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Ultrasonic Fisld 4
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Plane Optical Wave |$ —— HH Phase-Shifted Optical Wave |
A\

)
|':'!':.

\

Refractive Index |
Perturbation :|

S i

furan 1)
Assuming that the water B l’"'
under an acousticfield is Lo ;V
an optical phase object,
the optical phase shiftis % :Optical wave number
written as :

on : ve i
b= kcj;s’i(r)ds =k, - L p(0)ds gn ‘Refractive index

é— :Piezo-optic coefficient
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Subtraction Shadowgraph Method

Shadowgraph Method
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Measurement & 2
Ultrasonic Field Pilane
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Plane ) f’l Pmpagat'on Using the amcmcal optics approximation i
Optical @ = = }( ! arss:lnfonsdl:nng the conservation of encrgyx F iDr the pha;: ;‘hlﬂ generated by
Wave )‘5] of propagating light wave, &

/ 7 following cquanons are obtained. I-1, 1{&

\Q ) Ioso 1 1( &xz 6)

X ﬂ”’ Sl 1(a_ 2
Prase o Lk, e 8) P22k ‘f:‘:z*:.:;‘;‘:ﬂ
Modulation | /| Modulation i & & §
K2 % RU 7T 7D B 3 (LARZEFRD b IRIEE T~ DR



2) frfE= bT R bR

(A% 90° ¥ 7 FEERBBREAV., thi, BERSELFE L CEERS
NEXEFHEEZLI2E0. K40k 5z, MEERHEZIRELSHCERTS, 20
JFELIE 80 AERMCEIA S, AWER OB B L 2 THEIC LI AR ZEMSE & [
BTh D, MAHEEME TR, BERENNEVED, LY XORRMMUOERSY % @i
THEREBRAL LTHWS, —F, BEESTHAEORAIZIE, FIETEARREZ KX
SV VDT, BEREBLEB L —BERT S L ADESEEY BiET 5
BT & AV, ZOMAER 5 DX 5 RAAARICE > Ty 7 b ERHTANS, (X
Bk 3)
SEREEROEAD L > RBEESTH LT 51213 2 SOBEE RT3 %
Eih D, £ 1 OBREE. BEEDEDITEOMARN, BEREARET 2L, Thbb
RN T v TTB2EThD, T—F0 SN EREEFTHIE, MRI BEHISICE
WTBEIZERICH L TWAMHET Iy 7TAITY ALY ZOBBEIIRIETE S
LEZBND, B2 OB, KBIEEEHOREOIZERT S OMRSE. FEEY
R DD 72, RIFIEFEIC CHH SN B HOBERBHO LTLES ZETH D,
DIRAIL, FEEHRS OMREZMSICFHRT AL R PICLY R TEBLEILN
%,

Phase Contrast Method Phase Contrast Method

Conversion of optical phase shiftto optical intensity

e = T - P A phase plete is a glass plate with asmall [~~~ =
d 20 o 47 SR cofumn (200 um in diameter) etched into
. 3 & : % its surface.
,' \ 5 é ol G The light which goes through this column
( ! | S 3 is advanced by /2.
! Adexpl(j6,)1 | 1 , Columnar
\ ll ‘i 0 8

-

N Phase plate ' depression
4
\\\ R4 O /' In this study, the location of the column is set to the position
_______ 2 R ST 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( 76, Yexp{iglv, v ' 4 :Optical amplitude Lena Focalplane
( )) p(j °) I)(J¢( 1 )) g, :Optical phase before entering acoustic fisld T%
On the assumption that ¢(x,y) <<2x é(x,)’) :Optical plhase shift caused ‘ ?
1{x,v}= Aexp(s6, Il +ylx, e)')] by the acoustic field X = Phass Y Phese
The only central component is advanced by /2 relative to all other p by }»Z 1aser | piste }DX plate
the phase plate. The optical intensity resulting from interference can be written as- X . z

