Aolel WA 54 e & BeYsE
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filter)E © E3dhe=, 253 odUAE ol &3 F oudA JF do] /A Al &A.

A8 13

A7) WEZe 33 tho](fluorescent dye)7} A< (inject)s L

A7] 3 trol= A1 ] dolAE S (absorb) 3 o] Fof A2ube] &3 (fluorescence)S WA emi

ZJ\ Exlo g

—1°0

7] s e A7) Alzspge] WRNe BN RS T

= ks e, 259 dUAE o &
g olux] FAF zlo]l SA/A A AL

rr
o
ol

A1l gloiA,
7] g Aol i,
At

A7) 2eute] A% (intensity)E Z7A17]7] 98 A7) Ady A7) AFE ZEAIEE PAEHE AF Z3
7)1 (RF Amplifier); %

ox
N

7] A% (sinusoidal electric signal)S WA= FA == 34 2HA 7] (Function Generator);

¢

i

FHE 97 (excite)dt7] S8l

EY A AT 3steE AL WEYA(Matching
Network>§ A e S i—%ﬂr NUAE o] &3 F oA HF 2o

h=]
SA/A A" A

A|138e] loA],
A7) HeolA ase 7FAI Z2ad S 2 AV A1 A4 FH(continuous wave) #o] A o] il

A7) elolA ol AR A7) Aol 22 € & EE € oxsjel 4] % UAE 2HRES P4
Eodold A8 BES U Zdse, 280t AUAE o 8F F uA AT 2ol /A0 A

yrgo] Hrg

7] & & of

oo 293 UAE o]&d Aol W 2 Ao B Aoz mrl AAFAE, 28T UAE o] &

§h % o] AE zlo] Alo] W 2 g o] #e Aot

vl F 7] &

G G AzEe giaAed #F UAE 2AE & gPdAolA wAL, B4, ek 3 252 AEEe] = g

Awe] g yRTE 2 B4 9ss Fasts gulolth, wa A #F U S T4 S5AdA
= #S3 213 (photoacoustic signal) S 2&T MAES o] &3 Falstel B3 IS A o}brﬂ A}%o}

2

X

63:
. Oﬂﬁxlf"* ojgs Am &8l FgH A

goll A o] AHE W7 A ShE a9l

gk, olEgk F dUAE o]&e on Jd FA H o5 A5 FXA
U Ag Zels a4 A= Fo 94 #33 onjz 2 X8 o
=, AA-912¥ E5l 99 (deep-lying target region)o. 29| ¥ A& st oA (optical imaging) 2 A

2 oy ol olgd oy AESHZH wlA(biological media)olAe F&S=(optical
absorption) vl 4bgho] -Aelr] wjiel, Fikgke] o] AAl(ballistic regime)ot AF o 2A-fF A= 4
o](transport mean free path length)E ZAZAsl, o] o7} 1-2 mmZ ul§- W7] wjFolct. o]=ist oz &
F5357] §l8te], 7lol= AEH(guide star)ol ZWbel= o] FEA xAY wWPEe] AdHAYT. xS
(Ultrasound) % FF(photoacoustic) Az E0] H[-F8H HITHo=R 7lol= AElE H-H 5422 (non-
invasively) A3/dst=t] ARg-H o g,

SO
0,
o

k)
o
fru
[-40
K}
n&

| A, FAteH(optical scattering)E 3 o
b BEES Fold 2 2B ")
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SHAIRE, o] gt WMHELS Tlolt AERY LS o|&ste ¥ EANS fgk wHEAHQ IbH P (iterative
wavefront shaping)® @, o)== AA WelA(in vivo) AA 2o thale] Fho] s A do] o

A3 Q)

w259 9 FS5F ASE oL Jlol= 2EF WA HA H5S G HEAAe 25T EWRFA
(ultrasound transducer)”} % A3} wbake] F=H&}A wjx ¥ = Ao] upzhAsith, 28y, o]y3F 1AL YAA
Fs} oluld W X7 (endoscopic optical imaging and therapy)®} 22 A $8(clinical applications)?]
T8 Al Zoll7t 2 5 o ARl .

