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.3[311‘;,,] B
1B
|3

1. Measure the depth of field and sef he halographic diffuser at the imaging phme.

2. Set ihe transducer on the pesition thatis /{em] from the imaging plane. b
3, Acquirg and iverage 56 itnoges with and wihont wiiraseund ) R 49
white suoving the hodograyphic Jiffuser shghy oy and down, R Tt ; G ETTTTRT
and e i xxrlages are classilied as I, and Lg respuctively, "t Bl ”‘"3 ’“‘“ Sl e
-7y 5 e} }Pcm“imm.ipmwrc agreed wedl i the vicinity of fugad pnml
4, Caleutate cach & % and seconstraet fie whtrascund ficld wing 2 T rlgosithee, BT ok very el Far the side Jobes.
5. Chauge the ﬂpncaj propagation Tength and repeai the procedure 2 — 4. F:28 fein] §1€qualnwh:dpresssw agrecd well for the dde Jabes,

Tl renensstmetion svasns to bave Rifed in He viciniy of focal point.

Hw nnmbu o u{unnmxmhl it with untlmu] prﬂp'lﬂn{i o ]mt‘i!m.
1d

-
M6 v K075 7 EONER A
& 7 BIE UL Uiz Holographic Diffuser D5 E
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Z 77, ® 6 /4T & 57 Holographic Diffuser % A 7 U — & L THWTHAZBEL
&9, TR %455, Holographic Diffuser OAEMIMERE & LT, HIREEDILS 2
X 254940, Holographic Diffuser % 1731 @J/%L'Cq:ﬂ‘]% EAMEELETS, Bk
Holographic Diffuser & OFRRfIE. Haf7e SN ke %4’5;6 e, M7IET Lo, BERE
TR, BEECHEGRET S,

2) fifi= bT A ME

Pz PO A MEOBEILIE. B2 val L VU ARBTUETHD, BN
M4 E BT A DI, F23 2 ) — Ly b XOEL/NSWVRERS ) | F
NAEER CERT DD, F T o A—BREDOLOFRS, FE L LC 5 1R,
Woal) =L ADESEELRERERS, B2 2 ) - L XDERICIE
EHF R BT T 2 2Ry FORE Sk, HROMOEE LTOMEE, B 1% 2
V:Umvyvyf®mﬁﬁlof&iéwﬁ\V?FW???%&%@LT\Eﬁé
EEBNE LD, AR LITRETAHAR Y PORE S, b EHAE L TR
ETHVNENRD D, MHAR Yy FOMHOFEHIL, AV T ALY kM BRicT » 7

FICE DB ARy FORS THET S, LMo T, A ARy b2 5 Kok
FED L 0 ED O T, IRPELE WS, 1 HEED THL ANRAELEE
2EEES,

<Transducer=
Ex enment + Spherical PZT + Aperture and focat length: 75 [mmj
p . « Center frequency: 1.14 [MBz]
<Qptical>
G - Optical wavelength: 532 [nm]

Function
generator

- PRF{Lazer): 1 [kHz}

Transducer + Shutter speed: 1[ms]
+ Phase shift aperfure: 200 [um]
+ Focal length of Schliersn lens: 1.3 [m]
1 a D
g camera
/I_)Z Convexlens / Phass plate Resulls
Pulsed fas

<CT Reconstruction> i
1. 15 images with and without ultrasonic are averaged respectively
2. Caloulate ¢ =lt,-74 )20

3. Calculate projected ultrasound pressure using following equation

poteg et | S0
\

Schlieren lens Reconslmcied ullras'::mc fieid (0.83 MHZ)
4 Rotate transducer 2° .

5. Reiterate from 1 to 4 untif total rofation reaches 180°

6. Reconstruct ultrasound pressure fleld using €7 reconstruction algorithm
9 j

2 8 fifH= > b T A MEORIFER @

5. AR ORI OB A
Ty B 797 bAAZY F T A MEL . BEIEOEREFHIT HICERRIO TR
B ER D,



D ¥y }\'7 "5 T

ALMZERRDS IR IR SRR SR 5 T DIl 72 Y DARTEEREE 1 ok, B EFEL, BE
JECIIELRREE 2D, Z DT, F%“HIF B EEFESSPRET2EE S, WV SN
HCHIET BT, (R SRR Y B2 CIETAMERD D,
2) A= TR ME

B0y Lo w|mEE R Tk, BREIEDBE ERK) off b gL, fir
CRDNEBIES L, (AR T o UM RRH &L D, LeRoT, CT 7)Y
A BB AT T AN, 2T 7 TRIET A NENR D, Z0ih
WIEL AR T T LIS, HABREOREO SINHETEHELATWARERD
ol