.Iw(x,y)ﬂA{j-kjﬂx,y)]z £ Az[] +2¢(x,y)]
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<Tramsducer> <Schlieren Lens>
AN

N » Aperture and focal length: 70 fmm] - Aperture: 28 {em]}
Experl ment * Centerfrequency: 118 [MHz} - Focal length: 150 fem}
Sl ko <Holographic diffuser> <QOthers>
Biam Expender * Tramsmittance: Above9d {%) * Optical wavelength: 532 [nm]

* Diffase angle: 5 {degrec} ~ PRF(Laser): 1 [kHz]

lser ) ‘--*0:‘ ) Cimﬁ + Aperture: 12.7 [emn} - Shutter speed: 1{ms]

Reconstructed pressures on axis using

I Fuaction gen. l—"l Power amp. I\\

<Procedure> .
1. Measure the depth of field and set the holographic diffuser at the imaging planc.

2. Sat the transducer on the position thatis / [om] from the imaging plane.

3. Acguire and average 50 images with and without ultrasound
- while moving the holographic diffuscr slightly up and down.
and the images are classified as I, and [ respectively,

4. Caleulate each T2l

5. Change the optical propagation length and repeat the procedure 2 - 4. =28 [enm} }Recmstmctcd pressure agreed well for the side lobes,
but reconstruction seems to have failed in the vicinity of focal point.

. i, =5 {em] bRcconsuucted pressure agreed well in the vicinity of focsl point,
Land reconstruct the ultrasound field using a CT algorithm. but niot very well for the side lobes.

Ifwe bine two experi ] data with optimal pr

6 % R 75 7HE0ORIER |aood srecment houdbeseen.
7 FE L ~UUIZIE Uz Holographic Diffuser DF%E

tion lengths, ‘
u

m

5



% Z T, X 6 12”83 & 5 1Z Holographic Diffuser # 227 U — & U THW T ZBEL
&, EEREREHEL %15 %, Holographic Diffuser DAVERIMEE & LT, KMEDITS D
& 05883 DT, Holographic Diffuser 2 PUZEI N L CTEH % L 20 EE AT, FHE
Holographic Diffuser & OFEBEIX, K@ SN2/ -0, K718 T X512, KEE
TREL., BEETIREIRET S,

2) it F T R ME

M= F T A MNEOHBAIZIE, B2 Va2V -V VU ABURTUETHD, mWE
MO fREE L EBRT A0, F2 v a2 —L U LU XDREL/NSWMERHY | £
NEERRSERTEED FFoN—BREDOLDOEZRSE FERL LT HE 1R,
H2oal)— LU Lo XOEAEBOERERD, 22 ) — L L XDERITHE
BRI BT D2AR Y FOKE X, KRORERERE LCOMEE, F1-F2
Va2l LU LU ADIEILE > THREBDT, vy RUZ T THLBLT, i3
ERVBULEL 2D, MR EICHRETAMEARY hOREIIL, b E2BELTHR
ETHAVERD D, MHEARY SOMMHEORETIL, BEY TR LY 25K v F
VIREVIBBAR Yy hORES THET B, Lo T, ARy NEESHONMHE
AR LV ELDOT, MHHZELEEWVESIE. | EEED THOENELELESE
ATELD,

j <Transducer>
Expenment + Spherical PZT * Aperture and focal length: 75 [mm]
+ Center frequency: 1.14 [MHz}
& <Optical>
Function : ) + Optical wavelength: 532 [nm]
Amplifi
Transd + PRF(Laser): 1 [kHZ]
fanscucen + Shutter speed: 1[ms]
= + Phase shift aperture: 200 [pm)])
e « Focal length of Schiieren lens: 1.5 [m]
Y -~
L.aser CCD camera
}*Z Convexlens / hase plate Results
Pulsed laser (Water .
Schiieren lens Reconstructed ufirasonic field (0.83 MHz)
60, L
<CT Reconstruction> ‘ " " I
1. 15 images with and without ultrasonic are averaged respectively = | TS| o6 3
2, Calculate #=(..- I )24 i g N
3. Calculate projected ultrasound pressure using following equation £ %-.:
~ s nig E fee—
o e, én_ -1t
=ty = f ot (E-uzxxo ) E X :-.!
4. Rotate transducer 2° &