A, xS0 YRS 2H5Y 2 99 PR TR 2o 4FL 40T 5 gdor], TRHA ex

B FE(E, 607 C ol mEsE A%, 280 tE 9 £ 27 Gl BT nRERSE

SIHHIFU: S1olF) F22 Bel9i WAGA o LS SAste] olejdt Wiol AgHh £, sholF ol
2 o

AgHE 2o ouA R U e AzAo] Jge T4 2
AUAE YAEAN 2 FPNE 23 GEGeNA] ool wo] YYHM ofm 2g3} oA
WFE AR olo] wol AlehA @l B3

e
oF,
Lo
X3
oo

CEEE T
Wouge 4Ee BALS A4S 9% dow, ¥ g BHe, 283 duAY JEE 24FozH of
of MBS Al F AUA A% ol Aol FA L Ael, o] BF F AUAEF ol&F I¥ % AR A
S g e ATl T

B oo ® U Bhe 299 duAe Zug 2AoRA do] MEe A4S, ¥ U PF ol
=4/A0 @ FAE AFgel At

B oage BAEe ol gelM AR BHER AWHA gor], AFHA 2 E 0E 25 ok /|4
25 gEal osE & 9s Aol

dat7] f1gk B e mE 253 AUXAE o]&e F AR HF zlo] Ao A=, F
HAE X "]7]{* e J(llght source) g A7) F U ATE RAdskE doel 2eTE

ZAF 73 (illuminated subject)ol HFE = Zlol7t F7}
(US Ultrasound) EWDAFAHE Eghslar, 2S97F 230 A3 &S F4
o] A xddowM dlo] HEo A Fodo AVIE xHsto], o] A& FHst

oliAe AE ole F7HAZ & Atk

A A ool A, 7] dGel A7) o] MEe] gl Aol Atgk wiAl(scattering medium)ol] €ste] 7]
© WFomo #de Areh(Rayleigh scattering)o] HAFTE 3, 7] G %71 oo} o]
471 F oA L A7) ool WERe] FEe o8 AWl sldsle Wawgez W Ae(lie
scattering)o] AR wal 7] AP gidel AFEHE Zorl SRS HAE F A

o
|

(o}

ofo

Q‘L

2

2

2

" =

ol & M oMe &

A A oM, AV 2ed EdNAFHE 2S99 ZE(intensity)E S7HAAA, dlo] BB A FH9
A71E 243t A7) G AU ATE 7] A P (subject) el HFEHE Zol7t v FUHHES FAHE 5 .
Q AA doA, A7) 283 EWRAFAE WA (inner diameter)™ €7 (outer diameter)S ZtE= FEIR, &
(hole)& FH¥I3taL, 7] UAel sdstes 7] &8 &3 7] FPo=2RE F oAUA7L 7] AL tizdel <l
7HE F 9tk dE B, AV 299 EdAFAE AV WY AV A4S 2te Z-dEd = o, o]
S E = A2 oYt}

A AA oA, A7) F o7} A7l ZAF thab(subject)ol] AFEHE Zlo]lE = wE o =sla, A T
e "ot ke FFo] A gE Fow ddEw, AV x2Sy Al FIUMEEE Aoshe AldRE
o xFE 4 Q.

5’:
B g gE Fdel mE, g3k dUAE o] &3 F ouA AT o] Alo] W, Fd(light source)s
B ooldAE A= G oy A @A B Y] G el|yATE 24 i (subject) ol HFE =



[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

ZIHSd 10-2018-0113863

Hol7t FARES, 47 % ouA7} Aaet: deje] 2guE o gete] ool ME(air bubble) A
oo W A4 wAE wad,

t of 7] elol wEe] gl Aol bt viA
(scattering medium)ell 2J&te] 7] 3 o X

T Qv =3, A7) ole] WE A dAlA, A7
71 ool wEIte] FEol o8 AWl sl AgWFew v A
24 thgel AFAE o7k FAAEE AL

A AA eellA, A7l 3 eldA A dACA, 7] 99
3

A AA] oA, 2S5 EdRAFA 3 2S99 Z=(intensity)E S7MAIAA, A7 #
AF did(subject) ol HEEE ZolZl ¥ S7HHEESE gte 2539 AL SV 9AE o 23S

