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Phase Contrast Method Phase Contrast Method

Conversion of optical phase shift to optical intensity

N P ST A phase plate is a glass plate with asmall [~ ="~
i . P S column (200 pm in diameter) etched into
7 S e AN its surface.
" Z 1 ,' \ The light which goes through this column
f i . J is advanced by m/2.
\ Aﬂp(jgﬂ)" Tl e | N Cotumnar

“ ; Phase plate \‘ ,' dspraasion
\\ : /' N ’/ In this study, the location of the column ks set to tha position
Senea” i T = corresponding to the DC component of the spectrum on the focal plane
The shape of the optical wavefront on exit from the acoustic field is written as of the lens.
. v)= dexp(j8, Jexp(jdlx, 3,) A Opfical ampttude Lena Focal plans
I(I y) p( a) p(,/é( - ) g, Oplical phase befors entering acoustic fiekd Tm
On the assumption that Kx' y) =2 ¢(X,."] :Optical phase shift caused Y i? 2 Y
1(x, )% Aexp(s6, Y1+ j#lx, 3} by the acoustic field o Phase Phase
The anly central component is ad d by /2 refetive 1o all other comp its by }»z Laser > piate })X plate
the phase plate. The optical intensity resulting from interference can be written as X : z

(e, ¥)= |41+ j#ln 3 = 420+ 26(x, )
B4 fiFE= v b TR MEDFRE B 5 (LAEAR
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<Helographic diffuser> <QOthers>

I Function pen. l—’[ Power amp.

[ T R « Trausmittance: Aboved0 [%)] * Optical wavelength: 532 [nm]

2 ] P * Diffuse angle: 3 [degree] + PRF(Laser): 1 [kHz]
Samer o . o i) 1 cﬂcnﬁ * Aperture: 12.7 [em] ' Shutter speed: 1[ms]

st SRl SO :
L1 5 o)
it | Reconstrueted pressurss on axis using re
: e —— short and Jong optical propagation length are compared. M%’ﬁ)
== R = - e

Ire% .

&}
<Procedure> Pressare vilue é “: it A f ; i ’ M
1, Mcasure 1he depth of ficld and set the holographic diffuser at the imaging plane. 3 ray) Wil o W 3
2. Set the transducer on the position that is 7 {em] from the imaging plane. g o 1 E b2
3. Acquire and average 50 images with and without ultrasound 2 48
while moving the holographic diffuser slightly np and dows, s TR VTR TR
and the nmges azeclassmed as T, and L, respectively. Aok D) sl Wiy laiey
=5 fem] ’ Reconstructed pressure agreed well In the vicinity of facal point,
4. Caleulate each 2= ——-— ,and reconstruct the ultrasound field using o CT algorilhm. but not very well for i side lobes.
3. Change the opnml pmpagahou length and repeat the procedure 2 - 4. =28 [em) ’Reconstnmedprmm agreed well for the side lobes,

but reconstruction seems to have faiked in the vicinity of focal point,

If we combine twp experimenial data with optimal pmp-gnuonlengtl)s
pood agreement should be seen.

®6 vy Ko 7S 7 E0RER =
7 HE LSS U Holographic Diffuser 7 5%
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77, [ 6 1257 F X 5 1T Holographic Diffuser A2 U —1 & UTHWTEZEEL
S, EHers b #45%, Holographic Diffuser DAZHIME & LT, HBMEDITHD
& 734 T, Holographic Diffuser ZEPNCEBI L TER % L 2MLBEEET D, BH L
Holographic Diffuser & DREREIZ. B2z SN £EFD720, M 7R & 51T, BEE
THREL, MEETREIRET 5,

2) fiflar b7 R ME

MRz R TR MEOHAII, B2 Va2 ) — LY LU ARUTRETH D, BVE
RIS FBT 201013, 232 ) — Ly Ly XOREL/NSWVBERDHY | £
NA B2 ERT B0, FF o A_A—RBREDOLOERS, R E LT8R,
22—V LU AOEAERbRRERD, B2 2 ) — L L ROERRICH
BRSBTS H ARy hOKE Sk, HEORERE LTOMEE, B 152
a2l —L UL ADINER L >TREBDT, ¥y RUZ I 7HELEB LT, BE2d
ZENVEL 25, AR ECEETAMHEARY PORE ST, T HE2HRE L TR
ETHNERD D, MABRARy NOMHEOREIL, AERT T ALY 2 DMBRICT v F
VL DRB ARy FOBRSTRET B, LN T HERAR Y k@5 HOME
ZEB L 0 EDOT, MEZELEE VAR, 1 EREDTHLENEZEBLEDLS
AHFELB,