5. Reiterate from 1 to 4 until total rotation reaches 180°
6. Reconstruct ultrasound pressure field using CT reconstruction algorithm

X8 iz b T R MEOHEIER X9 JHIEHEHE

Asiat{rom]

5. KGR KR OAYEOHE RS
V¥ R 7Ly TR MEL, BEEOET R BT 2IZisR 0 LR
BMLEL 2D,

I 1 2 %0 4 o o .



1) v Fu /57
WA RN IRIBERICERR T 5 72 DI BB ORI 113, FEKEFEL, BE
JECIXERREL 72 b, ZOD, BEERS LIEEEFSVRET 2EH L. &SN
EETHIET BT, mIEEERE | 2 EE0R D B CHIET 2 HERH 5,
2) [z R TR ML
10 IFRTEIEEE (BR) Tk, KFEOHE (EX) oML kL., L
MBEREER L., MR T » 7 LI amBsatlls s, Lei>T, CT 7A=Y
X LB AT T BRI, ZNEREUINAET T v TRBTLUERDH D, ZODH
2 NIRRT v T LIRS, HOBREOE I D SINLTHLN TV D LENRD
%o
KDIEITROEHEEMVBBEMTH 5 0T AFE, HREREER FIETH Y |
N R T B EREC & AIE R FEOICESLEE L2V, ZORRIED
X, RIRZONWT, KON E TEDAEIET 2 —HRENERSND, ZhiZ
CRENEDONEANTL R Lo TR —BEERT AR EORK LML .
AR 2 ROETRIZIE DT D NER D B,

, Results
US Propagation ks
Amp. Out ; 1.3[V] Amp. Out : 69.1[V]
US Pressure : 0.1{MPa pp] US Pressure : 6.3[Mpa pp]

Przse Shift
frard}

()

iE E-
£ E
: £
: §
k] T
£ 3
9 o

'
L i
3 &

Phate Shift [rad]

oo b oo o
=
B——

- B I~ R S -

3

3 5 ° 5 0
Lateral Direction {mm} Lateral Dicection [mm]

X 10 BEECBTAMET v
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bbb, EZAB, A Ra T EEBEET AEROEGHAGETIAZITI &
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ZD XD RUERIEFITIA, FREERMEAE L ESE DR MBS L, B ES
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IR EHEMIERET 5101, TRk L 72 5 FRERH SIS REZMTEO 2 K
TS %, RBEZT CRNMBLED THT 2 LERH 5, BEHOMEZIERICE
B 5121k, BEROGETAIHEOETEL —EILROVENRDHY . ZDID ’ﬁE@
BEEZ—EBICRZA2TER LN, 1| BREL VI REMICDRY  TELEIC
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BeRfl % 1 HTLL BAEHE T & B MVAR CT I X AFHIGE OB SERIL. Bl 2 I E R R £E 2L

IZREVY,

JEATHE CT I X B 51D D bz v T 2 MEIZ L v EEHT 256 OREIX
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W, TNEERICT VT vy TTARERETIRICH D, BREFREHRE LB2ED

9



UL, BRIV L ERO, FEFEQRVE S OFESA 2T I XV T, 4L
BRT v 7L TLEIRREEN/NELS, ZOERTYH, A bY i FEOBRIIKRE
W,

3. Him

B S MICIZTRE 2B O 2 RTESEZEIZ, 3 REES 2 BEE T2 Hik
X, BROMENEEREEZRZTOT, FER0 ST 7 0k bRITN D, HRIEH
FETHIUT, EFEFHRI L 2 REEBEZEIRE ZR LT HEBBRITOREFRTH D
Rayleigh-Sommerfeld f&%3 % 1T 21X L\,