L B e o =

olck,

I o

A HAA] ool A, 7] o] HE A dAA, Bl F AUAE 259 EWAFTAY E(hole)S F3 VI
FYhomHE F o7} Ay A O A7 E I, A7) 289 EWRATAE YA (inner diameter)d 97
(outer diameter)& Zt& FEHIZ, 7] UAd st 47 E(hole)S FHsHE AS Qo= & 4 9t}

% Sol, A7) 2&3h EAXFAE 47 MAT A7) 94e e 9-3uY 5 o, ol #gus ge
ohith

9 AN alelA, A7) F ouATL 7] Z2AF dhasubject)ol AFEE AolE A wE dZehs AR ol
/e WA 2 7] AREE dolvh Pah SFel WA Gt Ao wuHw, 47 2&ue FE F

AHES Aolsls 289 4R 371 wAE § 2T 5 Ak

Fol e, 253 AUAE ol 8T F dluA HF zo

2oy 29 g | S3/Al AE A= F ol
A& A= FLozA #HolAE WAATI= oA &z A7) oA &zt 7] FAUA|7t ZAEE
AZo) dEst= W¥l(phantom) & H7bE4E Alolo] X Eo], 235 WAAI7|= 21 (US: Ultrasound)
ERrTA B A7 259 EWNAFAE S AV 253 ERLTA LG AV AE Alole] oo oo HE
(air bubble)o] BAEHEF Aojel= 257 AFE gt

°
Z
l
2
2
2
ox
N,
X
e}
o
— 1S
ox
Ay
Ach
ox il
K3
Y
i)
9
o
ok
2,
jas)
]
Ny
i)
N 2
ox
N,
=,
o
2
ol
ki
=
—t
(]
=
w
Z.
=
il
i
ot
ol
ol
ol

)

ool A, 47 Y2 PFF o} (fluorescent dye)”’t A (inject)F 3L, 7] dF gole= Al13ge] 7
| 2 F4(absorb)dF o]& e A2utAe] & F(fluorescence)S WAHemit)stil, A7) #3d Ay A
A2gtdo] FPe FHAIIES FAHE AS EHoR & F Q.

A AAl doA, A7) 28 Ao, A A7) A& (sinusoidal electric signal)S TAAI|EE A

=
= %< A7) (Function Generator); 7] 2S39] Z=(intensity)E F7MA717] Y&l A7) Add A7) Al
=
=

IE FEIANIIEE FAEE AT FZV/(RF Amplifier); ¥ FF Fy¢2 A7) EWAAFAE of7](excite)d}
7] Y&l AP~ AFS st A UEY I (Matching Network) S E3H3 4= i},

A AL elol A, 7] oA i TRPAIRE RIS 2t Y] Al A4 Jh(continuous wave) O]
Aolar, 7] #olA Aol AAH 7] #olA £2E W & EE W Q¥Ed Y] F uxE 2dsE

2 TAYE fPolA HAE REL ¢ ¥3E 4 9t}

aE B oawe olstld NS A @855 Al e, Az the tew Yuz 248 5 9
om, X ANAEE W wHe] AN RHES s & o] okt e RoplA Bael 42& A
Zel Al wg o] WFE ehdstAl delFr] fl& Alese Aotk

o] %3
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T 12 E gy #A8ste, 2539 of|UAE o] &3t F oA HF o] Aol FA FAHAEE YEeRdY

L 2% 2 e A HA] o w2 A FAe 2A-FAF WY Ao F AL B 4 ANE EAST
T 32 E oAyl tE AA] oo e dAFd FAE e @A ¥ 7F54A(ex vivo chicken breast)e] ¥ A=
TXo #E AHE EA g

T 4e B dye o2 A 4o wE G ol WAL= ¥ Ao WHItE EAST

= 5E £ W mE 253 AUAE o] 83 F oux] HF Zo] Ao Y EFEE AT

T 62 2 Wyge] mE 251 oYX E ol&d F duyA HFE ol FA/A AlY HAXY FAHAEE
el

w2 YA A FAF
oletol A, FRE EWS olgetel B wHe] thstol
30 7160 W FARD 4] g :

