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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; % 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 #=).
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Eng. Med. Biol. Mag., vol. 15, no. 6, pp. 83-92, Nov./Dec. 1996 #=x). ¢t MRI %2 %S9E ALE3E=
ol %] ot (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 X8 =424 ¢ Hol ¥
obsolAl s, @A, HIFU: Abg <5 B dgAdere] Azel ARgst== dAAANA gk, HIFU
e A 2% A5E A% 9IS Z2H(probe) B AHAE T5H ERwAE AT OEA 4 9
29 xANE W HA Q=S ZFA=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).

Az /2 B, Aw AAE BASSR, HIFU W9 42 Dol A 2xe) ReHel eael e WA
A

4
7k WoAelth, L% A RIZE AF FHFE)
%

9
R
x
()

sUEse o AgEYa, 28k AR HIFU ARE ehysts o 9l 3
A% QEH At

=
o] 4 HIFU Al=8ES Had B2 fuu.s 2o(SH
gd o4 "9 (dEF AEFEE) ode]l EdawAE & vt @A AR
ojglo] EMXFAES HIFU W9 A= Yol 27 oldd s nists F7H4
9l AH"S AFstc}(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; % Aubry, et al., "Transcostal high- intensity-focused ultrasound: Ex vivo adaptive focusing
feasibility study," Phys. Med. Biol, vol. 53, pp. 2937-2951, 2008 %}=).

ojglo] 84Ee] A7) 9 EXo wel, 245 tiF 5 NS F Y/EE 94 BAAS ol &5k, 27
Akl EAAlGl BA e HIFU W& SEZALT 5 dvk. B2, o3 27 Fakd gist AR7 2254 A
=4 E= FREve AqEs JHEEn. oEe AE FASe ¢ A WS dAAE XA CT(computed
tomography) = MRI ¥4 dlo|HAESRFHO % dein|eEel] 7|Zete &3 Avte] 3D 4 RAgS
o]83l= Zo|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 #t=x). o]¥

HIFU RE9 A0S A8l ARJMHAAAT, o] F3g Hi 7|35 WY FY5S 243 wos Agd
WA E 7 otk dIto®A], o] Jhed HFVIES ol&ete], A e 1 ZHAA o] AT
Ae SAaL, A o e AR v sl 7]xste] WS 2 EALE & Avk(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
+F AXEse] I 2k AAMER 3 F Jde 1Y ool EANE A ARJFHAG.

@ Aoge AT 59

ur

o If

FH o, A8 HIFUS] o]mA] hl &85 s olF B Z57 ofdlo](DMUA) Al=RES] o] == o] gt
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
visualization of thermal lesions," 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,

et al., "Dual-mode ultrasound phased arrays for image-guided surgery," Ultrason. Imag., vol. 28, pp.
201-220, 2006 FHE). YA-F AR EA2FA 7] FAL ovFel AP 4YI W Yo A
2o A3t ndE PAES AT F U EWAFTAELS AFsAtH(Fleury, et al., "New piezocomposite

transducers for therapeutic ultrasound," in Proc. 2nd Int. Symp. Ther. Ultrasound, 2002, vol. 1, pp.
428-436 F%). U, FA-BEF AR /&S ond BE 2 AR BE wEA o oF b5 8k 2
W AEES freste 23S S wa AFE 2ke oldlo] 84S ATt Am AYS 8 Eodd HA
st ¥ (prototype) DMUAS] olm#] FHS JHdst7] §3 o Aol A=A (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]&<&
AE A7 Fo el AEZAQ olu A (Simon, et al., "Combined ultrasound image guidance and therapy
using a therapeutic phased array," SPIEMed. Imag., vol. 3341, pp. 89-98, May 1998 #=); % g 7|+
(SA) 2 & AL EAXA(SIF) ovAS o]gst= dHJl2E HHEE(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} 2 u]AE 2% 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 *z), 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 °JAF o LEH I} tlEo] 9¥ ol7](excitation)E o]&dt= FHWF 3
=9 A =9 #&¥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 #x)E ¥ 3tsit},

