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W 3 7] &

259 dUAE AHEst ARE AFstr] 9% @AY Ve TEskA &gt A, 253 AsEdd 7z
St oluAE 9 A VIEE FESA R, AT XA 2SIHIFDE o 2 71E 24 oY AR
o gJojMe] AN =TEAM A% ¢ W FE5S W utk(Wu, et al., "Advanced hepatocellular carcinoma:

Treatment with high-intensity focused ultrasound ablation combined with transcatheter arterial
embolization," RADIOLOGY, vol. 235, no. 2, pp. 659- 667, MAY 2005; Wu, et al., "Feasibility of US-
guided high-intensity focused ultrasound treatment in patients with advanced pancreatic cancer:
Initial experience," RADIOLOGY, vol. 236, no. 3, pp. 1034-1040, SEP 2005; Yuh, et al., "Delivery of
systemic chemotherapeutic agent to tumors by using focused ultrasound: Study in a murine model,"
RADIOLOGY, vol. 234, no. 2, pp. 431-437, FEB 2005; Blana, et al., "First analysis of the long-term
results with transrectal HIFU in patients with localized prostate cancer," EURO UROLOGY, vol. 53, no.
6, pp. 1194-1203, JUN 2008; Uchida, et al., "Transrectal high-intensity focused ultrasound for the
treatment of localized prostate cancer: Eightyear experience," Int. J. UROLOGY, vol. 16, no. 11, pp.
881-886, NOV 2009; 2 Hindley, et al., "MRI guidance of focused ultrasound therapy of uterine
fibroids: Early results," Am. J. ROENTGENOLOGY, vol. 183, no. 6, pp. 1713-1719, DEC 2004 *=).

HIFU= Zlo] &e] e F4EY G B A4 A5 B2 =4 X7 A3E vlo|3t B9 FHg=
A Ay afFs FHES AFseH(Sanghvi, et al., "New developments in therapeutic ultrasound," IEEE
Eng. Med. Biol. Mag., vol. 15, no. 6, pp. 83-92, Nov./Dec. 1996 *%). X MRI % 223 AlgslE=
oln| =] <kl (Tempany, et al., "MR imaging-guided focused ultrasound surgery of uterine leiomyomas: A

feasibility study," Radiology, vol. 226, pp. 897- 905, Nov. 2003; % Sanghvi, et al., "Noninvasive
surgery of prostate tissue by high-intensity focused ultrasound," IEEE Trans. Ultrason., Ferroelectr.,
Freq. Contr., vol. 43, no. 6, pp. 1099-1110, Nov. 1996 =)= HIFUE HIHHA A& =424 ¢ Ho] ¥
obsolA stk A, HIFUE Abs 25 2 AgAdehe] Az ARgst=s dAAdA SQsAn.  HIFU
e g 259 A5E 9% S Z2H (probe) 2 AHPAE Tl ERNLFAE AT OZHN 24 9
2ol ¥ALTE W HA HFS FA=vH(Chan, et al., "An imageguided high intensity focused ultrasound
device for uterine fibroids treatment," Med. Phys., vol. 29, pp. 2611-2620, 2002; % Poissonnier, et
al., "Control of prostate cancer by transrectal HTFU in 227 patients," Eur. Urol, vol. 51, pp. 381-
387, 2007 #=x).

AR 71 Bk, AR AANE EARA, HIFU 99 42 ol AAE 259 25190 £ by A

h T
st7] $laiAd= olm Al hi7F Aotk &% A MRIZF A fAFEe] A sl dojAe] HIFUS A &%
% 3] =

BUHEshs o ARSI, E2S37E dgAcke] HIFU A =& sk o 3lojx 44
Aoz JTH AT

=
@Al A HIFU AZREE Wns B L8 255, ¥ 244 052 A fa) e=d 717
= o wel a2 (U AEYR) ojdlel EAXFASE B ot A4 A
Stk HIFU W5 A4s7] 98 oldle] EAAFASE HIFU el 42 el 24 o]a4e nyshs 3714

s Al

ol

skT}(Chapelon, et al., "New piezoelectric transducers for therapeutic ultrasound,"
Ultrasound Med. Biol., vol. 26, pp. 153-159, 2000; Pernot, et al., "High power density prototype for
high precision transcranial therapy," in Proc. 3rd Int. Symp. Ther. Ultrasound, 2003, vol. 1, pp. 405-
410; Hynynen et al., "Trans-skull ultrasound therapy: The feasibility of using image-derived skull
thickness information to correct the phase distortion," IEEE Trans. Ultrason., Ferroelectr., Freq.
Control, vol. 46, no. 5, pp. 752-755, May 1999; Ishida, et al., "Development and animal experiment of
variable focusing HIFU system for prostate cancer treatment," in Proc. 3rd Int. Symp. Ther.
Ultrasound, 2003, vol. 1, pp. 382-387; Seip, et al., "High-intensity focused ultrasound (HIFU) phased
arrays: Recent developments in transrectal transducers and driving electronics," in Proc. 3rd Int.
Symp. Ther. Ultrasound, 2003, vol. 1, pp. 423-428; Curiel, et al., "1.5-D high intensity focused
ultrasound array for non-invasive prostate cancer surgery," IEEE Trans. Ultrason., Ferroelectr., Freq.
Control, vol. 49, no. 2, pp. 231-242, Feb. 2002; Martin, et al., "Investigation of HTFU produced
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emulsion for acoustic hemostasis," in Proc. 3rd Int. Symp. Ther. Ultrasound, 2003, vol. 1, pp. 351-
356; 2 Aubry, et al., "Transcostal high- intensity-focused ultrasound: Ex vivo adaptive focusing
feasibility study," Phys. Med. Biol, vol. 53, pp. 2937-2951, 2008 *=).

WS ol gdtel, 27

olglo] 8459 Ty @ By wal, 9A5d gig TE 2559 IE W/ 94t

o g Arst A A
B
X

=~
FAre] AN EAol HIFU We DEAYE F vk, BE, olRe 24 53

SA Ev FAPEY:= AL pHEY. oly3 FAE FASE 3 A WHE Ax]e] XA CT(computed
tomography) Hi= MRI 32} Ho]HMNEESZEH % dgugEd 7|Zxst= &3 AT 3D % REdHS

o] 83l= ZAo|t}(Tanter, et al., "Focusing and steering through absorbing and aberrating layers:
Application to ultrasonic propagation through the skull," J Acoust. Soc. Amer., vol. 103, pp. 2403-
2410, 1998; % Sun, et al., "Focusing of therapeutic ultrasound through a human skull: A numerical
study," J. Acoust. Soc. Amer., vol. 104, pp. 1705- 1715, 1998 #=). olgdt HHL FMHL E3
HIFU W59 2AEE s ARJMEAAAT, BAHo] Flg HE 7|35 e F45S 243 wol= Add
WA E A Woltk.  dijtomA], o] Jhed HFVIES ol&ete], mHA EE 1 ZHA o] A7
BE SAGL, 9 T Ee AR v WSl VxSt WS 2 E2ALE & Ak(Seip, et al., "Dynamic
focusing in ultrasound hyperthermia treatments using implantable hydrophone arrays," IEEE Trans.
Ultrason., Ferroelectr., Freq. Control, vol. 41, no. 5, pp. 706-713, Sep. 1994 #z). o]gjdt HLHL
&% Bl A5 L ANEIN D 5 At 19 ojgolEe EALL S8 AR