BB OIERIENEE TE RN E XTI, BEHE S, 2SS FRERFELZE S
MDENDHD, L0 —#87 5% L LT Finite Difference Time Domain %, Pseudo Spectral
ERERDY | EOFBICBEITIHL L FEE LT, X0 —BiE»bIER
Westervelt 52, Burgers’ HR, KZK FRERXZ2ZhFNM FiERERH B,
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3 My b T A MEIZ L % EHEME % 2512 Pseudo Spectral HEIC & 0 fEEE L4k
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W EARE L RWSRIBCEOBEHEIC L VM 2R EDHTEREZOND,

SEZ K :

1. S. Oyama, J. Yasuda, H. Hanayama, S. Yoshizawa, and S. Uniemura, " 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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BERICH LT EHEY I 2 L—a VORBRNOIMENLRMAZTD Z &R L 22
BAMRDD, I TV IHIIMERLRIRETE1X. OT A —F ISR 525, OFER
ﬁ%k%ﬁﬁﬁ%%@%uﬂwﬁi\ﬁﬁ%ﬁﬁv:1V~Vayﬁﬁﬁb\%5#%
772 PAEBRTHWAREDOHERD D, OIZE LTI 21, iR OwH o
#43 @&77/bA£%%ﬁw-% W HEOBEFWEMITEES I 21— 3 L/ TK
D B HER. mm@m@@m PEBMEYIaL—va T VEHEL, FOMMEELNLE
77 NAEBROBREME L TRETHIHERETH D, ZHDDOFHEIL, FHRIIZ
RESHFINDD, BRTIIRERSITHRADPEAL TN D LITFVER,

6277 v hhEEERBRRONATY vy FT7 7 b A

77y b ATHRT B 2 & SRR A ARSI R, Ty v b AL
A9 ﬁwT&ﬁTéohgfwol%ékiE IR A (RIS, @872
ML A BET 2 ONRER AR EREFONE, AT Y v K77 b AxAN
WG, SEERERRX 505 Y . REOFIDRIZHEDT,
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7. BERRINTWE 77 hAOH _
HERRFTHEEZED TODIREFEFMHA D7 7 > b LD, HITU BICHARE S
7277 v FAZOWTEFIOEFAEC LA FRNEL T, ZHOIZKL, 77~
R AICER SN TV BARO B EZITV, REHEHOEBEZXFDBE LT 5,

7.1. ZWRGIBESMAFMEA T 7~ b A

72. BERGHOEELHEE LR, MB Ry — @A77 b A

73, EFREEEERLBWELTMA Y 7 b A
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71 ZWRTiBESAMFHMEA T 7 b & GREKRFERRE) [6]

Fz4 77 bAOERMAER CRTEBESMAHMEAT 7 M A)
L

frfieRs (B Y E

=Y

T
TR

R — . M
HELAEE BRECIE R L

e (R

Sl oA

BJE. BHE MR, [EfE

s () T
R TR
L, BmEs
LN
ORI

MpEmE (RifE)

figdnzE, M=

77 v b AR

w8

g, A=

MFEHEN )

figas 72

A IRE 5K gagRzE, EiFE
JeFERIE A
YA ZARERGM
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(1) BHY - s

HITU 7V AT 2 —VOWREFMFEMR T 7~ b A,

RN OIEFETIRERZHEET 201 AREREZER L7 7 v FAIL X DRES
FHEELT .
(2) HRk U#& - #8h
Rl BEFBROMEHC LV R EN 5, BEPICREIC X > TARED S ERIRH Y
TENLERBEL, V— MNEER3KRIENICAZT Y T52 & T, HITUK X DIREELE