<Transducer>

Experiment - Spherical PZT - Aperture and focal length: 75 [mm]
« Center frequency: 1.14 [MHz]
= <Optical>
Function ; H + QOptical wavelength: 532 [nm]
+ PRF(Laser): 1 [kHz]
. Trarducer » Shutter speed: 1[ms]
+ Phase shift aperture: 200 [um]
- Focal length of Schlieren lens: 1.5 [m]
1 &
CCD camera
hj—> Phase plate Results

Reconstructed ultrasonic field (0.82 MHz)

Schiieren lens

L4
<CT Reconstruction> a “} T e
1. 15 images with and without ultrasonic are averaged respectively =z | <",£]
2. Calculate #=(,.~ Iy )2l ; ‘§ ‘E"d
3, Calculate projected ultrasound pressure using following equation : .% =4
= o B qE
¢=k,-5;jpdz {g:uwa °) fz‘g §m'
4. Rolate transducer 2° z o
5. Reiterate from 1 to 4 until total rotation reaches 180°
6. Reconstruct ultrasound pressure field using CT reconstruction algorithm b WA W o G o w % W ® &
Laiecal{imm] At imm)
B8 Bz T A MEOHIER X9 HER-R

5. KGR KR OAEDE R
x RS 7Ry P TR MEL, BEEOERE T D IR OTR
BLBELRD,

e
Bgsore
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1) vy FNorJ 7k
UABERPRIEERICER T 2 72 DI xBE e OGBER 112, FEEREL, BE
JETIAEREEE 725, Z0kd, BEERS &EREEHSPRET2EEE. BV SN
TR 21213, (RREEEE 2 BE0RY EX TRIET 2 HERSH 5,
2) M= TR ME

B 10 T LS imEE (B TR, BEEOHRAE (ER) ONfEEERL, iz
MEPEREEE L, (R T7 v 7 L fismAssiilEh s, Lied-sT, CT 7
A LAFRIZATIT DN T T v 5 » TUET A UNERH D, ZO72h
I AR T T USRS, HBBREOE S D SINLETHELNL TV ALER S
e
KROIBITRDETHRFMENBEM TH 5O T ARAF R MHRES TR FETH Y,
NA Fa 7 4 RBIFERIEIC L 5BEAREAICIISNEL L, Z ofstililE oz
DIZHEL HRIZOWT, KO E TCEDLAEICET RN ER IS, Zhiz
. BEPSONRENBIL L XL s TE VR — VI —BERT AR EOREL L.
AR ARIRITE ST B2LERD B,

: Results
US Propagation =
Amp. Out : 1.3V] Amp. Qut : 69.1{V]
US Pressure : 0.1{MPa pp] US Pressure : 6.3[Mpa pp}

-5

) L
Audal Direciion [mm)

.04 0.6
g 1
Q.02 g .I:l
.04
! -0.06/ i 02|
£5% £ 04

-10 5 o 5 10 -10 -5 0 8 10
Lateratl Direction (mm] Lateral Direciion {mmj

X 10 BEEICBTAMET v

BEIM :

1. R. Omura, Y. Shimazaki, S. Yoshizawa, and S. Umemura, "Quantitative Measurement of
Focused Ultrasound Pressure Field Using Subtraction Shadowgraph," Japanese Journal of
Applied Physics, vol. 50, pp. 07HCO07 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



W

S. Harigane, R. Miyasaka, S. Yoshizawa, and S. Umemura , " Optical Phase Contrast
Mapping of Highly Focused Ultrasonic Fields,"Japanese Journal of App.lied Physics, vol.
52, pp. 07HF07 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, S. Oyama, J. Yasuda, 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, 07HC09, Jul. 2015.

MR —BR, TREE . "EFMFHICL2EABTRES ORI BERES
Vol. 43, No. 2, pp. 255-263, 2016.



1200048 CT I2 & % 2 R FHFHA & FHABRKERE L 258 by BT 3 K

FTE R OFHE
1. Ek

BRI F RSN IS W BRSO A BB D 3 KT liz alke &+ 5,
2. B&

BRI DEEB 3T TH S0 0 BERIGFEBOERICL 3 BEDE L EIE
REHET 2 DI KROEELBERTHIT, AR, 3REF—F B Btsh s <& T
HD, LB NA R T x o EEHEET ARROERIHECIRETS LT
HEVIEM 10 ARECRWIFMEZET S, £ 2T, flk, RRPEMEBICRN ST
< SEHRH MBI, HER LRI TR 2 2V L3 FMD 1 RIZ2KRTED DT
Hot,

IHNDOFHEDN SFRD /T A — 5 B HEE L, T & FICIERE i st e
KLY 3RLEBEHEL, T xBTS DI 3 RTIEEREHEL T —~<L R—2
2R OIRERIT, BRABFREREZHAT D 2 L ARBRCHER STV A, Thbb,
IHHDRAFERIZ, WEBRIFTTWALED, TREHEICIVES TRIck-T, &
IR AERTEENTET,