LS

& 2 3
Wl oAk ol AA ARIAnA Bel. Lelf ol & WPe S ANRee] dd BEhel
o] ohm, B wmie] A 2 J&uglel THE RE W4, #5E WA gARS TeE Ao ol
£ 2o AAo AR fojt A SAE AA dEe Awsy] dd AeE dew, R uwe
3

®odge e MAe Mg S Qa old b AAAE b S e, 54 44
g | FAK oz dusaA @k et o B owne =
3ol AbE W 71 Welel EFEE mE W7

|
Aol thafj A Ao rr) e ﬂ‘?‘r

ole} T3}y, F(light)S &L F7H-E3|% o]v A (high spatial-resolution imaging), =
olm] 4 (high contrast-resolution imaging), %< WZEe Hx} ojnx, @ EFl-A&d X

2ol fto|t), wa, F(light)e o]238l% WAl ionizing radiation)®} A#FE AT E FuksIx
Ab $8(clinical applications)olA F& AFE3= Aol Q2 IAHEL nlole Ao F& F
s s 7gel olm A (superficial imaging) @ X& zlo](therapeutic depth)e] 3+Al 91‘:}
A=, JAREY 3 dg® 2537 gAF Bel B Z(pathway)ell ool WE(air bubbles)S A4
UAF Fo] stk g o] Qg tXEA (defocusing)o] AHE F AoIA, F HAFIF SIS EO]
z7] &4 (tissue damage)S ¥ HEZ FEI| WS FEz oo wEo] xSy o3 Aoz wHE

ek

S
= T /\)]\I‘y “T\”i ﬁﬂo}

2
I
o
ol

o
o
o
==

d

> 82
oy
o
oo,

Hdo o T

2 2

o

Jﬂ"
E rr rm 2
_Hﬁmlﬁ
I‘?L'O = o
i)

A £ 9 o=z u AbebAl(Mie scattering medium) &2 523 M=
(cessation)d 749, ZFdol| 93] LA E oo] HELS *}E}X]Eq ThA] el # ’&% EA4o 2 397} o
Folxivk, & e d@Al FE oA B Xz VHEY] dAE FE] g AR FEE NH3= A
gkt

2 g3 #A-bste, 253 oYX E o] &3 F oyXx] HEFE Zo] Ao A FAHAEE Yepdd. S
Aro] wzw | A wiA(scattering media)ollA ZE&9-FE ool BE

7118k 3 AT T7F d¥E & & U

2 dgoxe, 253 AdUAE o]&d IAHoR FrEHE dof WEe] F Hdy FYo| AHHES H A
5

o4 zA94 B AFE BAND 4 Ao Aol AR,
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o} #dste, = 19 (a)& ZS3(US: Ultrasound) E#AFA (transducer) $lo] FHU(light source)o] At
& ufA (scattering medium)ol YAIH = ALS wAsT), olu, E=AIE v} o] F(light)S A (spread)
Hau, 2 WIER AayeE dde A w A (Rayleigh scattering medium)S Eaf Fo] X3t wha} 4o
FZ(intensity)+ FAEC).

A, X 19 (b)), (o)v 25IS) EWALFTAE F8]3 Fdd Fo] Abak A (scattering medium)ol] YA}
= A9E BAET. 3, & 19 (o' & 19 (bl ¥k, 253 US)9] Z=(intensity)7} S7H& 1
etk = 19 (b)), (ool =AE wkel o], &3 Ao =3 99 (focal area)el olo] W& (air
bubbles)& AAdtL, &7 A7t F7Hstel wet WE JRAS(bubble cloud)®] A7 S7kghth. IAF F&
= MAE WA 7] Ab&(Mie scattering) S A HE=E, YA} Fo] gk AW W (forward directio
nollA F2 BAsHA fr). olefg A4 AdrA, F o]l Hawa, F UF Zol(light penetration
depth)7} Z7}8kA €t

o et

d

Sl sl Fo] BE WIFER AdEM, o] wAE F

, = T A
maiowamzaTﬂ,i@chM¥ﬂHowamgm AR v A RN SR Fe v A
AAANA AW PFoR SAA AFE7] G, F AUAE BHOoE 2AFE A5 Hstel, Wi A