KOIBHTFEOESEAHER RN T 5 O ¢ AT MoetllEN TR 5 R TH Y |
A BT 3 OB ERNEIC X AIEEREMICIEGNESE LRy, O HlE o
DITEE, HIZ DT, RO E CHED AL T2 R ERENS, Zhic
@\%ﬁ#%®%%mMVyxcioft/$—w T—HAERT B EORE R L.
BN ORI ST A RER S B,

, Results
US Propagation =2
Amp, Ot 1.3V Amp. Out : 89,9V
US Pressura : 0.1[MPa pp] U3 Presaura @ 6.3[Mpa pp

Phase Shift
=3 [k

5 . 0 [
Axdal Diertion [mm) Aol Direcidon fmm)
< o0pz I g Z., I f-
2 ‘-*-/\,'\ (A 2 Jl f g\ 1A
R EHTTIHY
] ch i 1
FRen h j I i \j Wil |} U
2 -pog § i
& m i\’ T 04 ¥
o1z ! 06
-10 -5 & 5 w0 -0 -5 o 5 19
Lalerat Divection ] Lataral {eclicn [mm]

10 mEECEITAMET v

1. R. Omura, Y. Shimazaki, 8. Yoshizawa, and S, Umemura, "Quantitative Measurement of
Focused Ultrasound Pressure Field Using Subtraction Shadowgraph," Japanese Journal of
Applied Physics, vol. 50, pp. 07HCO7 1-3, 2011.

2. Y. Shimazaki, S. Harigane, S. Yoshizawa, and S. Umemura, "Three-Dimensional
Quantitative Optical Measurement of Asymmetrically Focused Ultrasound Pressure Field,"
Japanese Journal of Applied Physics, vol. 51, pp. 07GF25 1-4, 2012.

7



S. Harigane, R. Miyasaka, S. Yoshizawa, and S. Ulﬁemura , " Optical Phase Contrast
Mapping of Highly Focused Ultrasonic Fields,"Japanese Journal of Applied Physics, vol.
52, pp. O7THFO7 1-5, 2013, '

R. Miyasaka, J. Yasuda, M. Syahid, S. Yoshizawa, and S. Umemura ,"Quantitative
measurement of focused ultrasound pressure field by background-subtracted shadowgraph
using holographic diffuser as screen," Japanese Journal of Applied Physics, vol. 53, 07KF24,
Jul. 2014.

M. Syahid, 8. Oyama, L Yasud'a, S. Yoshizawa and S. Umemura, “Quantitative
measurement of high intensity focused ultrasound pressure field by optical phase contrast
method applying non-continuous phase unwrapping algorithm,” Japanese Journal of
Applied Physics, vol. 54, 07THC09, Jul. 2015.

HERT W — R, CIEER. RN FRC LA EMBTNTIEOEL BERES
Vol. 43, No. 2, pp. 255-263, 2016.



124748 CT 1T X 5 2 RIEHEBFH & FREHREIEHA & 255 e BER 3K

TLE B ORHE
1. EBk

WENM 22 FHRIFFEHEPA PN B WD THRICHVW B ILOEHBO 3 Yotz s L 35,
2. B

TR R T HERR 3R TH 2005 BERBREISOERIZ L 215E05% L Rk
- BEWET DR LERERBEERESL. Ak, 3%ET7T —F MRt iha &
HdH, ETAN A P73 o EET T AHROBESERHFETINETTD &
DéL1EF 10 AREDRWHZET 5, 220, £k, KRPBHRICHETENT
<é%%ﬁﬂ@ﬁ;ﬁ%%&ﬁﬁ?ﬂmm%ﬁzﬁwb3ﬁm®11@2&%@%@?
Hoiz,

o OFHRIEDR B EIRD /N7 A —F FHEE L, £ e BT EER R SO Mot &

TR 3RAERLHEL, 2hE IS I 3 RTRESHEL CH—< AV F—R
hokob RS E I BRREDIRAE A B 2 2 L AR TER S TV, Thbh,
TR OFHRERL, WESKITTHEED, FThErdtBic V@5 Tkick-T, &
550 FRNC A X NTE T, |

2O X ) REREIT S, B EHERER R LA b R R, sl
VRIS TEE AR W @ 2 W OF 5 R A B BRI RIC L 0 3 RaTs
FEFEIC L YR B OT, RN E L HEC TA DN TR, BEND A, L
L. #iEEtE R E 23 EREHEFAOTEEE MR O 2 R TEE . N Fe 7 s
VEMEA T BRI L VERT A L. 1 &F 1 AREOE VA ET S, o
N KA CT W LA Sz 2 &, SHFINERE 1 ML 8T 20T,
FOBFES BRI,

3L E BB 100, FORE e A F RS SIS REANE O 2 K
TEHIR L, R TR L E D THET A 0ER D, MEROME L ERICE
A 20k, BEROGEETAHEOTEY —EICEOBER DY | T OITIED
W —EIC R R A, 1 BRREE LV ) BT b2 Y | Sl ) 5
RIAHFESE LN AR C & A HB I O E R RIS OB N NETH 50T, 5H
S 2 14705 T & 2 0AHE CT 10 & AERAF R0 B EE1E . Birp 2 M JE IR 4 1
ok,