DL RUERIEICH A, GBI E L B bR i b S L, TGRS
MU IR IE T E 22 WTE O 2 IRTOFH R 2 i, FRGERE R L9 3 koHE
ZRRICE VRO 20T, FHHAEEE 1HES T2 LM TE, BEE18HB, L
U, #IEHEORE L 2 52 B EE T ITIERERWE D 2 RTEE . N Fo 7z
VEBREETSUCRTEICLVET L, 141 AREORVERI2EY S, &
NENNH CT WL DFHANCB EH 2 5 L, FHAHMMEZ 1 U LERCTE 20T,
ZOBBIZEIDITREW,

SIEBEHLHEFNRET 210, 20X 22T REBFIITTRE2WE O 2 K
TESZ. RIBZT CTRIAABEDTHAT B HENH D, BEWEOMNHE FHICE
BT 510, BEROGE T IREOTEREL —EIREOUERH Y, ZORDIEED
REZ—ERELR2TERL20, | BREL VW EEMchY . SEEHICLS
(RS R T & 2 HBIC G ORE 2 EOIZIERIOEESBETH B 0O T, 3l
WfEl 22 1 MDA BAEHE T & 2 R0 CT IS L B EHRIFIE BT, B 2 e s ol
FlZREW,

JEAEAH CT ISk B 5D S A= Y b TR MEIC & Y BT 2158 ORE.
R L7c & 510, BEREFENSKREL 25 L, BAMEICBNTHERT vy 7L TLE
W, INELEREILT VT v 7T ORBELETIRICH S, TREBEREHE L 1LE b
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FhiE, EE LY L ERO, EETEOENESOFIESMEZFET T L0 T, AL
S v F LT LE D M/ NS <, ZOBKRTH, AL EEFEOERAKRE
VY,

3.

EWARIE S ISR R WE O 2 KL E S EIC, 3SRETHEREHRE T 5715
. BHOMENEEAREEREETOT, B8R0 ST 7 41k bIFTN D, TR
EChE, B L 2 REBTEEBREAZ LT, BBBETOWEFETHD
Rayleigh-Sommerfeld &5 & 1T 2 1L LV,

BT O I DR TR 20k F TR, BERE L. TS TRE R TR D
VERB D, &0 {7251k & LT Finite Difference Time Domain %, Pseudo Spectral
Wi ERB Y | T OB REMATICRE Lz FiEE LT, X0 —RERIT 2 BIRIZ
Westervelt 523, Burgers’ TR, KZK FBRXEENENMH TERERH D,

T D E S & BEHE T Taylor BEA L7= L 20 1 ROFEZ A 2 ROBEEB LB L
X ZOB/A BB OB T A—F LIFTNG, EROFET. WThb, T
BT A2 I NEEBIC AN LD THD, Jhd, EEHEET 2HE
SFOE 2 CYTMVRBECEER LI LIRS T S, Tabb, BIEMITICIIL
T. 1B, IERBIEL A ED 2 LITH D,

4. HEKRUHRER
2 RILEHEHA

FAB LM RIS 1-1 OYEAIHE CT I & B FHIFHBICHE Uk, 7o L, BHBEH & /3

NARL—FDEA I T RS LTFOTE LKL, BEK 1 BNSEIHRLE,

rad

10
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Lateral Direction[mm]
S

200 400 600 800
Time [ns]

Axial Direction [mm]
@&FBLER TS 1 oy LGt 1 Wi (1 BE A E5T)
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1 AfE= v h T A MEIC XL Y S B EBE EIC L 5800

Bl LT, ERIREE - B L BIZ 72mm, JAEEL 1.14 MHz © PZT REFBIZH F 5
AT a—FZL2FEEHBIL-2ERER 1R L, K1@OEE R oF 1L, %
IR RIZ B L,
Hae B FE O BEIE

JEAZAR CT 12 & 2 FEFRNE, FEMICIIEIHAIE T, MEAZLEL LRAWITTH
L3, AENE, BETREEZAWTGER L BRESZHWC, 0EFEEBRELEL, 0
RRPX2TT,

L]
S
|

s
=

S =)
[\ ]
Absolute Pressure[MPa]

Lateral Direction[mmy]
= o

[

(=1

)
=
=N

200 400 600 800

Time [ns]
M2 Mz b A MECEXVEHEIENZER RO | BTEOBSEREE (1 B
57)

ISR R H Ik
Pseudo Spectral {EZ AV, IR EBEERICANTERMEHE L, 2L, HER
MEEZE L CHXFREPRE L, TOREERR 3 IZTT,

'Propagation after45us."
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3 ATy b A MEEIZ K A EHBIE A 2512 Pseudo Spectral JEIZ L D EEHE L&
HETRESGOEESM