4 7 4 JAre] WA =
Z(Rayleigh scattering) B m AF&H(Mie scattering) & dubz o g Jle|uagdtdct. #dy Ab&he At
(e} =]

277 Y hgur 49 e Ag RE s =
2w 2 % dgshe v AW deA, YA B A Pgor Fr AdEn

nEA], BE T8 2AE] Fdsd, ¥ H5F Zol(light penetration depth)&= A2 2k wjA oA R} w
AbE wiAol A v ok, AEEA X2 (Biological tissues)S T 7FA] A 99 AFg A A (scattering regime
s)E sAl ZteE AE BEHo o, Ede Abe 2 on) bk AR AAIRZ uel d2A YEeldd; 3
g}#ko] 800 nmE.TF S A9 #Hdy AtEe AESHH 2259 FAg A4 (reduced optical scattering
coefficient)E FA S7MAZH.

b b m ufA 2= 9 JEgS vtk odE 5o, 2%7F Tl whel, 3 (epidermis), I3h
A lecithin membrane)®] Atz 7 HE dhde], A3

ol
iy
flo
N
B

%2l (subcutaneous tissue), = #HAE
(dermis)®] 7A5-olv 7ol #FH AT

ool M= & EHel wE F HF zlolef ddste] Fof Abdel IS vA= 2o i AW EIUT. o]t
Z

A, ] BE Y A DR D) A G0 FYakol A A3 sl .
1o EAE s gel, ¥ AUA A del Aol FANDE FA0), £EF EAXFAGN0)E
e

FU(100)= F oAU AE TAAT|I=SE FAHY, A = folAE TAATIES FAEE dolA B

T3 EWAFA(200)= 371 %L olUA 7} Hasts FHoll 2235 o8&t o] ME(air bubble)S 4343
=2 FAEG. o]d ugl, 2Ly EAAFA(200)E A7) 3 dyA|7F ZAF A1l luminated subject)ell
FE= Zol7t S7HHES ?*é%l T Ao

g, TAE Bpe} Zo], ] dgell 7] ole] MEe] fle Aol Atek A (scattering medium)ell 2]k
I duyxE e weko ol yde At (Rayleigh scattering)o] 2AsHAl Hvb. whdHo] | Aby
ool WEe] A= A5 A7l F oAUATE 47 ollo] MBI FEol o) Aol st A E
m Abk(Mie scattering)o] WAE TR, ofol utel, 7] AP tiel FAFEE o7t SUHHES 74E F 3
o}

o

TR, 29T SAAFA(000E 287 BE(intensity)E FAAN, A7 F AUAs} A7 2AF A
(subject)el AFAE 2o} ¥ FARES T4R otk
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2zke) 2 ARelAY Hit F Bwst Al AT A%H Aol S4HE BE du] FAEE W)

stE, FA Tmme] 2A B 7lE5A(ex vivo chicken breast)olAl FYU3E o] IEEHS

E Fx3HH, dolARt deEe Aol Hi Atk A= 0.560|03, T HEEE

200, 268, % 310 W/em & 07}?‘& Aol et Qs AEE 13.2, 19.5, 2 23.7%% F/4Skdch. mEEH

e Y HAAE S8 259 ARt STl we, gEAEE Yol =

o A% ¥ FgEnt. & Sy 22, eidE FE A d
o

,
FEE P 2
3

ShH, X 45 2 U B g2 AA] od mE g3 tolda] WALEE FF Lo wslE ZAgY. X 49
w2y, ol Aet 310 Wem o FEZ e 2297} Tmel FACNA F ol ¥ o AfSA R
st AEEE Ao, JAF o)At FF tho] Alolo] Az AL HEteE W A FUrES o S
AT},

T 4o AN wRep o], Tmme] Zol® EA| B JbsA UlE2 F=9E 3% vol(fluorescent dye)ol A WAFH
ggo]l HEHE AT, o9 ol =Tt FS A AFste o)d2 o EHsd Aotk fAF dol Aol <
sto] FHow fFREE Y A 0.719 I3 At AEE Yehdia, dhdel o] g g2 310 W/em-29
FEE zhe 22597 84 Ags s Ao S7rEY A £F 1 2 2004 S7HES 211999, 253 AE
o] FEAldl, o]¥s G ArE 0.722 FIEHHJL, ole 7] #4F FAIAY (& 49 AIZF &% 3 Fx).