YRR CT W2 LB HHD S B DL b5 & MEIC LY BERHS 3580 MBIL,
Bk Uiz & 900, BEETERKRX <5 & EAMTRICBW TR T v 7 LT LE
W, CRETERE TV Ty ST ARERETS MCH D, SRR L aasb
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Lateral Direction]mm}

HHE, EALD b Lo, FEFEQEWISOFESEEFRTEL VWO, 6
FI8 7w LT LE D EEEMINNEL ZOEKTL, Adbid FikoBRIKE
W,

3. P

TR ICIFIEEE RO 2 R EBE R, 3 e H BB RT 2 0tk
i, FROMBENEERREEREZTOCT, FBE0 777 4 BIHIND, WIZHE
B ChivE, EEFH L 2 REFESEFTREZ2 LT, BT ORETFETHS
Rayleigh-Sommerfeld f84 #4T 2 W X1,

B OISR ERTE RV & E R, BERR D ERITHE iR a6 D
VBN D, L0 W& & LT Finite Difference Time Domain ¥4, Pseudo Spectral
L ERHY ., FOERBERMATCRLLEHEE LT, 10—V bR
Westervelt 770, Burgers’ iR, KZK FAEFh £ Tz ERH D,

BB DEN ZHEIE T Taylor BRI LI & &0 1 ROBEE A2 ROFHE B LB &
X O B/AEEOHRE T A—F LIRS, DEOHEL, Wb, B
RIEF AT DI 0 ZEBBICANE OO THS, T hid, BEEET DA
SFOE 2 VY TARME CEBRLED LITHNT D, TRb L #BETICH L
T, 1B IR ED T2 LIn YT 5,

4. TERUWR
2 o E SRR

TEEHAITTRIT 1-1 OXAE CTIZ X AFHAIFIEICE L 7o, 2L, BEBOAE LS

WARL—FDE A I 72 L30T Lk, BER 1 8D EH LI

~46, 3mm

Tac rad

7

60 20 20 0 | 200 400 600 800

Axial Direction [mum] | Time [ns]
Rl L 5 | (bt A 0D 1 T (1B )
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B 1 (AR b7 A PRI L0 S = B E R R X SRS

Bl LT, EREREE - EREL bIC T2mm, AEE 114 MHz © PZT BEREEE T v
AF 2= LA EHEF LR REER LIOR L, ®I@OSRE T ol AT, %
AR RIT B e, o
e B DI .

JEAIR CT I L 2 HEFHAGL, [RERIZIHERRIEC, BOEZ Mg L LIV Th
B SENE, BT RIEE TR LI BOIE 2 A S B E A BIE L, %0
FRER 2T,

1)
&

-
i

[
[

Lateral Direction{mun]
<

2
o]

Albsolute Pressure[MPal

=
hn

200 400 600 800

Time [ns]
B2 fifH= o b7 A MR L ORRAI S B LR 1 BB S lEE (1B
43)

AR A Et 51 0 Ik

Pseudo Spectral E% AV, IEREER LS RICANTEERTR L, 2L, fHER
HlEERE LT A RE L, £OBRAM 3 TRT,
'Propagation after 45us.’

— D i
=S B

NS

Lateral Direction[mm]
o
Absolute Pressure[MPa]

-40 -20 0 20
Axial Direction [mm)]



M3 kR b T A R X D EHEI{E A BRI Pseudo Spectral I L 0 HUIEE UicdE
HIBEEEEEOEES

18 b 3 RO HORRE

IR HESRIC L 0 E LR 3 R EESTO Y b, ERHEOPOH L5 E
b HfrFmEFE % . Fiber Optic /A F12 7 4 2 B FVCENR L& E & i L 7o 52

B 25 fER TE T,

Absolute Pressurc] MPa]

2 T

-10 -3 0 3 16 5
Axial Direction [nin] Lateral Duccuon frm]
(@ Ll O YA 1A O T

4 (AR b TR MEE L B EHANE A 2T Pseudo Spectral ¥R L D EEEIRE LICKS
Felond Fu74 0 L0 EEH LR RO kR
ERBEWOERMNLITOWTHE Uiz, #5822 b5 A MK+ Psendo
Spectral #, FRAEER © Fiber Optic /N1 K127 3