Bohi 3 R EH O

FRTGACBREHEIC X VAL 3 RTEESHO 5 b, ERMMEOH L EFE
AN FREEE WMOMCA4FU7i/émwfﬂmLt%Ekw@Lt%%\
BVW—HEMERTE I,

3 L
5
S 2 w
T
£ )
2 ‘
£ 0 A,
&
Bl
2
< 2t h i

3 s - . ; "

-10 -5 0 5 10
Axial Direction [mm] Lateral Direction [mm}
() L B DEE by F B OEE

4 frfE =y bR M & B EHAME A 21T Pseudo Spectral YEIZ LD BB FHE LIRS
SRENA FR T 3 ALY EEERHE U7 R DR
HERBEWDOE L HTICOWTHE Lz, HFEMR : = b T R bk +Pseudo
Spectral %, FRAEHR : Fiber Optic /A F& 7% &

5. AEOHEARR

SHEI & BAEEE b RS b e AT RO SR ORI, B T EL
BIFR O IC K& KL TV S, EEHEl S 2 REOFHICEICHBMER 2V
B, ERACE L EMAHE LT3 RGBS DHEH/LITIT. RA—sS—ara—F5,
SRR 2 RN AR NICE D BIIIMETH D, —F., EEHBESNE 2 REEH
ICHAH M R (RE TX AE . R CHEOKEHETH-TH, AR 2 B a—F
WL D REHLGENOBR THETE S, —H. BEEFN S 2 RUESITEHME
FIRELRWVEESTYH, M GEEHEOEEHE COIE, TR/ Ea—ZIZLVEE
RN O THE TE 5,

LietioT, arvta—FOREIZIAMEA B TH SO T, WVIFK, BBEIMRR S 1
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L5THAH) itz BRFEATHE, EER o Ca—F LV AFLEERITT I,

AENRGPBETHD, T20L, BATFEN., BRI 2EA L ERuaEED

BUERIRIZ X ) OFF@ L, SRt B LD 2 X T L Y4 Fu—F 2 onTid, @

HREARE L722 W RIEBRE OB BRI L VBT 22 EOFENE L bR B,

ZEHR

1. 8. Oyama, J. Yasuda, H. Hanayama, S. Yoshizawa, and S. Umemura, " Quantitative
Measurement of Ultrasound Pressure Field by Optical Phase Contrast Method and Acoustic

Holography," Japanese Journal of Applied Physics, vol. 55, 07KB09, 2016.
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A RHRRR D LBV BVRE R T, MK EORRES LRI/ NS WO T, —EDIRERAHE
HFWRE S — &7 L AZBWTERITES L X 9 & 100CIEET D &\ ) KD TIZ,
B EEREEDRENTEFTORBEHME 12— a VIl THET S Z
ERTE, E5I0, TNEECHEENEREOY —< NV N—Xome#ET oI &
WTEB,
2. BE

MBI TERE P TR H OB R O O FR OB ESAR & EEFHIT 2 Z LIX MRIIZ
EoTRONEHETHRETH LN, BERA A -V 7V TREETHD, LrL2R
5. R FRBE R OE AT 100°CICBE L TR Z 2L, BERA AV 7T
Lo TEBREICRINTE S, £, BRERKRIHTE 20T, REFEREEICETER
BE RSB 2 B8 iE, R L TASHBRHBAZ A I &by, £
T, —EOBERABSERR Y — 7 RACBWTESLERL X H £ 100°CITBET
BEVD SIS T A IEEENERSEORESME L OBEL Y —< LV F—R 2,
A= (RENIGITE 5 72 2 (bio-heat transfer equation) % FEMIZMNTH LN LHRDTEE, iR
BEABSTEOESIECS VSV REEET S L H)BERRELTHE L 208 oEEK
BRZ1T5, 29 T3 81080, POHBELEY—vL F—ROBERERE. £0F
HMEBOBERBINDIZLSEEORELIMATITI ZENTE S,

3. R 102

HIBAFEIZE D S X, % < OILFERIG /
LRI, BESERS L bicsmyr M 10

5 BEEREICEO T, WREeE B

Bi12iE, B EWL OD—FEORER 2 @

3. & 107

Invitro DESRFER % B2, Mgtz —H& J-;:—: 102 3

DALZRE & AT, T OHEE O R R E 7
LT ey b3de, M1 DXDIZ, L] i g %
WhwaT7T L=y AT ay hTEET 1041

B 38 40 42 M4 B w%m
B E
X 1 #ARRSEDIRERR M

X AEmME TS, 777 OEEH, Mg
W HELREEz 2L —DORESE
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TWBHDIE, 43 CLL & LUT T, HRBEEIZNERTEM b= —0NR 252 L %
ZLTW3,