FH o, AR HIFUS olmA] kil &85 918 o]F RE 253 ofgo](DMUA) Al2=vlEe] 7ido] &=ojwo] ¢
t}(Ebbini, et al., "Lesion formation and visualization using dual-mode ultrasound phased arrays," in
Proc. IEEE Ultrason. Symp., Oct. 2001, vol. 2, pp. 1351-1354; Steidl, et al., "Dual-mode ultrasound
phased arrays for noninvasive surgery: Post-beamforming image compounding algorithms for enhanced
in Proc. IEEE Int. Symp. Biomed. Imag., Jul. 2002, pp. 429-432; Yao
and Ebbini, "Real-time monitoring of the transients of HEFU-induced lesions," in Proc. IEEE Ultrason.
Symp., Oct. 2003, vol. 1, pp. 1006-1009; Yao and Ebbini, "Dual-mode ultrasound phased arrays for
imaging and therapy," in Proc. IEEE Int. Symp. Biomed. Imag., Apr. 2004, vol. 1, pp. 25-28; & Ebbini,

"

visualization of thermal lesions,'

et al., "Dual-mode ultrasound phased arrays for image-guided surgery," Ultrason. Imag., vol. 28, pp.
201-220, 2006 F2). HA-BF Aw EAAFA 7o FHL ougd AR 433 ¥ YEow A
o s nAdd YAES AT F A EALFAMES AF5S H(Fleury, et al., "New piezocomposite

transducers for therapeutic ultrasound," in Proc. 2nd Int. Symp. Ther. Ultrasound, 2002, vol. 1, pp.
428-436 =), HTu, HA-HF AR Ve onAd RE B Xg BE BFA o 45 7 a4 o
W AEES fFeste %S S wA AFES 2e ofgle] 84S ATt Am AYS A8 Eodd HA
st¥l ¥ (prototype) DMUAS] olm#] FHE& JHAdst7] 913 o9 AIwe] A=A 2™ (Ebbini, "Deep
localized hyperthermia with wultrasound phased arrays using the pseudoinverse pattern synthesis
method," Ph.D. dissertation, Univ. Illinois, Urbana, 1990; ¥ Wan and Ebbini, "Imaging with concave
large-aperture therapeutic ultrasound arrays using conventional synthetic—aperture beamforming," IEEE
Trans. Ultrason., Ferroelectr., Freq.Control, vol. 55, no. 8, pp. 1705- 1718, Aug. 2008 %), o]l&L
AE 270 Eo o] AEZ el o|n A (Simon, et al., "Combined ultrasound image guidance and therapy
using a therapeutic phased array," SPIEMed. Imag., vol. 3341, pp. 89-98, May 1998 #=); % A 7|+
(SA) 2 dd AL EAA(STF) o|v|AS o]&3t= dII2E FHEE(Ebbini, et al., "Lesion formation and
visualization using dual-mode ultrasound phased arrays," in Proc. IEEE Ultrason. Symp., Oct. 2001,
vol. 2, pp. 1351-1354 =), =3} % H|X3& 22} o]u]A (Yao, et al., "Enhanced lesion visualization in
image-guided noninvasive surgery with ultrasound phased arrays," in Proc. 23rd Annu. Int. Conf. IEEE
Eng, Med. Biol. Soc., Oct. 2001, vol. 3, pp. 2492-2495 =), H|AE F3< A (Steidl, et al.,
"Dual-mode ultrasound phased arrays for noninvasive surgery: Post-beamforming image compounding
algorithms for enhanced visualization of thermal lesions," in Proc. IEEE Int. Symp. Biomed. Imag.,
Jul. 2002, pp. 429-432 =), B oAb o EHH} vlEo] IFE of7](excitation)E o]&st= FHWF 3
=ul A =e] #¥3F(Wan and Ebbini, "Imaging with concave large-aperture therapeutic ultrasound
arrays using conventional synthetic—aperture beamforming," IEEE Trans. Ultrason., Ferroelectr.,
Freq.Control, vol. 55, no. 8, pp. 1705- 1718, Aug. 2008; % Shen and Ebbini, "Filter-based coded-
excitation system for highspeed ultrasonic imaging," IEEE Trans. Med. Imag., vol. 17, no. 6, pp. 923-
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934, Dec. 1998 F=x)E ¥ 33T},

TZE 9% HIFU We| 713k Abdty) B FAlEo] B0 e ¥Ade X5
ZAE(ARAN, 3+ FSES T3 o 5
HIFUE ol&f3t X5 WAl o 3d
AR Al Ha HE Az ARy 7 ) S =
2 4 AN, AEAQ HIFU Z2EF (A7, HIFU 289 ¥AA 949 U9 AR ZdAES] g 2)E
ol g = 2-3 AtS Heg & & .

A8 HIFUS] RIFlE 485 9% e 7sso] =9Hddtt. dE 59, 283 752 -5 A= o
glo] EWAAFA 7|4 (Chapelon, et al., "New piezoelectric transducers for therapeutic ultrasound,"
ULTRASOUND IN MEDICINE AND BIOLOGY, vol. 26, no. 1, pp. 153-159, JAN 2000 =) % H]

(Seip and Ebbini, "Non- invasive estimation of tissue temperature response to heating fields using
diagnostic ultrasound," IEEE Trans. Biomed. Eng., vol. 42, no. 8, pp. 828-839, 1995; Seip, et al.,
"Noninvasive real-time multipoint temperature control for ultrasound phased array treatments," IEEE
TRANSACTIONS ON ULTRASONICS FERROELECTRICS AND FREQUENCY CONTROL, vol. 43, no. 6, pp. 1063-1073, NOV
1996; Simon, et al., "Two-dimensional temperature estimation using diagnostic ultrasound," IEEE Trans.
Ultrason., Ferroelect, Freq. Contr., vol. 45, pp. 989-1000, July 1998; Salomir, et al., "Hyperthermia
by MR-guided focused ultrasound: Accurate temperature control based on fast MRI and a physical model
of local energy deposition and heat conduction," Magnetic Resonance in Medicine, vol. 43, pp. 342-347,
2000; Vanne and Hynynen, "MRI feedback temperature control for focused ultrasound surgery," Physics in
Medicine and Biology, vol. 48, no. 1, pp. 31, 2003; % Souchon, et al., "Monitoring the formation of
thermal lesions with heat-induced echo-strain imaging: A feasibility study," Ultrasound in Medicineand
Biology, vol. 31, pp. 251-259, 2005 *%)& ¥3td 4= git}.