5. AIEOME AR

4l & SERHE & A G T AT O &R OMIRRERT RRE A CIIER R AL
RO H I KE LKFL TV D, BEFHIShE 2 WEEBITHTATER W
B, FERAEEF R E LT 3 M BEamE2HE 51, A—S—arta— a5,
BRI A EMNLBENC B D DI ETH S, —F, BEERNI S 2 ot E S
WENR R RE T X ABE . IR EEOREHE TH-Th, FEM 2 P a—F
12 BREN AN OB CHE TR A, ., BN X7 2 SOuE RIS RME
ERELAWBETH, BERBOREHE ThIUL, FRE Y — Il LV HE
B BN O R TRHE TE 2,

Lo T, 2 ¥ a—ZOMERIIAEA S CHDOT, VTR, BB SHh
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BCHAHD LA, BRHTCH, WRES V¥ g0 & )R AR B,

REMZBERMETCH D, Thbb, EREER. SFREREEM LSRR

BAEFHRIZ L v OFMEL . SFiErnboilbo&xic X YA Fr 00Tk, il

R ARE LAV REOBEHRC L VM T 22 Y OHEREL NS,

BEIRE - .

1. S Oyama, I Yasuda, L. Hanayama, ‘S. Yoshizawa, and S. Umemura, " Quantitative
Measurement of Ultrasoumd Pressure Field by Optical Phase Contrast Method and Acoustic

Holography," Japanese Journal of Applied Physics, vol. 55, 07KB09, 2016,
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HEBE 2 ¥—<i F—RHE

1. EBE

A AR RS OO LM R T HLRLETF ORI Y/ N S WO T, —EDIRRMAE
TR — & o W TERITER D £ 5 & 100CIKEET L LW RO T
TRUE B B Ak DWLES T & FOBBEEHEY T2 b —ra il THEET 5 =
FWRTE, 5. ThAERICIBRANEESRO— L AR EEET S 2
BTED,
2. B _

AEE R AR R O AR A WasE B OV 0 830 IR BE AR A ELEER R T B 2 & FE MR
Lo TRLNEFBECHETH DL, BERA AV CHRETHD, LinLeh

. VAN RS OB T 100°CIe B LTI T 29, B A —J v i
Lo TEBECHRETES, £k, AREICRINTE 2O T, MR EICHEEBO
BESOLL BRI R 2 s, g A LT AR REH I E bW, £
I, —EOIRERBEEBR S — 7 2B W THEATHES D 2 9 F 100°CIBET
2 L5 MR FIGT DR A E A RO RE S L DB L —< L F—R %,
A (R BB 5 TR (bio-heat transfer equation) 4B N TH L LHRDTEE, 1
BRABTEOESTECE Y XV BBEL A5 L) BERIRE 2 L e HhilBEN
BHEITY, 29975281k, TOFME LY — F— 2 OBERIERE, Ak
HEE OB T RN OIS SE FEOREZNZ TITH Z LB TE D,

3. W 162

MRS HSFEIT I D S, %< O(RERIS e

X AT, mi#&&a%h%m# w10 =
M@mﬁlﬁwf%\ﬁm# = B

*ﬁ\@<ﬁw%@®#$@ﬁﬁﬁmw @ &

%, A 107 5

Invitro O FEEHER T IR, st s —iE §1ﬁ i

PICHIGE LT, ZOWEOTHERE | =7

ZHLTT ey FTAHLE M1OXHIC, ~ 7

WhpBT Y L=y ATy FTHET 1047

B 38 40 42 M 4 48 B0
X B{EME D, 7T 7OMEHN, ME . °c

B OE
BB I W A AL T R R — DR R S B L Sl A
X 1 ;" TR AR
Hh LT QALY S 73 4XCHE TR L * !
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TWH O, 43°CRLEE BUT Tl laEel s LB eiE e g — R B A - & &
FLTWA,

B 1, 43°CRLETiE, BEN 1°C ER 2 Z LISl OEEE R 2 fFi272 0 | 43°C
PURCEERIED 1CFAR B 2 L ICHBIEOM LR 14 (B 5 2 L 2R LT WD,
ZOBREHVRE, Ml E B SR LR, R UESEEL L 6T 4301
WLz RFE] e B S 2 RN TE D, b,

- _ (21745°C (T = 43°C
Lz = fat f(T(t))dt\ = {4_1"—4-3“(3 ((T < 4,30(;))

Z D t34d. thermal equivalent dose X} iﬂi TH—=) - F—2Z (thermal dose) (UK 1)
LFEEIL, /A 78—3—- 32 7 (hyperthermia) o {83 EhOEEROERLEE L LTH
WHERTE T, H<OERBRELEE, BORBMRSDEIMMESNSBLLE LT, tu=
4 h(FFH) 25, A HV BTN S, ‘

—J7. BEERTEAE LB, BMAE L MRl o Tk Eh b, FOMEF LT
D EFHETORE T 1L, ROAFBERIE TR (bio-heat transfer equation) (3
R 2) W TIEBRICARYT - TR 2 Z L8 TE& 5,

(1)

ar _  a*r , a'T
cZ= K(@-l-ayz +azz)+Q wpCyT @)