- R, 43 CUE TR IREN 1C EMN D Z & ICHIBROREE K 2 (512729, 43C
T T BENICTRD I LICHMEEDOFEESN 14 FICRDI EEZRLTNS,

ZOBMRE AViE, filaE b AEEIZER LR 2, R CEFERE 7= 53 43°ClZ
BRUERE I CBEMI DN TES, 72205,

2T-43°C (T = 43°C)

tas = f(fmﬂx F(T(®))dt. f(r) = {4T—43°C (T < 43°C) )

Z ® 434X, thermal equivalent dose S/ EIZ Y —=< /L « K—R (thermal dose) (3CH#k 1)
EREER, NA S—H— T (hyperthermia) IZRR SN HBRROERLEZEL LTH
WENT&, Z2LOERBERLZEIL, RORBRHADRPELNDBELL LT, 1s=
4 h(FER) 23, BRAMNCAWVWLRTWA,

—F5. EENTRAE LT, BRELMRIC L > THEIND, TORRELELT
EEDEMHEBRORE T 13, ROESHEIXSEZ (bio-heat transfer equation) (3T
BR2) IZ X o TGERIBNCEET - FRITHZEHTE S,

aT 82T 93T | 82T
= k(5 + 55+ 52) + @~ waCoT @

ZIZT, TRMFERES b bEREREZ AL LZRE, O ITENEREDHEZY O3
BB, C ROk TAFEBORBLBERVEMEERTH D | Co LU wp LMK DEAFELL
ARUOHERETHD, TOXTEINTWAIEEIE, OFICX3HERE, Fat
R THIRE—EORIB L OBZHICESMITLEI LW IR RBELED
THDHDB, ARHERPORE %, BISREOERIBCRIEREE 12 L org el
ETTFHITAZ LA TEDZOT, BIEROSETIIEASHAWVWLN TV S,

FENE O FEEFHESUIIES bHE SN BT RTE»OHETETENIE, 0%
B AERBEE TR BIENIC A 2 LI X VRS T OB OHEEME 4 K
HHIERTE, KIZ, T OFEBEZEIC —< IV F—ANMi2RODDHZENTE
b,

4, F¥E (551 BME) - HTamEE
(1) 3 WTBE B ETH OFHAIIIHEE

BRIV D 3 R ER SR 2, EEHT 20, 1 RN 2 R OFEFHRMH
MHOWRBLE N T VAT a—P T XA —F 2 BICHEHEICL VHET D, 2 2 T,
BEOFE LT, BREBIZREERA R V2T 2 —FO—FlIZOVWTRT,

B2, KFIZBITHERBLED XBROY i EOFEIZONT, #HHA A Fr T
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AL VR LR, BEHERR LB L, BEIRAESK 4 MHz O F T
AF 2 —FDORIE, K3 DL 3HEEINT, T VAT 2—FOKERIT. £NIZ
HESBEHAERBREPHABRIGE S L3R L, R2o/RERID, #HES b
FUAT a—YEHITBED b T AT 2 —FOTEERICTTITEN EHET SN D,
FIT, DI VAT a— Y EHERAWZEBEFEICLY . HEO I KRITOBERE
BEMETED, TOL I LTHIHFRIZL VIHEE LIZERFTO 3 RTEHOH %X
AT, AR ORERENT, TEEERC, —HRTHDLRE L,
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FEABRRVERT, BEEEROF 7 A—SUT, MRETH LN TED,
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W BFEBRAZNEIZLY 2 00 BEMNREL THEZIT ) OREETH S,

WIZ, —EDOBERBH S — 47 2DV T, TRFERT SR 0 B 1 72 48 5 i 0 Y 28
AW TEET R AT =5 b RAE 9 OHFORFRMIBEREL Kb, JBFETSEH (2
Z CIHIATMARARRR) DORBA LB, BVRER MKROERREZ BT, 3RTE
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5. ik (B2BER) P74 —Fw o

SEOTEA L —F v ATEBEBIZ T 3 f/hS0vo T, AFRERTORE
2. lpm BEONERLOTH-Th, MEEE2 IHETH, RELT, BEDOB
Fe R A=V L 2T, ELDTEBECHBIIEZRETIZENTE S,
INBGEET OBEE B E— FRIZL-> T, MERAEAEAMLIICENTEY EVE
gEnD L O ICBERE S OKTHEZHEG LN, BEREBH L — 7 v A2 RITT D,
THIZEY TFEBEY OV P AN E b OERBERIAKERR TEHLER
bitd,