A ool AET7IES ts AL AXEAAY FA 7S Edtets 7HE "ol gk vSR w3t
2 A ZF Ao]E A F3CH(Ebbini, Deep Localized Hyperthermia with Ultrasound Phased Arrays Using the
Psudoinverse Pattern Synthesis Method, Ph.D. thesis, University of Illinois, 1990; % Ebbini and Cain,
"Experimental evaluation of a prototype cylindrical section ultrasound hyperthermia phased-array
applicator," IEEE TRANSACTIONS ON ULTRASONICS FERROELECTRICS AND FREQUENCY CONTROL, vol. 38, no. 5,
pp. 510-520, SEP 1991 #=). o]z 4 A8 oA B FAH FHES Zt=th(Ebbini, et al.,
"Dual- mode ultrasound arrays for image-guided surgery," Ultrasonic Imaging, vol. 28, pp. 65 - 82,
Apr. 2006 #=%).

MRIE o] &3k 2% oln g2 4 MR-t} HIFU A1 285 (MRgFUS) Zdoll A o]& 7hsshH, ol# gk dejo] ni
& F= 2 g f=go Ul AlFE 4= 9ti(Salomir, et al. (2000); and Vanne and Hynynen (2003)
Fx). MR ol&dhs HAHG 2k oA 7|xsh= HIFU Z=5o] = Alo] dadFeso]l Ais it
(Salomir, et al. (2000); Smith, et al., "Control system for an MRI compatible intracavitary ultrasound
array for thermal treatment of prostate disease," INTERNATIONAL JOURNAL OF HYPERTHERMIA, vol. 17, no.
3, pp. 271-282, MAY-JUN 2001; Mougenot, et al., "Automatic spatial and temporal temperature control
for MR-guided focused ultrasound using fast 3D MR thermometry and multispiral trajectory of the focal
point," MAGNETIC RESONANCE IN MEDICINE, vol. 52, no. 5, pp. 1005-1015, NOV 2004; Sun, et al.,
"Adaptive real-time closed-loop temperature control for ultrasound hyperthermia using magnetic
resonance thermometry," CONCEPTS IN MAGNETIC RESONANCE PART B-MAGNETIC RESONANCE ENGINEERING, vol.
27B, no. 1, pp. 51-63, OCT 2005; % Mougenot, et al., "Three-dimensional spatial and temporal
temperature control with MR thermometry-guided focused ultrasound (mrghifu)," Magnetic Resonance in
Medicine, vol. 61, pp. 603-614, 2009 F=).

%253 &% FA(Simon, et al., "Two-dimensional temperature estimation using diagnostic ultrasound,"
IEEE Trans. Ultrason., Ferroelect., Freq. Contr., vol. 45, pp. 989-1000, July 1998; Miller, et al.,
"Fundamental limitations of noninvasive temperature imaging by means of ultrasound echo strain
estimation," Ultrasound in Medicine and Biology, vol. 28, pp. 1319- 1333, 2002; ¥ Pernot, et al.,
"Temperature estimation using ultrasonic spatial compounding," IEEE Trans. Ultrason., Ferroelect.,
Freq. Contr., vol. 51, no. 5, pp. 606-615, 2004 #*)& &, #F5F 7| HH(Pramanik and Wang,
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"Thermoacoustic and photoacoustic sensing of temperature," JOURNAL OF BIOMEDICAL OPTICS, vol. 14, no.
5, SEP-OCT 2009 #x)% AWt thgo] Aoldh 253 &% 7|5 WHEC] A= AtH(Seip and Ebbini,
"Non-invasive estimation of tissue temperature response to heating fields using diagnostic
ultrasound," IEEE Trans. Biomed. Eng., vol. 42, no. 8, pp. 828-839, 1995; Maass-Moreno and Damianou,
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Fhel 240l o3 2gHEn w7y Aok
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ot MRTO] Aol Wlad e ZEq) S5 Fo] 53] £AIZF @k, UST= 55T
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Brh e SR 24 o)Wy % SR FH AR A8 FuR ARES 2tk

UST = MRTO 7]1Z38he A% g=w AHol& 9sA= HIFU A2e o]n A hl] A"l ko] &3k Bl AJZE
Aggto] o3ty o AF HFEo] TAE W o FAHEF M= HIFU ERAFAL Ade g4
o o& @49 4 Ak, AhrE, HIFU &2 7]8F o]ux] Zd(EE #91)e EfAH S HIFU &9 A8
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HA geth). dE B9, % HIFU £A2E MRI OHH A 2=El 9] HE—%@JOM. g, AR5 2 g HEe]
T o R A e Afol o8] Ax mw gE= A, 20 = ojm A Qhl A|~Ele] o]ny &
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A%AHA BUHP S Wz dEs zhe AN A A 2w ARde 78 tEe] B wAA oA
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(160) Atele] A4l 24 ehils Ad e 208 QA EAEA)(AZA, SF] FEE)E tehich,
% 6ol EAE uks} o], oA EQIEE(163) F9lo] EAYHE WS ol getel ¥U EAL A FAEE
(160)e] &4 H T,

St ool AAldelAl, AR AZR(10)E ¥ FAAN HEEE vish o] AR BEFS B o9 Am
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(IxFOV) & ZtET. IxFOVE odle] XA o5& Aydgo=a o 449 4 k. gy, DMUAES =¥&
EAELS 9 dHY JeES d&8stow2x MAdE 4 v, DMUA H2=-ol3 dlojE = doe thE o|n of
do]2RE 9 FAx-ozm HolE EAHES ZHAT, FAHoZE ¢ ¥ Fi4 9 ¢ W 23 gi9gE oy
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EE, DUAES] e 5 2= S9w o] oy SueFES olgdtel, Leldd Swel MM tie] w1l
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A, ®24) delA HdH o 2 (coherently) FAbEAT, o] EF HhiA], s 2AERRH g2 3eES &
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o550 59 T Fug ySsEERY X 2A S

dE 5o, B WAMdA AYEE ojujd Wy /s AlAEET dAAste] AMEE 4 e ZHE o7 %
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L.9}¢] &} o)abe] ™ o 50| Shen et al., "A New Coded-Excitation Ultrasound Imaging System — Part I:
Basic Principles," IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, vol. 43,
no. 1, pp. 131 -140, Jan. 1996); Shen et al., "A New Coded-Excitation Ultrasound Imaging System - Part
I1: Operator Design," IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, vol.
43, no. 1, pp. 141 -148, Jan. 1996); ¥ Shen et al., "Filter-Based Coded-Excitation System for High-

Speed Ultrasound Imaging," IEEE Transactions on Medical Imaging, vol. 17, no. 6, pp. 923-934, Dec.
1998)0ll A AFEH, olE BFE B WA Fnz ¥Idr),
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T RE a9d o7]e] #2(500)0] &= 12a0] =AIE] dvh). ve RE AYE of7] Alagolgk=s §of= &
A g el Aol EAEE/ sl ol P E(dZA, & 1229 g(t), &(t),...et)s BHe F4A

=S AT = A
2
o

o7 dFE E
HABG02)(d2A, =
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Alo] Ei= PEAE S5 AeE 5 v
gedd ggel Alo) ojulx HolE g olgalel W& AT & vk AL AT Aol < B}, 4
S HolElZt A wolEsh § olgd & A, WSl wlolEst & gt HelEe} # olgR F A
o, Aol olulA) dlojeje] qleje) th xgto] o gE 4 glvh.