ST, TR e HIRER AR A BEE 2 LR, O 1B AR L T Y D3
PR, C AU ITAKEROEELALE OBEERETHY | Cp LT wa RO SFE L
B OMERETH D, ~ORTERSIL TV, M k5 mEmese . Sk
BRGAT HRE - EORR L ORZHICEXME TLEY L WHIMRD KIER D
THh D0, AFERTORESME . BISROERRSCRNERE M2 ECHhnik
ECTRT 57 LR TEROT, BUSEOST TRHIE AV LhTWS,
FERE O FEEHASUIFAE» SHEE S BERER N LHEETENE, 0%
FoAT A R R A AR < T 21T 0 IRESTE T O RIBREOHEEE ok
DB LERTE, RIZ, T ORBEEEREC Y~ F—A0hAR0 52 LNTE
By
4. Gk (55 1 BERE) - HTEniEdE
(1) 3 RITHEBREHOTHISIHE

BFCHWD 3 RTEE R S5 E, BTN 20, 1 RITUE 2 Hor OB
MBHEE Lir b9 Vv AF o —H 85 A — g R RIC MR I L b HEET 5, T DTk,
BEROH & LT, BIEBANIRBER N7 VAT 2 —o—fIlnon TR,

9 20z, AKHZBIiTHEAE LD X B RN Y S EDTEITOWT, A Kr o
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o K DEHH L2 RE . SR R R L R L, MR EEEA 4 MHz D R T
AT a—HFOERE, B3 0I5 ICHEENTZ, T VAT a—TORAFERIL. Fhi
ES S HEHBRBREP R RIOE S 57 LE, M2 oBR LY EESHE b
5 ARF YL, BED T AT 2 —OSHEERIT ST ST E D,
FIT, IO NTRAT A YERE RV EEREIC LY HEO I KRTOBEN S
BRHEETE D, FOL O UTEIEFE I X W fEE LA RTo 3 SorFao iy
4V, SRR OBEASGE, RS ERRIC. TR DL LUELT

: Protile X Nosmousizesd) Prufile’y §Hommiire)
1 T 7 1 ! !
Dy (L]
DR} (151 S8
;D_‘.l ........... _a D_? ko
= 2
'_‘-ﬂ.ﬂ 'E_nJ] ...........
£l £
= D5 < w0
o4t , 1 Ena :
o ¢ . o 5 i
o MG T
4 Fj i ) /'\\ o] |11 | S %
fﬁ‘ ﬁu 1‘1 P !\f AV S Mralive 8
2 25 2 45 4 D5 D D5 1 15 F 35 2 2 25 2
X T

2 AKPlieBirAE AR EOXTROY i EoSE BERENE 4 MHz)
o g Fo 7z s K AEHRNE, B HERIBME

WwgTe
u1ld

P20mm

X3 ZHOERIEE BEEBEE oI L v HEF L EFRREEE T AT 2
Fo~THETEE

HT TS HER O ZEEE VBT, BRI IERED TR E L, HEE
FE AR WHIER T, BEREROF FrA—s 0T, fi<BRETHZ LN TED,
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F 7oA =0 1 BEOESITOWTHZ R, FAAm 1 EEERE, B Fmiig
FREETHCRETRETH S,

Ly

[¥3}

3
=
n 'S
il
Bl
(Y#4)
-
3 4‘5yt3.1 23
BERDESR (Xi)
30 )
0 T SO i 2 3
n]m._
X 4 KT B EHAME & o bl % TSRS IS L O HER LB RTh o) 3 Yoe

i}!’;—lj

(2) 3 WRITIEBE A HEIEDHEF

— 5 IRESMAFTEREOLME BT, RQOHENES O T, @0 HET
L EILDBEN S, 220, FREHEICL VGO AT AT -5 &
. B ERIZRRIC LD 2 0 08EM<RE L TRHERIT Y OREGEch 5,
ORI, —EOBEMERBE L — 2 R TN, R SR o SV A AR R IR R
ERWTEEEAY —SHNLREE 0 OSHOMNMERZ KD, BicdsEi (o
COTERENI AR oo BRI A (RFELEEL, BMAEER | INEOMEREE VT, 3 RnE
BESA T ORMBEREZ RS D, CORBROMER 57T, BEEEL3s ON D, &
W& 3mmBEN LA 5 6sOFF 775 & W3S R — 7 20 BI BRESA 2, Bl
THEREBLEEIC O TR L, BRI 0s 735 3s FTON, 3s 25 9%
TOFF, 9s 55 128 ETHUON £V ) ¥—F 2 Thd, BHFERIEEIL, B 450
BiFaEREBERL L 9 L 100CIKET L L LI,

17



AlLAH mm
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(3) 3 WILH— )b B R AR OHEFE