6. AL AR

A (RHR R O HL VO BME SR 1T | MK ORRE A LR/ N SV LT 2, EEER S
N Rk oD RSP AEARIR £ o R O, EEMRR oM L v b ERNRE S RDHHER
WERHY . Zhl, KFEOHERELREETIEBNND S, 72720, AL
R ABIIERMETHD I EBEND T, IRBEIEE LR TZOBEITNENEE
ZbNBLO0D, BRTHULERDD

WE WAL 1 MHz FBREE TR 25 &, BBRAITKE 28R & 4V M
REBD NG, ZiE, FEIRSh 2Ry MBREL, $h, REORE 7%
BAEEDIVNERBERIEENREXLS RO TEEX vy ET —va VBRREERLTIAR
B THDLEHMEIND, KEREHRMEE S L, BETEMEROBEETRBRZIE
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WAANBNDEDT, IMHzZRESHAWLNBBE LA, 20X D RN 2RBI3E
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KERPHFEN DD, BUR TIERERDITRFBEA TS LITEVER,

6277 hALEEBBEBONAT Iy R7 72 kA

77V b ATHERT B 2 & SRR AFRLESRE CREL, 77 b ALLE
BHNZAWTEM S %, = 2TV ) NS &3 EICOEHER A RBHRIEES, OBRI2
L ERET 2 ORRERGE R ENBTOND TV vy F7 7 bAZAN
L, EERESEZ20hY . WEOFOTIZLEDT,
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7. BEBEZEERTWAT7 7 FaDf
FORRFETHREZED TV BIREMMEFMA O 7 7 > h A, HITU AIZBR S
7277 ¥ R AIZOWTERHOXHAEIC L 2FRNEL T, ZABICHL, 77~
RN ARRER STV BIEO LB ATV, FREHREHOEX FOBE L5,

7.1 ZRTRESHAFMEHEZ 7 v b A

72. BRAFEOHEWZXZEE LR, MBAAX— MR 7 > b &

73, APEELTZE LBEEREA T 7 v b
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7.1 ERGGERESMFTEHZ 7 o a CRERFERE) (6]

®4 77 bLAOERMER SRTBESMEMEN 7 7 b A)

ERES | myEE »
o T v

Tk v

BT — WS, ik

L L | maemER e
EER (BN | *reFovas R, R R, i
iRz 1 IR 5 B
i BT v

A, B ”

Y

B DR B

LFAH ki) W, ik
Jrv skl | B WS, (et

LFAHE () e

B R WS, fath

JCFERIERIME L

o R R »
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(1) HEY - fl&
HITU + 7 v AT 2 —V OHEF@ERER 7 7~ b &,
ARROBRFRPBESEZHRET 270010 ARABEEELZ Y 7 > LA X 218ES
R AT,

(2) HERK (hE3E - M8
B BEZFROMBIZ L VR EN D, BERICREIZL > TAIED 5 BIRHKE Y
TEAEFEL, Y- MEEIKRTHICRAF ¥ F5 7 LT, HITU I L5 REEE
’x5,
B 77 PARIE L 25 K0 IR L BRASUEORELIIHT 5 - DI EEL
SHERBRS, SHEPBEICREWVE, — FEOFEIBRD exp (al) [ZHBILTETT 3
DT, BWIREL o BN EL THHA XL 2k L THEEERNOIZEBLTLEY, “h
EDORML—RAT72BEUTCHEER TEZBIRTILERD S,
M T o 3 fEIC LD ERI A A,
DBE: vLvEy (mro—na—Fr—va il BHALSL)
2) BBBBEA TN AL 70" TwNMELTZIA TARST 4 v 7ikG (BALT
wATa s s v ki 10~20um)
3) BEWEEE: /7 A —X GBT31 (Ry ¥ —XuF ¢ —=fl IR 32um.
FEEE 1000 kg/m?)

TS5 HEIRRME & BEFE7.8]

AL | EEE[gem’] | FE[ns] | BEFE[IB/om - MHz) | BYRER[W/m - | BUEE[g - K]
K]
7K 1.00 1480 0.0022 0.6 418
FERs 0.95 1450 0.63 0.23-0.27 2.3

(3) Hkwe - £/

RRREER I, FEESREIC X - TR LT, AR OEERE O#iE T v 52
BT B0, BECL > THRET HERENPET 5, REIKETIEROEE N
PR D 2 LT ZRTRESH 2T B,

(4) WE

SRR EE Y | IREARRE 1CREEE, ISR ARRE | BDIREE. ZERISAREE 0.1mm 25

(5) BERFRERE HEMER (IRBIRERTHD),
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(6) RN

1) BERSY T A RIRE LI EREEDE (77 IAT IR LI RE) %
T A RIOERT 2 L AR L b0RY—F Y MIT 5,

2) bRz —# v b EAFICEREL, HITU ZBHE¥ 5,

3) L— MBI IFT—ETAFy L LENL, BEETET 5.