HolHE & waEe AdS 93 AAEE AAd X8 AsE

Sk, = 20 ZEA]E w9} T Ao} o]H]A
= 20 gFel 379 ol Yutyow FA|HE) dh o]

& vehle (% Aol BAE SR )zske] A4E Su
k. F, old AR MAES A% Fk W/EE o Fo] AR Aol olnA HolHE olgste] A4H A
NESe] Vzse Bl £AAQ Am WAEY $5 AR AEe] AW(2F 34) o, WHEOE 59
A dMSON 5 AR WMAED daBde B4R ¥E 4 A 2 dAE AEse s zse] A
HE Aol oluA HolH: F4 A WAEES AWs] 98 AR Am AEES Wgsk: W Asd 5 9l
o dE Sol, a9@ HAE WREGENS olgsld] ouAL Fasel, duE $5 AR WAES 44
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ol Ao A &% AR HIFU F27F 4 H2 24 AMEE o, A7) o]n

o
5o dalel @ PR ATY 5 A A FES AEE

A (dzA, e EHoR & W S5

sl she) B AR e A FRES e 5 A

04 o]y AL o) 83l APAE SA(LH BHF ¥, dIE Fol T AR MAE(ARA, ofzlole ¥

Fol ERARA fa Azl gl gold ABAL AT A% 2o AA4 XA MAE)E e

U "ed AR ASES vehis R4S 3] 96 olnd ZaAa(ARA, SIF ov)E olgste] 24
P4 MEES olgate] (R4, £ 8bo) 2l 1-5e] AWE ule} go] skt olakel A5 AL ol

HAAg Aol @ EFA(EF 256)2 HAED 5 WH(ES 258), § EFAE HAES] fs(dzA,
FAA OE AR WAES HAESY] ) (24, = 8bo E}O 6-120 ¥ wpep o]) HAE EFA
C H

Ei dde] AE 4 Atk dE Sof, olMA(RA, SIF oW o] gatel, A
Sl mA, T5 dMEdd Leln A% Ex a9 AR dusddE Aa A% 717
HIFU A5 Wl 543 ge (24, 24 A5 28) 5453 tie], d8 5o &4 ¥AEs 2/
A EJNEE F sht ool d $4 EALE HHT S vk

Telg HAE S olul gl RA, STF o] 4)(E% 258) TRk ZAE Sl AHeE & k. g =
org dlolEl ol gatel, s} olye] EA EoAEe|Me] ojdle] EAY oH(G)ol AH EE o 5(IDw
O EAE 24T & ABRF 262). oSGl © 2 A%, (A, 52 == e A 24 ) s

o] A EAECA L ofgo] A o]5(Ge)ol H HA TRIE ol S(To)uy 2245 ZAAsk= A

e, s ol e A EECA L ool A ol5(Ge] A EIE o|S(I'pRY A & 4§
(55 262), © B2 oS Fdsto], (dzA, TF £ Zoha Ao sty ol e 4 EJAE tid A
Fe ASAL = dem(EF 264), AHF o5& Awshs EFAS AAs] Hdl M2 S4E
sto] HA3st EFAE0] vl sdE = Aol Bod ¢ JHES 256). PIRIHAR, (d2A, 55 &

2 o)) s ool AA ERIENA ] ofello] A o5 (G)ol ¢ A EJE o]5(T0)

o}
(RIES romt
A(2% 266), O BE olmAS FAe], (A, 58 E o2 A4 24 ) st oldel dA xQ
Eol Ug AGHES AZAY F Ao (25 260), st ool A EAEANA FAF o5& ATeE £
e A4 e e ZASS olgsle] AHn &TMSe] S s Way & ATHES

olm A 7wk HEALE 9T 9o HAE 9 Az @B aya 1% wuke] A& 7ZkE Zh= HIFU
Wl Wi & Suel olvA Yk wAS s 8StES wAE ¢ dnk. oA 77k AR AlEzd] Hig u
AE QAR w=Z AXS JbsdA @tk & 8cE d X2 AHE 39 BAIE vke} 22) 718 H oW A 1L
S b= Hamol wAE)d et w2 genES(dRA, 4% 2 =2 & 77D AA-sy] 98 da el
olm =] 7wk WA (400)9] ZEEES YETh

% geol EAE ol 2ol, E 8do] EAE AWHET tRo}, BA @ A EAESS Aelar] 9a SA o]
HAel o8 = er(hE 402), % Sa-shsh Aslatel WA vk B oA AW AFAYE S
S8 STF olulgo] o] 88 % UTH(EE 404). AT}, (=4, = 8de] 29l 1-70] A@E wish o)) ¢ A
QoA e A8, FEADN B8, R 04 24 BF U A we) Azl AEse 4 44 2 )
2450 g% ANewRy BAUDNAY EAx FEsh 248 5 RS 400), (2A, = 8d9]
§-120] A vlsh o)) ol & sl HuAe e RE(ARA, 510 ANE)H} A 4w o

o) A% 77he 2 ahg) AR Wol EH EAESoA] SIF olud W o WH Ay tiel olgm 4

(e} =]

govl, uetd Az Wl o 9 uel FHL s BHES 406).