"2 5,

Bt 77 FAREE 2B X OIER L, EREGORELIHT 22 DIEER
SHERRS, TEMBEICREWE, T MEOFERA exp (L) [ZHHIL TET D
DT, BIURE o 2/NEL THYA X LIk U THREEEENCREBELTLES., Th
LD RML—FF72EZE L TRERTEZRIRT 2UERD D,
ME: BT 3 BRI LV IERESh S,
) BE: w2y (mry—na—Rr—ya 8 FRHASL)
2) BRIBREH TN =L 7080 T VML LIEDA FGARYT 4 v 7iReE (BEADT
AT wy s B K 10~20um)
3) BEWEER: 7 A —X GB731 (Ry #—X -7 ¢ —=8 R 32um,
L 1000 kg/m?)

F5 EESE L BYRELT.8]
W | HE[gem’] | FE[m/s] | BFER[dB/em - MHz) | EMmERE[W/m - | BAEE/g - K]
K]
7K 1.00 1480 0.0022 0.6 4.18
iz 0.95 1450 0.63 0.23-0.27 23

(3) Hhe - 1
RORHRE, AR & > THAK LT, TR OR R O CIRIE L » 748
TS BT, WE L - CIRELT 5 RENE(LT 5, BECKET 5EMOELEk
SERET S 2 LT, SRTRES & THET .
(4) ¥ '
SWTIREES) | R SARAE 1CTRE, WERIAREE | IDRREE, ZERISARAE 0.1mm TR

(5) BEFAFTREREIS HEMER CIRPBEMT LD,
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(6) BERFGE

1) BRREED TNV EIRE L EBEEYE (T2 IALTI RO LERE) %,
FEEEEARIGERT 2 L0 ICREB L2 b0E2E—F Y MZT 5,

2) B —74y MEKFIZEREL, HITU 2 BT 5,

3) = MREINVN)ITFTETAX Y LR L, Bl AT 5,

4) BRI NTEENDIREICERT S 2 LT, BELSMOBMRELZ T
B, ZO& & filx ORIERSEOREFHEE IO O T, BEHRGEHO LR 518K
BEOBREREOBAWERNT, 7V IR F— b AR REN TS,

(7) AREOBEARR

D ARoREE (F#H, BE, BEER, LB YR8, MK ZEEL TRV,

2) X ET—TarRhAY T RETRIEDERRT S & AEESENI R E AT
B, Fx T —va UBRELRWEERGE. K1 U 7 URVWIRERF TOFHE
WZBRE SN D,

3) AREEYEIIRAERATHIMNERHY ., ¥—F v MEHFEROI AT ORIZHK
ENREHETE D2ERRICHRIND,

4) = MHEDORF ¥ LY ZRIEFHBNIZEAT O 72, ReRSERIZHAIRH 5,

5) BEZEICHE S TFEHI R ORI OZGIZE L OIAGERE O b oL B L
TUVRUY,
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72 BERGMORBIZLDEE LR, MBANAZ—FER7 7 bA (TR, ~L
v %K, Philips) [9]

*®6 77 hAOERHARE GREELR., MW —F A7 7 hA)

B (| PR v
£ T :

TR 5

R N

LA v | mmemEn e
RS (BH | %reT—say R, S . i
b ) #

EEENCRE D &ML

=R LS
b BMmE R *
BRI &
PP O TR BE IR TP S
MmfmA CRIn%E) gasz. MEiE
77 v hARE | KE) e, EihE
MmN R s 2=
& REN K e, fEdE
S B
A ARBEGAM 1% FEFmE R

FEERUT VR EREREREL TS LIEES R D,
R B CESBRRICEET S RERIC LR ORE LI L T\ 5,
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(1) BBy - A&
HITU k7 AT 2 —Y OMRFMEFIER 7 7 > kb,
WA R D 72 28 B2 BRI LT BB ROHANZ TFTE T 2 R s & D R D %)
R BROEALORE EJ., Mg —) it 5,
(2) HERK (& - A1ED
A LT o 3 EE
1) Tissue-mimicking phantom (Philips Medical Systems ) : 338 (1536m) & BFE=% (0.417)
DENOMEZEE L TNE EEXLNS,
2) ex vivo tissue: porcine muscle tissue (FKP)
3) interface reflector material (SZ§H4)
@ air (FR)
@ acrylic (77U )
@ rubber (=A)

F7. EEAER LT 7 2 b AOTEEM[9]

TABIE 1. Acoustic propesties for tissne-mimicking phantom & vive tizsue, and interface materials.