Z5ukel dolArt thAl deEEe A9, 8% ATt 27 ol A &% 4 2 5ellA ZHzE (24% 2 20% 57T
o Fa) 0.88 2 0.852 FT7Fekth ol#d BELS A £33 1 H 20 U3 gEF FAE . o 4
Iz AFE 25T7F 22 &4 Be 22 BEAY AT7A Y W glo] #HolA AR e 2F ] F 4bke
EAS dAHoR m Agto g WAAZS ou|sitt, 8A] gowl, ¥ FEo] AiH(regression) B A-7s)

(re-augmentation) 7} 3o s Aoj=d 4= git}.
ool M= 25T AYAE o] &3 F AuUR HEFE o] Ao FA
o

AUAR ol&T F oA A% ol Aol Moted AswaA B o9 pAsel, £ 5t B el
e 283 oUAE o848 ¥ U AT o] Ao WHe BEEE EAGT. B, A%® ¥ oA A
% g0 o] Ao 18 WEel F AU AT Qo] Ao] WAL B8 + AL Lol

% 5ol mAE vhsh o], F oA AE zlo] Ao WEe F oluX WA WA(S510), ool BT 4K A

(

o

(8520), HF Zol é?ﬁ/cﬂ]% E‘rﬁl(SBBO) L %741(5540)E’ o x3en. @, ded dAE
S Ugd Aol dAEE Flo] o, 9—%011 e} A5 A 1-3}; Ao| 7bsaitt. o& B9,
ooy A] A BA(S510) 9 ool W& A whA(S520) = E Al EBEMUr = ollo] MES AAE o]Fd
F oUAE BAATE A% 7HsEi.

r&
ﬁod
)
i M
>

F oA A GA(S510)=, FU(light source)S ©]-&3te] F AUAE FAAZL, sHH | o] HE AA
SHAI(S520) = 7371 F oAU AZE A i (subject)oll HEEH= o7t F7HEES, 7] F oAUA7T A&dst=
Fddo 215 o83l ool WE(air bubble)S A g,

ojuf, F oA LA GA(S510)o1A, F7] Gl A7l ool WEe] fle Aol At wiA(scattering
medium)oll 28t 7] F oux= BE wWdozol #de] 4AbeH(Rayleigh scattering)o] AISTE, WhAo|,
olo] WE A TAI(S520) 04, 7] GGl 7] olo] WEo] e A A7 F AU It A7) oo wE
o] FEol o3 AWl sigst= gz v 4kdk(Mie scattering)o] AR wet 7] AR didd
T Zolrt S Y. w3, dlo] WE A WA(S520)91 4, 7] F duAE 253 EdaFAY &
(hole)& 3l 7] FAL2HE #F AdUAZ}F 7] 2AF gidel vk, oW, 7] 255 ERLFAE

=]

d
a?

=

7 (inner diameter)® €7 (outer diameter)S zt+= FE|2, A7] WA alEst= 47 Z(hole)E FH|EE=
AL 5oz & F . oF B9, V] 259 EWdAFAE AV WAY A7 9A4S 2 F-dud &
Ao}, ofdf dHE= AL oYt}

shH, HEF Zlo] ZA4/dd BA(SE30)E 7] F AuXZF 7] AR did(subject)oll AFHE ZolE A
e A, oldl, 7] HAFEFHE o7t dete 5o HIA ¥E Ao ddHd, AV 2gue Arvt
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\