7 ENRES
=
=

g 3 A 59, 7] 7149 £=(IIR)
7F ALk = oem(ESE 408), Ol% A5 Ze 39 @ AE AL 717k QIAIF AAE 7kl S ES
414). EE, o3& (dF B9, 27 B, & 9%, 35 o= Ad) 39 XNE 2% HIUF /EARY
Z A5l 7Hs3 Tﬂr(% 410) oH A8 2% W7l 7|y 37 @2 A (EF 410), 3¢ A5 e
BE7F S A(ES oAl STF olwj A3} gl Eo] ALE-FHo|(E= 406), AAXE 4 299 FAHS 7M53H
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(S5 408). ZEAIX400)= RO A Sl= SAS sl7bsks HA Z5 @M S4o] ojFofd

SEE AAE v w24 AA(S) A A @A The AR FAATE JANFR dojF = gtk o

ghol FAHM, (H59 HAER FA4H) A8 =% AF 7HE 24 St g fdets AR $8 EAES
S| )

L 8coll BN EEEE @9 ¥E, 53 sWES AEstar o fld gEAALSHE ddk AHE 5 ded
I ol olEe] WEoR <l Adold ¥y dEES A wielth., 3 el onX ruk gl XANL
% 8a-8be} #H3le] HWEH LAAE o83l dAE = glon, 9rix £FA HAEE (dF £,
M2D om| T SIF oA & o] &3k=) AAZF Wd ALS 2t

DMUAES % 8fd] EAH dugF o
4 AA(B)NA TEs dAA(E)E A
7

ATt ,
HAEnithe] A2 FF3F oHlES] A7 JAXEG Z A8 =de wizhx], dEx vl =
7I17bE 2t Bkl A WEo] XAXNA L A Frkste Ha oE e dA4 AMEE 5 Jdrh. B BE
olu| & o]&3te], HIFU ZHA oA 183 X85 He 74 u%oﬂﬁ % 53} %l%-% HESIAL, TAadslal B4
z SMIEE W o FZEC it F AR

se 5 vk old@ 1A, DA Ade
el T F olMESS] 4E % FhselN L{D

5458 5§57 e W olvid L @B %
A Bk TEER AH8E 5 At old@ mEdA,
% o olulA] tlolEl (i al=A Aol AlTA2)

o], & 8e®] H(430)°l UrEM HRo} gho], ¥4 e g A=
(55 432), SIF o|n]d2& &= 8a-8bs} J&ﬁfs}ﬂ Ay uiel o] olmA y\wk B XALE S8 bl
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(B5 438). & 59, N2 353t oWlES] 7hsAo] AF
e A" AR é*LA AAE 7hsshA o (ES 44). A =2
Q 39l A5 7hsAel A4 e dEEg B AS, AL o FAAES ¢ H2ES)E

‘4 IA~ o] Z7E A (EE 442), (B RE o|uA 3} AA St (E= 438) SIF o|v]A
HE0) (55 406) thA] A&t}

Y EAY ZEA A X|FF Hlo]E 9] o] I

o H3 oM
>
N

to ne
| I
o
i)
& i
X0,

o L

Tl vkel o, HEA AEEts EAEL EAAY olF EE X223 o o]E(DMIAE)S o83l H§
g om A ZIak BxEAY ZRA 2] AHA HAFo] FHEUAG(AE Eo], & 4bell EAIE wie} Zo], X5 H
o] Fof o3 FEAHoR AEE V|HE, dFE B 1 E A e AE Fe FIFE A5 24IE 9
gk HIAEA Vs YEdT) . ZRAILE DAES ovd 58& o]&std, X5 ¥ A= Y 535 %
S5ES AEHSY, 53 AAEAdA =E5S HasletdA xmHoAY A" HH <A7Hpower deposition)E
Ak, olElgh ojulR] Yk FEALLS 1A U 5T A EANAY ofule]l A WEHES FAA DMUA
9] ouA % A5 HARAE Alolo] ifr RS ol&grt.  olfg AP WE Agte HA3 FAE
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(et
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oft

duk oz A HWF At WAH Plexiglas 558 2= 4 29 28 [0.5 dB/(em - MHz) ]9 £E52
53 A 1 Mz 64-24 DMUAZ AME3FIth. DMUAE o]&3te] dojx & $4 EAX(SIF) oA Eo]
A HEAY AFEE A 2 2 EJNEEY oux] M HAHE 93] AFEHSIT. AE AFEL SIF
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) Wb s, 484 d¥AN zaAdsr BddA9 49 dslelNE fAE
PHE DT WE, S2 AABIAE § 2 AY < ﬂ

o oA, HIFU Wol o] oja] Hrdow Aust lws vel $FE, A% 5o 1 % AP FFE)

EHsto] glolA ol DMAES ool EAMel shdarh, oze 4 B= Aol Ese 1 FF e X

Az TQE U S HIFU WE bl % 4bo] £AS0] Uk, SEEe] P ndE wFS Aot
, ) . -

WA (FF o) 13 xAzNA AA
o 7tde HEH 95 & TV d¥ds Y dl
T WEo = Q3 A ARG AR =& F Ak, T fd 17“"“’\14 A dE5Ee] o 4
2 Qs 7FE EAE 7M1 ZA 4 dvk(Haken, et al., "Effect of mode conversion on ultrasonic heating
at tissue interfaces," J. Ultrasound Med., vol. 11, pp. 393-405, 1992 #=).

ﬂd
o
= rkﬁ

O:

B A A= mkeh 22 Al dE e :Lﬁﬂol’\?ﬂo‘ SA = SIF o|WAE25EH 5= 2

AES (=) AEte=x DMUAS] o] EL Ag Abelel i e o]tk ovA
]Eoﬂfﬂ T4 W 94 AetuEEe] ARSEER, 53 A9 —ir?éi]” x2 Fake] EAA = frasitt.
= AHE 9 mAHdA 9 DMA 84 AFHELS ‘?J =
A 8 5T ARSI dA 2IE AES] g
£ JESA ] A 7ke Hastetdr] FHolAM o] A4
7] 2= AlgE AAs ZAE dlldsh] A9 2E e ARE Aedv. 5 ool 7] HE=
Ak dlol s A7 g9 SIF om A& de v a3 Ad ZTaspds Atehs ol A", o] g Hx
E e SHdls 5= AARFEH U AR 53 fAdAM e A7 AHS Fole= Wl oMo fEAA
daelFe gl #g =S AEgi.

w4

== | 7= )

\\1‘1

flo

o,

el

rlr Hfl

€

<

=
=

DMUA olmd& <Al ZRAESA Y dY 1718 HAstel #ddsto] Al EUEES A 9 gx7d jlEe
T By Bl Fastt. A= & WAACdA AEEe H2HY and s |, 7L ol
STF olm7go] SIAl ERIES] thgh A= A7tell #3k 4 s=ws AFatr] wjitoltt. o3 YA 5=
o] Eg b 2keke 274 HAE sl sk ©d SIF T Algke] 85 AI7H(100-200 Flo] A= E) o]

A4 & k. oAe e ge A2 O (1 wez) e g BaE gde $0 9 ke s
@b, webd, A ZREZ dF owd = gl glo] 1Y HAZ BA F43 slsel st 8%
e olHd Aw AW SN A Ao Asst. olg@ olux kil AW A oy AsYES
A the Feel ouX kel ols] mAEA EahEE, 1 oolfi B WA AyHs oluA ek

ZAESAA 47 F

7F HIFU Wo] Ry 3 Alojel wdstel 2 31 19 F= o] dole] Ta3t o
2% e 5358 Agsty] etk ey, v N A ojw]A] okl AlAElEo] DMUAS] ARE- <
At AMEE F= Qlrt.