Speed of Soumd Atteruation Deensity
Material ' (m/sec) (cB/em MEE) (giem)
Phantom? 1536 0417 4
Muscle tissne 1547 1.09 1.05
Air 330 = 0.00129
Acrylicd 2870 1.13 117
Bone®? 3476 6.9 0.400
Rubber!? 1460 0.5-0.7 152

 Philips Healthcare.
% Bone is included here for comparison with acrylic.

(3) HEEE - VER : MMM A EEE L7 7 v D AOIMBIRENE 2 MR L /- K&
ROREEIZL Y DO X DI T 50 % MRLIZ X B{RERE CFHMAT 5

(4) #EPE : MRI (Philips Achieva 1.5T) (23317 BIBEE ORIERECIKET 5, XH Tk
FLEREET 1.25mm, BEHHEEL VEDIZHS & DRHEH Y,

(5) fEARTREMENL : 35{8 A — 4 — (Philips) DEET 7> FATHY, THE, BEE,
BELSOT — 2 RBER I TV, (AR RERE, ASIRE,
HEFERAMBC LV ERT D EEZONHDT, HEEHEEZE X LN S,

(6) BEMTIE

1) BER 10cm, FER 15cm, BE Tom KB L7 7 v F A% S0um D<A F—3
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— MZFEE, HITURBFOREINTWDIRTKSZ 7 ITEL,
2) FAHEIMBEOBER SNV EHE ST, 77 v b ACEBIICEAT 5.
3) KEHAL OBERIZ 2mm 2B 2 5 KREVWEIANENT & % MRI THEET 5.

(7) Ao ARR

ABFED B IS REHED D O RFHR ORR (BEXBALOEE ER. M F—2) %
AT A THY ., FMENEOERBHEOFE, BEICLVESOBE), BELE
AOERIZEIPN TS, LEBST, AELEDT7 7 FALDERIZOVWTIRLED
PO QAVAJAR
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73 AHREEZ EE L BBEARHMER 7 7 > b AB]

£8 77y N AOERMEE EHHELZE L BEEEHER Y 7~ ko)

EHEH (| TEE v
A :
R v
R — vee | lags, B
LR Vo | HERHERLE
R (B | *reF—sav BRE, R, A
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BEEICHE D &AL

BR ULNEES '
e, PRER 1%
EAY
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77 v hAef | FE iggnzE, fEikz=
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A IREN K liggszs, Bz
SR B
YA ARER G v
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(. BHY - Hig
HEOEERVENOBRZERE L7 7 b AEZXIRIC BBERNO BEMEA~DOIEH
BB I DR 2T 5. |
(2) tERE (HEXE - #TED
A4S« LT o 3 fE3A
1) cadaver
2) gel-filled skull (ATS Laboratories 4, #RAE#EE /L)
3) full head phantom (head mold containing a skull filled with gel that mimics the brain and the
skin, MAHEHEESZ 11T 2 D gel-filled skull & [F U b D% H)

=9 FTEEME L BRSO T3]

Tasee I Acoustical and thermal pmpénies of the brain (Ref. 27) and skin (Ref. 27), of the tissuz-mimicking hydrogel (Ref. 283, and of 2 niilk powder based
phantom (Ref. 26). N/A: not available. Brain and skin tissue correspond to human, otherwise stated.