FHEE Aojshs 283 FE 27 BAGHOE FBE 5 Ak, oW, 283 YEE FHIE e =

4 e QoA g sl FaE & g

[e] = =<3 i=
A, AT Aol FA/d dAS300E FHsHA @i, R 29 Ak SV 9A(SH0)E FREE AR
7bestek. olu, 23 A% T7F BA(SH0)E o3} E%ércr"ioﬂ o3t 2299 ZE(intensity) S E7HA
AX, A7 F AdR 7 A7) ZAF A (subject) ol JAFEEHE Zlo|rt ¥ F7lEEE vt
s, A7) AFEEE Zolrl dite F£Fo] HE AoR dAEW, A i IE Zo] A oR Iy
(S550) 5 =38 &= v}, =, A =5 A5 Zo] (low level penetration depth) A ofF et &4 (S550)
oAlAl, 7] AFHE olE ¢ W X2 24T LoVt e A5, 223 FEE AaA7IEA 2251 A
AME S 4 9l o Haste 259 AEE T7AZ 280 AR ulgste] dAERE Aadte 25
3 AE 3 S Jdu. B, ZAsE 299 AEE 24" 2o e 0 3 gFd gese gad 2
% 2

g Aol 289 %

rlr
;o
rJlo
<l
2
<
X
it
o
°¥°
ok
ofd
=2
[N
o =
>
Y g
i
N
o
2
2
o
o
2
o 2
o
> o
9

#AHste], & 62 B Ao W2 223 AURAE o] &3 F YA HEFE o] SA/A AE FH T+
S YepdY. & 60 Z=AlE wRep o], HEFE zlo] SA4/A0] AlE (1000 = dolAH A&2=(100'), =&
WAAFA4(200'), CCD ZHAI=H(300'), 33k ¥ (optic filter, 400') % ZS3 Ao]{(500')E F3s3ic},

ol 4222(100)%F & AUAE BT FdozZA HolAE WY, 253 EWRFTA(200)=
7] #lel A A222(100") 9 7] BRI 7 A= A&l dldste A (phantom) v B 7HE4AF Aol
Hol, 235 A, gE, A7) #olA A2(100)E JHAIE ZEAUS ZHe Y] Alldge
(continuous wave) #olAY F Ak, gHH, 7] CF dolAd gdH = Aol oz, H2 FEo F
(PW: Pulse Wave)d <= dut}. w3k, do]A 42(100")E A7) #olA Aol AZA(100') 5] A7) #olA
5 B 2 e B ¥ A7 F duAE FAEE FAEHE oA AY RE(10)E 9 ¥F
AT},

CCD ZHHlER(300") & 7] MET dA AR oA H ]
Aetes FAET. F FEU00)E AV MES YT
dH P Es €.

012

jus)
==

2

EN

B~
A oE

foi3

Subo| v EW, A7) 2S39 ZE(intensity)E
1 CCD ZFIEH(300") Abolell ®ix|=lo] 53 w}e] 3

i
o [y

Z59 A F(500)E 7] 2ed EWNLFTA(200)E F3l 7] 2e3 ERARFTA(200)9F 7] AE Al
o] gell elo] M (air bubble)o] AAH =S Alof gt

S, HE ol FA/Aol Ald AX(1000")olA el G tholrt AdEE AgdlE o 2 3ol
3= = Ao, &, 47 W"eE d% tol(fluorescent dye)”t 4 (inject)Ear, A7) 33 vholi= A3}
Fe] 7] dolAE & (absorb) gk o] Fol AM25742] F(fluorescence)S WA emit) ). oW, 7] 33}
JE (400" )= 7] A2upde] Fants SRS A S 5How & 5 Q.

w3, A &9 Ao]H(500' )= 4= A7) (Function Generator, 510), A& Z=3%7](RF Amplifier, 520)
2 AHg YEY A (Matching Network, 530)E ¥3stat <= v}, s LA7|(B10)+= A "7 =z
(sinusoidal electric signal)& TAAII=E FAHEAT., AT FE£7](520)= 37] 232 ZF=(intensity)
E F7H7171 S8 7] AET 7] AEE SEAIES AR e, B UEYABG30)E 7] ERHA
TA(200)E EaFF o2 HFA77] fE dads Fs A

)

o_.>i

ool A AT npe} o], F ojmA 9 X g9 o 3
o=m, 57 2H 499 A ¢ Arld gig Ade vk, aRE=E, A
(photodynamic therapy)E& 93 H-2 ¥ W 2 F3} o]n

(tightly focused light beam)¥} &7 AF&= 4= Qt}.

=
xe
2
B
oo
&
i
f
N
)
e
i
olN
)
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