ol _digt olF B &9 ofFo] ¥, HIFU $8& 93 HI-1 -5 AE 7]<(Imasonic, Besanc
on, France) (Fleury, et al., "New piezocomposite transducers for therapeutic ultrasound," in Proc. 2nd
nt. Symp. Ther. Ultrasound, 2002, vol. 1, pp. 428-436 &Z)& o]&3te] 13 A (100 mm ¥H74) Aol 64-2
A 1FMHz A8 9% ooyt AA 2 AZzHACk. DMUA e ZHzhel 24 50 me] o] # 2.0 me] WX
ZE=th DMUA 982 oxd Xm 52 H=(Thx0F)olA of#le] XA o5& Hugslr] s 0.89 v
famer s 7FAT, (FFFE AlEHAS S8 Faixe) 2dlol¥ 2HES fFdsts SelA 1.33.30 M4

2 FHor AMEHEA, ThxOF W] EE ¥QJE] tha] AL Hojx 25 dB ofdlZ FAEth(Ebbini, et
al., "Dual-mode ultrasound phased arrays for image-guided surgery," Ultrason. Imag., vol. 28, pp. 201-

220, 2006; 2 Y. Wan and E. Ebbini, "Imaging with concave large-aperture therapeutic ultrasound arrays
using conventional synthetic-aperture beamforming " JEEE Trans. Ultrason., Ferroelectr.,Freq.Control,
vol. 55, no. 8, pp. 1705- 1718, Aug. 2008 #x). X & EZA, odol:= 1.1 Mz FA F35= F9
A 37% dEoR oF 60%e EEE Hu 250 W% Adst= o & e THEbbini, et al.. (2006) 3=).
o] gl AA o B, DMUAE 1.1 2 2.1 MizolM 270 F8 X Fo5E 7;; ol# 3k =4
52 Y. Wan and E. Ebbini, "Imaging with concave large— aperture therapeutic ultrasound arrays using
conventional synthetic—aperture beamforming," IEEE Trans. Ultrason.,Ferroelectr.,Freq.Control, vol.
55, no. 8, pp. 1705- 1718, Aug. 2008; % Simon, et al., "Combined ultrasound image guidance and
therapy using a therapeutic phased array," Med. Imag., vol. 3341, pp. 89-98, May 1998¢l A™ = =%7]9]
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£ oo g 7). DMUA &7] A" 1 MHzelA el F2 sbE(P) 3 A% 35 (C) S22 7Hedtl ot
<F7] RES 9 vy 32E o]&ste] AA % AxHAT. DMA HES Hﬂ Aol s 2 s HEES
AA87] 8] Spartan3 FPGA(XC3S200, Xilink, Inc., San Jose, CA)7F AF&Elch. @3 57 300 Mz
ZeolA FZske], °F 0.0067 Vo 2 1.2% JZ 2 94 gA=S 2+2) 7bs8kA 3,

DMUA 8452 tho]Z8A 9 4 64 & 29X (Tektronix, Beaverton, OR)E &3l £417] 2 417

Ak, HA/5417] (Panametrics 5800, GE, Fairfield, CT)7} &E 29X Jo] dAES F83=F HEHS
aL, A7) 20-Msample/s 23 WIE TJXE}o] A (E1437A, Agilent, Santa Clara, CA)oll H&HUth. J= A7
ZHES A, 3-2H oA YA Alx®Ele] FHE® 30-dB AA FE79 g4 FF71(INU00IA, NIR, Seattle,
WA)7F AF8-% k. 7]9+% MATLAB(Instrument Control Toolbox, Mathworks, Natick, MA)olA 7jite AZEY
o] & o]-&3te] AloJ = ATt

2 oo tid 54 EF. ASAH AL WHY AAALES 458 flete], = 9adll m=AlE npep 3ol
AlEH el A3 8] 16 mm o] AE 4719 A% Plexiglas 52(302)(F7 9.25 mm)S zte %27 v
(300)0] AAFEA}.  EF(300)> 90 mm 70 mm 65 mme] X5 7FAI, Nightingale, et al., "On the
feasibility of remote palpation using acoustic radiation force," J. Acoust. Soc. Amer., vol. 110, pp.
625-634, Jul. 2001004 At== whe} o] Agtd, FFEF2L e, 5, 229 9 S22 AxH A
2o 728k [0.45 dB/(MHz em)] 2=9F A WA ZA o] &¥ATt. w ﬂ% A8E olu| gt Agdh=
g AREEE 1D 64-224 of#lele] AF=E s 2Dt} 1.5 mn #HAe YyEs D% (needle
thermocouple)(304) (OMEGA Engineering, Stamford, CT)©] DMUA(306)¢] ThxOF W& ZA o2 AFEEHUL, F7}
ARl 1.5 m UE 288 (E)e] AEdHeIAR §2 W 5=(5) Ao wiAHATG. 4% 5452 vold
Y5 §9(34970A, Agilent, Santa Clara, CA)S o]&3te] 200 Hzo] &%= aJaxlt}.

B oo dig o|mA] FA. P B RE ofux]Ee] SA W F4 = SIF ojn AL o]&ste] FAEA.  SIF
oA EL o] deolr A= AMAS olgste] HEAY FardlFe o8 A5l Hshxirt.
a

D A i olv A RS B A w4 2AEE ©]

o
2y
s
)

e F SA 7]s& o83t SA omAEe] ¢
o} Z (K. Thomenius, "Evolution of ultrasound beamformers," in Proc. IEEE Ultrason. Symp., 1996, pp.
1615- 1622 Fx).  SA olW[A[EL 9] Foixl olflolmRHe Hi FH T olwA] Atolo] itk
(Thomenius, (1996) Z=x). zZtzte] FHA HX2REY o]z AFZE Yao, et al., "Enhanced lesion
visualization in image-guided noninvasive surgery with ultrasound phased arrays," in Proc. 23rd Annu.
nt. Conf. IEEE Eng, Med. Biol. Soc., Oct. 2001, vol. 3, pp. 2492-2495¢]] A™ % n}e} o] AAkz).