A SRR O ENERR A HEE T A1, B 6 1ToR Lin X 9 AR S U IR AR ISV TR
S ThA, FIT, TORK— U RZBIT B Y )b B RO 3 RITAT B
S LT, FORBREY, KNS RO LRCEEICNT, K7 Rd, Bl Licow
W o T BV BRI 2 TR STV D Z ERehD, T b—EoEsRicLy, &
SO -7 BEMR 100°CIE L OV, ZORR Y —7 2 A o TR LIco70
o MR 2 R S h D = L A HEE S R B,
5. FiE (2B h 7 — v

TR HEA 5 A EBRERIT ST 3 Hh &0 ore, ARk osia
. lpm BEONERB O TH-Th, HMENEE LT 2, BELLT, #FORB
F R AP A0 - T, SO TREEICBBERMEHRETH LB TEL,
e R ORER B - FERIC Lo T, EREISERNEITBNTE D X E
2BAXnA LY TBEREDOMSHEA RS L2036 BERBHR L — 7 A2 FETT 5,
THICL Y FEERY O R0 % b o ERBT RIGREERTE L EF X
L,

6. AHEOFE AR
A= (AR D LB BB ST R T ORREE A LRI/ X LT & IEF AL &
PSR O MBS R L oM Cik, EREER oML b 2RI {250
HERBY . T, AFEOHEHEZ KE AT I®28NhBH 5, L, Bt
B AEITFREETHED 2 ERENO T, EEEEE L ST OBRSR/NENnEE
ZhNBELOD, BETHLERDD
TN R H 1 MHz BB TR 2B & BRBRAIC KX 2228 sl & 0w VB
DD END, Zid, RS ARy bBAREL, Fh, REORE A%
WMEARERIEESREL 20 TEEX Yy U — v a VRRESTIR
_5tbf&é&%ﬁéh%uk%ﬁﬁ%mt%ék\%%#6&%@%@&%&@%E
W TER RLOT, BE— N VBERBIL L5 7 4 - F3w 7 IRET S0
ENRENEENREE S 22 5, L, RREIBMETSTARTGE Tit, 3MHz UL EOBEEER
HARNBENADT, IMHZEENHVLRDEE LS, T 0X 5 kX 28RN
AT AR/ E Y, 208, IO BRI OWTIL, @E'JiCE%rﬁH@i;%Eﬁénéﬁﬁﬁ?
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MEBE 3. HITU OfEslic BV TgE T 77 v b ADEZLE

1. L&z

A A=THA FFRIERBEWRREET A FTA VETHE A 2—DH 4 FF#
SR TR W G FRE T DU T DZE A L A % TR S CEE FTHE 22 B AR AL
Eowfﬁmﬁvxmaﬂ%ﬁﬁt@@%ﬁ?ﬂ%$ﬁ&0%®ﬂMﬁ&%%%LT
W5, AR OTIE, AR TR B U AR R T h D T 7
VR AW T, B BT RSN RE LT, Ty v ARBoORESE - BGHES -
TR AR R - S SO L Bk R BB X FART, TR L DRI D
HETT 7 b ARBRE RIS A PR OFE X F BT ML - FEERLETH
DOBEEE LD E BHET S, BT, SEMRRE CEREEMED 2
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(1) HAy- Ak

HITU + 7 A7 = —hOMREEHETFER 7 7 o kA,
ARADOTEFRPIRESR 2T T 272010, AR EEE L2 7 7 > b i X BREY
AT, ‘ '

(2) #EL GBI - #8h)

e SEABAOMBHZ Z VB SN D, BEPICREIC X = TaRED 5 BRI
FENETRE L, Y bR 3 RITANZ AN v 975 2 &0, HITU IZ X 2iREE (1%
"Rz 5,

BE: 77 PAIIBHE 722 LR L BREGOREL MK 5 DI HE 2
SHEZES, TERARBEICREWE | — M EOFERD exp (ol) ZHHILTET T2
DT, WIS o P ECTHY A XL IR L THREEEMICEBLTLES, o
HOFL— FF7EELCEERTEEZRIRT 2LERH D,

M LMo 3FEIC X D ERlEh B,

) BE . vy y (mri—na—@fr—i g 8 HER AN L)

2) BRI TN A T a R TRIMME LTI A TR T 4 2R (AELT
A A s L R 10~20um)

3) BEREGELE V9 A —X GB731 (R y Z =L "5 ¢ — =8 SRR 32um,
FLEE 1000 kg/m®)

F 5 TEMRAE b B AE[7,8]

AL | HHE[glem’] | WiK[o/s] | MEHE[dB/om - MHz] | BMAEHR[Wm - | BARe - K]
. K]