4) BEICESEINEAENHIEEICERT S 2 E T, BESHOBNRELE AT
B, TOrE, B4 ORBRKSROEE IR O T, REFHUREEO R 5 HEK
BIEORIBIRR OB E AT, 7V I F— b b AR B EFTHZT 2,

(7) AEOB RS

1) AERORWE (56, BE, FEER, E BEE, M) 2EEL THRY,

2) FrEF—a R Y TR TRIEANERT D & HBERERRE SELT
B, ¥y EF—3a UBNEURWEEHE, KA )7 LRWVRERETORH
IZREIN 5,

3) ANEIEMEITECEH THILENDY ., F—F v M ERFERUN AT ORI
HREETE HZERRICHIR SN D,

4) V— FPHORF X ALY ZRTEHEIT ) o, RESHEERCHNES 5,

5) BB S BB R BB REOEICE L TR ERHEBRO b oEZ BE L
TURLY,
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72 ERRMORBILDIRE LR, AARZ—FERT 7 o b o (IR~
vV F K, Philips) [9]

K6 77 M AOBERMLE GRELR, My —FMERA7 7 k&)

R (| e
& S .
ST v
TR s | pmE, (MR
AR Lo | EECEREE
CER (BH | 2veF—vas B, BEE RN, (A
AL =

VR4 5 2L

$s AR
g, BdmEk |
| st *
Rtk O IR EE IR TE I g
MR (i) N il
77 hakts | KB isRsE, Bk
FEAE (R lgess
A IR B fika8sE, M ihsE
ST e
A XREERGAM Lo | EEREE A

FFLHIT DS AR L T D LHEE SN D,
GRS ETRAEARICHEET S RABIC L SRN 0OEBRFML T3,
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(1) HAY - A
HITU k5 > AT 2 —Y OWRFHEFER 7 7~ b A,
RN AREL D B 73 BT BRI LT IR SO N IR TE T 2 R R D2 & O B D %)
B (BRI ORE R, MBS —) 2RI 5,
(2) #BHE (XS - #TED
PGSR « DIT o 3 fE%E
1) Tissue-mimicking phantom (Philips Medical Systems ) : &3 (1536m) & IR E (0.417)
DEPLMEEEL TWDH LB LD,
2) ex vivo tissue: porcine muscle tissue (BRPI)
3) interface reflector material (S5 4)
O air (ZEX)
@ acrylic (72 Yn)
® rubber (= .A)

£ AKRPEELET 7 v b ADOTERE9]

TaRLE 1. Acoustic properties for tissne-mimicking phantom. ex vive tissue, and interface materials.

Speed of Sound Attenuation Densiiy
Material {misec) (cdR/cm MHz) fgiem ).
Phantom? 1536 0.417 =

Muscle tissuslD 1547 1.09 1.05

Adr 330 - 0.00129
Am’yhcm) 2870 1.13 1.17
Bonet9 3476 6.9 0.400
Rubber1? 1460 0.5-0.7 1.52

# Philips Healthcare.
b Bone is included here for comparison with acrylic.

(3) BB - fEA : BOUIHHEBEERE L2 7 7 o b AONIEMRENE 24T L 7 O
ROFEEIZ LY DX 3BT 502 % MRIIZ X 2IEERIE CHMT 5

(4) ¥5EE : MRI (Philips Achieva 1.5T) (28} 2IREOREREIKET D, XHTiX
BRI 1.25mm, BELERLVEDICHS LOR#EDH Y.

(5) EFARTRRINIEK « S5 A — A — (Philips) OBEEY 7 FATHY | F#, HERE,
FBELUSADT —Z BBITR S TRV, EHFTRERIREGRE, A MEIIRH,
HEEHAMBUC L VBT LEZBNE0T, BEIEREZE 2 M2,

(6) FERAFE

1) FER 10em. FER 15em, B E Tem (2 L7 7 > M A% 50um D~ A 77—
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— MIFEE, HITURBFRRE SILTWAIEAS 7 IEL,
2) REHMRIIEEOBTE SN ZHE-T, 772 FAICEENIIHEEST 3,
3) R E QBRI 2mm 2B 2 A RKEVWKIRBEN T % MRI THRT 5,

(7) AREEOE RS

ABEFED BRI SUR D & O R OME (BN OBE R/, Bz —2) %
TS Z & THY, FMEAROERBKIECOFE, BEICL YV ELOBE), BE L
ADOERIZEPNLTWD, LIeBlo T EEKLDT7 7 FALOERIZOWTIHAL S
PO Q AV AN
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7.3 AEEE T ZE L RBBEARMEA T 7~ R A[3]

#£8 77 M ADERMEE (EREEEZE L BBHTHR T 7 v b o)