914 1

AZIA, & &Fol, A F BiE 47 $4 2 F4l FEF3)(apodization) 7FEA0)aL, R,

2 FA QAT RNE ouA] FHAP)ZAA L AgelH, s (t)= &4 iE ol&ste] FAL w a4 jol o

2) 9 FA ETAL oA SIF o|m AL kA 19 A wHdoln, oA ou L ek Fr wlEelA
SR ol ZALRAM A2SE 0 WA 2 Abo]l2] A& 7IRh) AR RS o]&ste] FyHE Y. DMUA o]n A
Aloks Eal 2D olmAE FAsk] flel, A Al EAAC] o] &HM, ol #dF 29 FgolM A7 M
of ojm el P}, old ojv]H = hHF ek Sl HIFU ¥l A= o] ZshAl Atesh=
SAE(EA, W) AZASHH 7hed 543H)E hestA @k, ol X HIFU We] A8 Hel et 2
AEAA A8 BFES A A% ojvd WS ATtk SIF ojw| A5l g ofm#] &4 WAg4S o
3 2
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[0179]

[0180]

[0181]

SEE0l 10-1875203
784 2

64
Ryp + Rjp
I(zp,2p) = > Bjsj [Mw” - ”]

4714, s 8% jolAe 44 HEela, Ryt Al7E t=0014] STFe] 4% siwle] @l olxeh W4l p Apole]

Az Aol RE thE F5e 4 1 U9 159 feEE A,

B do] ge 434 A¥AY SuPE MA. B B ox BA U A TS5 A4S A we
A

AeA AR BAL 54 TJAE(E)NMY ool BE o5 TT'g HAustel: du, <

s AT

rok
&

Al EJEES] AHE AA TC @i=12... M. =5 H4slsls Aolth, o] ZAE Lagrange ¢4 T 9A-Y
(pseudo-inverse) YW (E. Ebbini, "Deep localized hyperthermia with ultrasound phased arrays using the
pseudoinverse pattern synthesis method," Ph.D. dissertation, Univ. Illinois, Urbana, 1990 %)% o]&
st FEIE HAiA-v AL AT £FAHBotros, et al., "Two-step hybrid virtual array- ray (var)
technique for focusing through the rib cage," IEEE Trans: Ultrason., Ferroelectr., Freq. Control, vol.
45, no. 4, pp. 989-1000, Jul. 1998 F=x)E& ol&ste sidd + v HAZ A7 €. A3} FAE
AL NS, A R DA EAEAND 88 ATYEE Yobol T lAE DL M o
Aol Mol shE Aol tigt (AE £, °]4 7t HFINE = BAE A 2d glo
CoagA Rt et oM@ ARHEE AR 999l ST EL Sh eHAEE 9L o 8L 1
94 sl 249 5 ot oldw Wmard, odel Agy wes A (TT) o
2, Noll 9]3}e] N-8.4 ofelo]ZHE %

hy = [hi(77), he(P7), . .., hiy (Fr)]

A R, o] Ho] 2HE ZH7he] A AR WMEE hie of#He] A WEE o PRt @Y H
= QA AR ERRE od NeEe Yot

F54 4

h; = [k (7 (2)), ha(Te (4)), .. .. hn (To (2))]

N B s et 2ol A A MHEe) @Y @ A48 AeE 315 sehg 2 ol gt 34
.
84 5

We = [HgHo +1)”

y o A9 Hol Solgt w3l A& =AZ(nonzero) Solgtolrt. o)A v o] 7t5H HA w &

Tl o HH 53 ool o7] WEE fEd).
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m AP old@ A EAEE Azl W3t o7l MEE 27 A 4 60 AgHAG. oldF o]
MEES Abgstel, Am Joe 6719 SIF oM AS HASstel, A47e] 5 WEel Yeks HF o WAE
o) WHES Z4SY. YR, A% 4-s AN BEAA Foldt o7 MESEe] HgHn, BH 2
SgelAe AHe ew ZRsede] /SHG. ARG 54 AN EAYNA Fold HIFU WE
2 Abgate domny WAk 24 FolRolAe A Qe Ha/Fvtl B8 sEwe AFsy) A
SIF olm 4 o] Abgel /bsde UFaArh. oled Wrme A wudoltt, oF o, 6749l SIF ol
A B ok 000 vhelaRx o] Pold Atk A& W FH @ oA A Hedol/aZENAE ol
B AAE A (94 TARANS AL AN DIk dEoA AN 39 A DAy Busied) )

T HEg s deate Zlo] sbeattt. o3l Ag TREZ tiE] Atad a3E 7hd Aloln,

Ag xstale AN A8 AAE A3 7HsskAl & Aot

£ do dist 33 A= B3t 559 EAA Aelst HIFU of7] WS g 55 9 14 JuEdA
o &% d= ZRadEe] Ay A 3 fxAY sy sFEd dig F71E0 FEe] AFTHAG
ol 37| dl, = 4boll EAIE upel o], A~#HE G BF EA §lol, DMUAY A SEE°] s
Atk UE ZFVE AR, (DNUARNE = o) 525 vtz HolA 283 7k2=7b AAE E(4F47F 3ppn
SaE) H9 14 HHdA Zr Z2adES AT, 39 HIFU ®1, & 1) 7Istgtd ez A% H Wl
(0, 100): 2) A 6 ol&shs AeAom 2745 W % 3) BA XA DMA 84252 FH 5% 4852
SAToEN AL Y T EFHAE AMRSIGT. S TS FH EQECA ode] o5 Huslete
T2k i e &£FHo|th(Seip, et al., "Dynamic focusing in ultrasound hyperthermia treatments using

implantable hydrophone arrays," IEEE Trans. Ultrason., Ferroelectr., Freq. Control, vol. 41, no. 5,
pp. 706-713, Sep. 1994 Fx). ol FAHL F4 XA A DMA &4 AFHES FHs= Aol AT
3ith, o] AL o) He] AetE AIZF whA £FA o W 57}olti(Aubry, et al., "Transcostal high- intensity-
focused ultrasound: Ex vivo adaptive focusing feasibility study," Phys. Med. Biol., vol. 53, pp. 2937-
2951, 2008; M. Fink, "Time reversal of ultrasonic fields. I. basic principles," IEEE Trans. Ultrason.,
Ferroelectr., Freq. Control, vol. 39, no. 5, pp. 555- 566, Sep. 1992; Wu, et al., "Time reversal of
ultrasonic fields. II. Experimental results," IEEE Trans. Ultrason., Ferroelectr., Freq. Control, vol.
39, no. 5, pp. 567-578, Sep. 1992; and Prada, et al., "The iterative time reversal process: Analysis
of the convergence," J Acoust. Soc. Amer., vol. 95, pp. 62-71, 1995 ). o] &£FAHL B wA XA
Ay UEAY BAl) U@ EEomd 4UY & b, ol of &FMe] (54 oleel FeE) EA
A4 ool AP T FEE AN T whielet.