& 1.00 1480 0.0022 0.6 4,18

RERs 0.95 1450 0.63 0.23-0.27 2.3

(3) Hehe - R

BRI, SRR o T LT, RO R 0 SR TR £ o T 53
Bl DI, REE Lo THELT AR BN 5, W AT B BROBLE L
RS I & T, SUTTREES T R R 5, |

(4) W

SYTLHLIESS « AT AEAE I°CTRAT. FSHIANENE | FFREE, 2SR ARAE0. mm EE

(5) (ESITTRERAL MAMA CERRBENET 57 0),
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(6) EHKFE

1) BTSN T EARIREG L ERBRYE (F7 INTIFRTLarl) &,
TR ARGEET 2 LB LEbOE2 2 =5y MIT 5,

2) By —Fy FakHICEE L, HITU & BRE 5,

3) U MHEIANY I TETAFy LN, BIEERET D,

4) B FERE N AENDREICERT S 2 & T REAMOBMNARELETHAT
By TOkE, 2 ORREEOEE RS O T, AT O e 5K
FEHORBIRIEEDESMERNT, 7V P — b b KEE R B AT 5,
{7) AEDOwE HERAR

1) EEOREE (FE, B, s, i AR, i) AREEL TRy,
2)%&E?mvay$ﬁ4Uyﬁ@E?ﬁ@ﬁi&?é&%ﬁﬂ%ﬁﬁk%<%k?
LB, ®Fr T —a P EURWEERHE, R ) 7 LRVIREHIE TR
IZIRE & D,

3) EEEEDEIECERTHIRERDH Y, ¥—Fy b ERERTN A T ORI
HEMNTEFR T X D EPRICHR S LD,

4) T FRO ARy AC LY ZHoEHNEAT 2 7o, RS S D,

5) WREEZELIC Rl 5 A B CBEE O 2 RIZ B L TR RO b RE & HHL L
TUNAELY,
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7.2 ERAGRI ORI

32K, Philips) [9]
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(1) HAY - Hi&
Hnuhﬁyx$awﬁ®&kJM$&m77/kA
W ARARKCD B B R ST LT (RIRIR SR TR TR 5 AR D b O SIS D40
B (B o EE BE MBSt —) BT D,
(2) Rk (S - #78D
RS« BT o 3 TSR
1) Tissue-mimicking phantom (Philips Medical Systems $2) : ¥ (1536m) & =R (0.417)
OEPLMEREREL WS LELZLND,
2) ex vivo tissue: porcine muscle tissue {RPI)
3) interface reflector material (ﬁ%‘]’ﬁi)
O  air (ZER)
@  acrylic (77 V)
@ rubber {=A)

P 7. EEEFHHEE L 7 7 v b AOT R[]

TABLE 1, Avoustic properiies for fissue-mimicking phantony, e vive tssue, ond intecface nmterials.

Speed of Sound Aftemiation Densiiy
Matarial . fmdsec) idBiem M=} b g@’ﬁrz;_ J
Fhanfors® 1535 0.417 -

Muscle tizgnells 1547 109 1o3

Adr 334G - 00129
Aerplict] 2870 113 117
BoueH!H 3476 iRy G400
Rubberld ‘ 1460 0.3-0.7 132

® Philips Healtheare,
T Bone iz included here for comparison with acpylic.

(3) HAE - {EH : RO Z IR Lim 7 7 o b A OINERIED B 2 L 7o B
%@ﬁwmmkbkmia’WWbiéb%wmw & ARERE TR S

(4) FE5E : MRI (Philips Achieva 1.5T) 283 2REOREREIEKITT 5., XTTH
FrBRE R 1.25mm, EEHERLVIEDICHD L OR#EH Y,

(5) AR REEE « $5@ A —H— (Philips) OHETZ 7 FATHY . FHE, BEE,
BREELISOF — Z RRTR ST Wi, FHTTEZRERE, WA,
EREAMAC LD ERT 5 L B2 onD0T, BEEHEEZLND,

(6) HEHFE

1) EERE 10em. TERE 15em. @S JTon KRE L7 7 > h A% S0um DA F—/
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— MR, HITU RS T RE Sh W B lEk 2 v 2 1<,
2) REBREEOBERS N EES T 77 M ACEENICEEST B,
3) BUAHEE OFESRIT 2mm 2B A2 S REWRBATEN T &% MR THERRT 2,

(7) AdLEOBAIRS

ABFED BB ED O OREEOZR (BELALORE BF. iy —) %
FHET 228 TH Y FUIRFCERP A EOFTR, MR LV EROBE), BE L
FOERIZEPNTWD, LERoT, AFE 077 b AEOERZ VTR LS
_ LTI, |
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7.3 HEAKEGE & L I BEEETMI A 7 7 > b A3