B 0% | memE 3
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(1) HHY - Bk
B OEERVENOMBIZIEEE L7 7 v b AR, BENO BIEMEB~DER
IRBBEIR IR O 2T 5.
(2) ¥R (I - 8D
MRS« LAT o 3 fi3R
1) cadaver
2) gelfilled skull (ATS Laboratories 5, #EfkiE#R 1)
3) full head phantom (head mold containing a skull filled with gel that mimics the brain and the
skin, FEARAEHE 7 V1L 2 D gel-filled skull & [F U b D &)

9 TERSM L B O LE3]

Taste L Acoustical and thermal propenties of the brain (Rel. 27) and skin {Ref. 27), of the lissve-mimicking hydropel (Ref. 28), and of 2 milk powder based
phantom (Ref. 26). N/A: not available, Brain and skin 1issue comespond 1o human, otherwise stated. -

Tissue-mimicking hydroge) Milk powder based phantom

Skin (Ref. 27) Brain {Ref. 27) {Ref. 28) {Ref. 26)
Speed of sound {m s 1537 @ 17.5°C 1532 @ 22°C 1562 f@ 37°C 1537 @ 23°C 1625 @ NfA"C
Antenuation (dB c! MHz-1) 3.521.2@ 23°C 3?: (:,‘?h“i‘fc'“m:':;’)ﬂg’fc 0.5+0.2 @ 23°C 046 @ NA°C
Specific heat capacity {J kg™ K™Y 3215-3280 (pig) :;:g ((fm"i '“m’:f::) 3500 500 N/A
Therma! conductivity (W m™! K-1) 0.293+0.016 0.4780.015 0.5+0.1 NA

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

77 v M ADIER T

< gel-filled skull >

1) Models TTP-1 & ETTP-1 Thermal Testing Phantoms # &7 L o T 55°CITM# L, &
Rz T 5,

2) BAEHE# 2> (skullcap and skull base) (2L, H4PRNZ 7T R F v & 7 4 VA
ZRD . SRR UAALT SCOMREIIZ S HBAN, EibE® 5, Blb&. 740 A
ZHEIB L, MBETRET D,

3) BARCEIL, 230mmHg DEZEF ¥ o /8T, 272 &b 2 BEAF THRET 5. HEE.
TN, #A T v 7 Cskull vault & skull base Z3EAT 5D, i HEEEEL—
AT V=M EA Ty T TCERET D,

< {ull head phantom >

1) 75 A7 4 v 7 «<32% . (Inflatable Mannequins $, Unisex head, Hard plastic clear)
ZEWr L, t FEEZEE (Skulls Unlimited ) #iEAT 5,

2




)G EESEBER R 7 — 7 THO TE 2T 5, WS LT T2 KRR T 5.
3) AKAEMLERY H UmERIIKEEE, SRR UAATRET 5,

4) Sy TaR BRMEERET D OIHKITRET 5,

(3) HgBE - VEFR : b NETEZ L NAEE L EM 2R L7 7 v b o, ARERMEIRER
BEBEREOBSR, BELREZEET LI LNTE D,

(4) HE -

BEERY L 7 (AEEMEIREREE 65 & L IBR) CORGRIL 2.6 CIWSHTHDHD
1zxt L. cadaveric phantom model, gel-filled skull model, full head phantom model DEGh R
EENFR 53, 40, 3.9 CIKW/S) ThoTe,

(5) i ARIBEEIE ; 1R B F A 55°CLLT © Hh X8 el F mraE

(6) R :

EEpR A HITU 38 (ExAblate-Neuro system : InSightec, TiratHakarmel, Israel) % VY,
Cadaver. Gel-filled skull, Full head phantom TO{EE L7 REAR % EERO A BHIRE
BERRER B L,

(7) AEORARR

1) BE AN TOOF4EHT I Y — (Tablell) 123V T, cadaveric phantom model 135
L HRBIEN 27288, exvivo EE_R—AD T 7 b ATHET S & R TIIAR,

F10 77U r—aiZidd 57 7 v b AOBRICE T 2 Hig[3]

TasLe . Comparison of the best indication of each phantom for various applications.

Application Cadaver Gel-filled skull Full head gel phantom

Treatment envelope e ++ (if skull extracted froma  ++ (if skull extracted from a
cadaver) cadaver)

MR-ARFI spot localization ++ ++ ++

MR-ARF] aberration correctiop ++ ++ ++

Investigation of skin heating +++ - +

New MR thermometry sequences ++ ++ +++

Novel bone imaging techniques + ++ ++

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

MR coils

2) BT 7y AIKEETASNVIIAERES TH AN, & MEER. KT Cadaver 1
S L7- b OO AFITAARTIARS T2V, SIAIER 3 © L 5 BRIAEOHE LA M
TH D,
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