i

= 9gi= Mol TE FEel W ol Ao dasS yEhith. = 9gad VISR EAJE HIFU 3
(da), Aexer gzAdE HIFU W(HAD) 2 93 3o dxA4d= HIFU B3 i)l oigh =42~ 3
AE Zeidsd vehith. OMUAZRE & 9) 535 Hi2 Foxe] Fk Z23dee L 9gbell EAH o
vk, EE HEe ZAx FudA el vaetdor TAYE HIFU el w3 Zxe] dis) Aqfstdct. A
SHeR PEAdE HIFU W 2 917 &9 227145 HIFU ¥ gA= DMUARS] 5 de A3 g gt =
Az AEg A0 2w S7MARINE A & F Qdth olAE 5359 aded nAshs AR ool o5
otk 2709 HeAdE W LRI Abelo] HlaE ofF ke AwkA A& HY Bwt oy}, ok 1)
53 Apolse vepdy. FAM SR, ' 9gac] WAlE wheh o], HeAHoR EAYH HIFU W mAelA
TAYE AES AT QoA 53hael | s vk, 91 o) fEAYE HIFU e 535E 9
HaA o BE B 4SS hestl s AR B, Adold EAN duFeR [IF 53 PR
ol A A Lx5E 525 A 545 BT MdS AastetiA 2444 A48 A8 $8 IJEE
@Ashs o WA wasojop gtp. R wAlMelA dEe Ao AL A d AAde 52
& AE PE HxstEolof sk A FRERA AFste A vlxsi, mEd S50es 87 Al
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5 A A8 9 WY olmA MRS olgdtel HIFU &4 B¢ Wd 24 R B7E 5 A
b, DMUA olm e At Atdbets 259 EAlstellA HIFU WEs 2lEAdste v 283 v=we &
Hy o 1 =

I8 7% AdE AR o

2, HIFU ®le] g dig M# 229 Frte Agdnt. ol =l DMUAEC] tHd ovd % A8 =
FAE Atolo] a4 Aoz s FEath(ed=A, HFFH olmA M FEd Alwshs vl fF&stth).
2277 TeA oMo d G5t vo]H o AL of

FEohs vkeh o], e A 253 o ole] 7t HEEe] AR A F AlE A7 Al=Ee] Al
sET. dutdeom, AAER2 VM e et 2 WJ Aol7k 7bsd 1 MHz 64 &4 oldlo] @ & A
AAE AR, e FE Y el FEE AARE 2D 2k o AlxEs FiEn. 2= Ao
FEESY AREL 25 AA FUEE 9 Ao}y qua}UlEi W A AU RFE] B BE Qh ovAlE
ol e, Z4zhe] IJECAMY] e O IJECAMY] ¥AA FEE AAste SHA v, AE Y
HE(PID) Aef7lel ofsf Aot HAO v X2 PSS A5t Aol EJAESNA = 7t H|
S AT ATl Az Alo] EJAECA ke 2Rl =3 W ¥ ﬁ%3i$3 AzE Atold

T, Z4ze] Ao} EQIECA obE]-9kel =

A ofdlo] AEINES BF EAL ANEAAY A DS £FE D A6e] B vSF duel g3
%A Aol E AFHT. ol Am Azkel 2, EA BFel U@ AR AUS NN Fa8, oF ¥
of Bie) na 58 xPet A Ame oiAe] Be M FUEL 2evh A4 ofele] TEAEE
Fe A1 AB A AT o) el G AUEL Delx AAER FA Aol@ & A, TEAE B
2 OARE SRS g EE B D AR SREES 2 AN 2R Ao SuYFES olgs], I Am
of glolA §1g olelel Y1%e] FRA FAPL APAY. G, A WABHL BEAY] Slst], 2m
PZe A BF U9 L% WaE 545 A% WAE PHe ol

ge 293 L% 7% WSl o8® 4 At dE Hol, AW sy @ wWe weln Azl f5(GReP
D& olgste] WAoo PARE 29 24 Ju Yol o §d & Atk Ah, 64 24 o)F BE 3
&3} o2l (DNUY) Aol AAZE Aozt g & QT dE R

off JZ off
N m1o
N
off
_O|L
X
i)
g Ay
N 30
=
=
i
II
i
>
)
Y

o] dolA MAru= uiel o], tF AL 7 HHEe] AW ES ol&sts ovA okl 4 A8 AE&S
AR 253k G ool Alxdo] AgdEd. EF, te ¥7A VM dRES Axse Us EAEUT 2
Az) Aol dagFo] AFHE. 53], A EJAE EGA|9] Aol A IRIEE Atolo] FA dE AT
Fo] 7ol AidErt.  (AdelA AREHEE) A =F B (HAl ARAM ARREE) B =E Us 7S T
HE9 dEo] Alesa, o]&e A &8&E0] Adnt.

ofell _tH3gt AF A, = 10ac] mAE AFe] of el thaf o 7] A Zﬂ%ﬂ% Aass Adshs o AHH

St vl W o EoAs sl AEES AR 919 1Mk 64 8k E8at 94 olelol(50)7h A
t}(Imasonic, Inc., Voray sur 10gnon, France). Nightingale %9 "On the feasibility of remote

palpation using acoustic radiation force"(J Acoust. Soc. Amer., vol. 110, pp. 625-634, Jul. 2001)¢] A
WE Aol weh AlxE 22 =y Rg3s2)e] AoE AEHAT. ohll B P LR 1Be A% 28
oA ES H5E7] 98] Ad ofylo] ojmA ZRH(354)(LAI4-5)7F AFEEATE.  odle] 71 TH Eo|
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H8d

EaYF 2 oHA gk ug 4 g

1: procedure ESTIMATE FocaL INTENSITY (/) IN SITU(Héj),Hg),ug?t)

2 Run the driver to generate uffp)t at low power (e.g. using Py. = 5 - 10%
of maximum DC supply power)

3 Evaluate the Intensity Gain

. ungtWTUfopt
Gp = T
U optWopt

4: Estimate average surface intensity, lsur foce — 74 /Area, where n is the
efficiency and Area is the surface area of the DMUA.

5 Estimate Focal Intensity at Target Points using H. ¥ Uopr = P

6: From STF images, estimate focal intensity at each target point (account-
ing for attenuation and reflection in the path of the HIFU beam)

7: end procedure

8: procedure SUB-THERAPEUTIC HIFU wiTH STF(uEQt,[q.,,b)

9 Run sequence of therapy bursts and STFE images as shown in Figure 3.

10: Perform strain imaging using STEF or M2D-mode echo data.

11: Estimate Initial Heating Rate based on approximate tissue properties
(e.g. speed of sound, absorption, etc.)

12: end procedure
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1

2:

=1

10:
11:
12:
13:

@ -

: procedure ESTIMATE FOCAL PRESSURE (pr) IN SITIJ(H¥)7Hg),qut )

Run the driver to generate uggt at low power (e.g. using Py, = 5- 10%
of maximum DC supply power) and short (sub-millisecond) duration

Estimate average surface intensity, Tour foce = 11Pac/Area, where 5 is the
efficiency and Area is the surface area of the DMUA.

Estimate the particle velocity at the surface of each\ DMUA element.

Estimate Peak Pressure at Target Points using H;”uopt = pr.

From STF images, estimate focal peak pressure at each target point
{(accounting for attenuation and reflection in the path of the HIFU beam)
. end procedure

..
(@

: procedure SUB-THERAPEUTIC HIFU wITH STF(uop)t,psub)
Run sequence of therapy bursts and STF images as shown in Figure 3.
Perform QB-mode using STF or M2D-mode echo data.
Detect, localize, and characterize cavitation events from QB-mode data.
Compute Probability of New Cavitation Events per HIFU burst.

end procedure
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