$ 8 77 v b AOBRAE VEEEEL BB L ERBEORI 7 7 >~ FA)
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(1) H#y- f&
RE OISR CEHAOBRBE I L7277 v b A E&RI2, BEENO BB E~OTERH
IREMBEIAREAN ORI AT D,
(2) MRk O - #08D
FRAxE : BLT o 3 Tl
1) cadaver
2) gelfilled skull (ATS Laboratories . H&kAEE» 1)
3) full head phantom (head mold containing a skull filled with gel that mimics the brain and the
skin, FBEEEESLIL 2 O gelfilled skull & 716 0 % (A

O FHERHE & AFED H 3]

Taniie [, Acoustient and thermal propedtics of the brain {Ref. 27) and skin {Rell 27, of the tissue-mimicking hydroget (Ref, 28), und of a milk paseder based
rhestam (R, 263 N7AL ot ovailsble. Brain snd skin lissue comespond o human, otherwise staled,

"Fissue-mimicking hvdropef Mtk powdar based phantom

Shia (Ref 2T} Brain (Ref 273 «Rof 285 {Rel. 261

Speed of seund {me ™ 1337 @ 173°C 1332 6 9270 1562 | 37°C 1337 @237 1625 & NfA™C
. . - . (528 (pray maiter & 37 N .

anualic ! MHz G212 @23 - L3000 @ 23°C 40 B NG
Allemwation (dB eor ! MHz-% 3512 @230 0.4% Gebite matter @ 37°C i & 230 D46 & N

. . ) ’ . 35RG {pray matser) N i

ST U TR -1 -1 J15_17 = 7 g
Specifie heat capacity (J kg™ K71 3315-3280 (pig} 3500 {while maters 3}DO¢S{‘Q RiA
Thrmal contduetiviy (8 m-t K- 0,320320.016 0.478 2 0LOES 85201 KA

Models TTP-1 & ETTP-1 Thermal Testing Phantoms (ATS Laboratories){ 10]

77 v NADYERL S
< gel-filled skull >
1) Models TTP-1 & ETTP-1 Thermal Testing Phantoms & %57 L 0 T 55°CIIa M L. ik

Rz 5,

2) BAFE A% 2D (skullcap and skull base) IHIWF L, &2 WA ST AF v 7 7 4 LA
PR . FNETTLAALT SCOMBEIC 8 B AN, BhSE 5, Bk, 71104
EHB L. HBETHRET S,

3) BEEE I, 230mmHg DBEZEF ¥ LN T D b b 2 KA CRAS 5. A,
TNE I, FA T Cskull vault & skull base ST 5, FRNLEEE R A—
AT Vb ZA T v T TCEET D,
< full head phantom >
) FSAT 4w evw ¥ (Inﬂafable Mannequins %4, Unisex head, Hard plastic clear)
UL, b FIEEE (Skulls Unlimited 8) ##AT 5,

2



DV SRR AT~ RO T E T 5, S LR T 2 FRIERAT D,
3) KM BED I L ER KRR, Sk LAV CIIT B,
4) T P TEAR, BEERAET D DI mAKICET D,

(3) HEAE - B : b FREBCMEBBELEFEARFERLE Y 7 o b A, REMIRE
BETRERFOB R, BE LR 2B T LB TE 5,

(4) FEIL -
BREE T 7 (REEMEIEER R 2ot b LI-IRR) TORERT 2.6 CTIXW)THELD
=%t L. cadaveric phantom model, gel-filled skull model, full head phantom model @ E\ZH5
ITFNFR 53, 4.0, 3.9 TIHKWi)Th- T,

(5) EM eEE# W _EF DS SSCLUT Thiv XKl f mTak

(6) BEATTHE .
BEEH HITU 2%3& (ExAblate-Neuro system hlSi_gh_telC, TiratHakarmel, Israel) # V>,
Cadaver. Gelfilled skull, Full head phantom TORE FF | RGN & E RO AREHEIRE
BETRRORR & i L,

(1) AEOMRRA
1) EEXNE 70T Y — (Tablefl) 23V T, cadaveric phantom model V5
H RIS Ao, exvivo BEI—AD T 7 b AT A EERG TR,

F10 7Y =g ACHEE BT 7 2 b AOBRIRICERT 5 Hig[3]

Taare HI. Comparison of the best indication of each phantom for various applications.

Application Cadaver Clel-filled skul Full head gel phaniom

Treatment envelope +++ -+ (if skoll extracted from a ++ (I skudi extracted from a
cadaver) cadaven)

MR-ARFI spot localization + ++ ++

MR-ARFI aberration corrcctio‘n ++ ++ Fn

Investigation of skin heating +4+ - +

MNew MR thermometry sequences ++ ++ 4+

Nowvel bone imaging technigues + ++ ++

Development of FUS-compatible +i+ +4 ++

MR coils

2) FNAT 7 P ARKE TS AAIAFRELS THDHH., & FERER . FFZ Cadaver 7»
LR LS ODAFITARATILIRES Ti/ev, sl A3 o X 5 eagE o b a B
Thih,
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