: Tissue-mimicking hy drogel Milk powder based phantom
Skin (Ref. 27) Brain {Ref. 27) (Ref. 28} (Ref. 26)

Speed of sound (m s™1) 1537 @ 17.5°C 1532 @ 22°C 1562)@ 37°C 1537 @ 23°C 1625 @ N/A°C
. 0.28 (gray matier) @ 37°C
-1 -1 Q 4
Altcnuation (dB cm~* MHz~) 3512@BC g maten @ 37°C 0.5:0.2 & 23°C 046 @ NA®C
Specific heat capacity J kg ' K™Y 3215-3280 (pig) Bﬁifg'm“m;) 3500+ 500 NA
Thermal conductivity (W m~! K1) 0.293£0.016 0.478:0.015 0.5:0.1 NA

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

77 b ADIERFE

< gel-filled skull >

1) Models TTP-1 & ETTP-1 Thermal Testing Phantoms %# &+ L 2T S5 CIZMEA L, #&K
TRzt 5,

2) BAZEFE % 2> (skull cap and skull base) (ZHIHFTL. K2 NRIZT T AF v 7 7 4 LA
RV, FLERLAALTSCORKEIZ 8 FfIAN, BlE®s, B, 7114
FHB L, WEETRET 5.

3) BEEZE 1L, 230mmHg DEZEF ¥ /N T A7 &b 2 FFEARP TR T 5, BXE.
kA, ZA 5 v 7 Tskull vault & skull base AT 5, TN LIEEEFE—
AT VL —AIZEAT T TEET S,

< full head phantom >

1) 75 AF 4 v 7 - <%% > (Inflatable Mannequins %%, Unisex head, Hard plastic clear)
ZET L. © FEEZEE (Skulls Unlimited £) Z#HAT 5,

2



DUV BESHICERRE 7 — 7 CREOTHET 5, WS LTRER T 2 REIBERT 5.
3) KLLMD B LIERIIKEZRE, FAVE2RLIAATRET S,
4) 7y TEL, BB LERET S DIZmAKICET 5,

(3) B&RE - 1EM : &t NERBEEWMEZBEBE LM ZHEA LT 7 o b o, AR
BEREROBDE, BE LA ZEE TN TE S,

(4) HEEE
BEPRY L 7 (REEMEIEEREE 2 R L LIBE) TOBGEIL 2.6 CIkW/s)Th 2D
{Z%F L. cadaveric phantom model, gel-filled skull model, full head phantom model ?>Z4%hs&
XENER 53, 4.0, 3.9 CHKW/S)Th -7z,

(5) EHFREEIEL : IBEE EH-AS S5°CLAT Ch i Bk EIE A v ke

(6) BERFGIE : \
EEPR A HITU %8 (ExAblate-Neuro system : InSightec, TiratHakarmel, Israel) % FHu>,
Cadaver, Gel-filled skull, Full head phantom COIRE L& REE QA % ER O ARREMHRE
BEWBBERER OB L,

(7) AREOFARR
1) BEIN 7T OO AT 3 Y — (Tablell) 123V T, cadaveric phantom model |35
HHEBBIEN ST, exvivo BHENX—ADT 7 b AIZHET 5 L EFATIE 2RV,

K10 77V r—va ViZRHT BT 7 b AORRICET 5 Hig([3]

Tasie IIl. Comparison of the best indication of each phantom for various applications.

Application Cadaver Gel-filled skull Full head gel phantom

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

MR-ARFI spot localization ++ ++ ++

MR-ARFI aberration cormrectiop ++ ++ T+

Investigation of skin heating +++ - +

New MR thermometry sequences ++ ++ +++

Novel bone imaging techniques + ++ ++

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

MR coils

2) ANT 7 NAICEETAFVIZIAEZERRES TH I, b FEEFE. ¥IT Cadaver 7>
SR L7 b ODOAFIZAATIRAS TRV, 3IAXHE3 O X5 BEEOWE L A
TH 5B,
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