T2EC 9% HIFU Yo 7badh gy ddE EAE0] BHd e F44d3 A|:
ZAE(d2AM, T FFES EH3E

HIFUE= o818k x5 WAl o 4

A7 g A& A AR WEYg I AR A =
g 4 gAw, dEAQ HIFU Z2EZ(4 A, HIFU B89 ZTA~ 949 U 27E dASY ¥
ol gdM= 2-3 AHS Hag g & 3t
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A8 HIFUS] vFE 485 A% ks 7sso] =oEidnt. dE 5o, 283 752 -5 A= o
do] EW;NAFA 7]%(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 AETIES ts AL AXEAAY FA DS Edtete 7HE "ol gk vSH w3t
2 A 7F Ao]E A F-3CH(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]zl & Axe dojA B FAA FHES zE=vh(Ebbini, et al.,
"Dual- mode ultrasound arrays for image-guided surgery," Ultrasonic Imaging, vol. 28, pp. 65 - 82,
Apr. 2006 #=).
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5 Teo A4 42 589 3 #H=E 4 Jvh(Salomir, et al. (2000); and Vanne and Hynynen (2003)
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(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, wvol. 52, no. 5, pp. 1005-1015, NOV 2004; Sun, et al.,
"Adaptive real-time closed-loop temperature control for wultrasound hyperthermia using magnetic
resonance thermometry," CONCEPTS IN MAGNETIC RESONANCE PART B-MAGNETIC RESONANCE ENGINEERING, vol.
27B, no. 1, pp. 51-63, OCT 2005; 2 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 #=).

S &% 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 #=*)& &%, #5%F 7| HFH(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)% AWEACE. th59] 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,
"Noninvasive temperature estimation in tissue via ultrasound echo shifts. Part I. Theoretical model,"
The Journal of the Acoustical Society of America, vol. 100, pp. 2514- 2521, 1996; % Arthur, et al.,
"In vivo change in ultrasonic backscattered energy with temperature in motion—compensated images,"
INTERNATIONAL JOURNAL OF HYPERTHERMIA, vol. 24, no. 5, pp. 389-398, 2008 %=).
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FH)o) EAll o) Ak, DMUAZE AAEW, o]i= DMUA®] A& F2 E=(ThxOF) 3 DMUAS] o]w]Z Alef
(IxFOV)ell o) S4dstert. & 5o, Fu & due] ARE 93 3.5 MHzel A &#ehs 32-8.4
DMUAE 29] 718keta FA4 F9oll FU3o® 1.6 em 28 SWOR 0.8 emits A8 B 3749 ThxOF
& 7Fd 9 9lvk. DMUAS] IxFOV<= DMUAS| ThxOFe] =71e] Ae| 28l 4= lvk. =3k, o5 5o, Ebbini et
al. (Ultrasonic Imaging, 2006)°l=, 1 MHzel* &#at= the DMUA o] AwHe] glow, o= fFiete]
AGol AR Zhsett(eE Eol, @d &alelx Hitsith). ol 64-84 F ofdlol HWEF AS 5 cm
2S5 A4 3 ens 2be BRY @4 ThaOF 9 22 A719) dfef 2wl IxFOVE Zhett,

Sht ol agel AAelol A, et ofelolEe thE ojdlolEurt e sht ol olojg 4 £ k. g
Fof, sht olge] AAdlN, EAAFA ofdelt bl AwmyE Ed 9o nFs S3E A
S8 Thel gl ATE 2 ATRESE 0% EAAFAL 4 otk Aolw shtel &9l ATFE B
g Fol, ¥)e] A= B W= E A ouAE s AF ofelel m 9 ojdlo] REAA AHgE £
EQsfAe] FE/E 57 2S5 ol gl tl s ATE TRAES AW & Avh. 2z a9
ATE AR = olael ofelo]d 4 gtk

dE So], tldg ojglols W 19 % Zo] Ebbini, et al., "Dual-Mode Ultrasound Phased Arrays for
Image-Guided Surgery," Ultrasound Imaging, vol. 28, pp. 65-82 (2006); ® Wan et al., "Imaging with
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Concave Large—Aperture Therapeutic Ultrasound Arrays Using Conventional Synthetic— Aperture
Beamforming," IEEE Transactions on Ultrasound, Ferroelectrics, and Frequency Control, vol. 55, no. 8,
pp. 1705-1718 (August 2008)°l AW=o] glom o5 KH5F B WA Fiu= kg Er).

A5 A olE(AZA, olF R L3 ofFo](122))2 FHHoR 531, 1000 o/ AL 7|stehd 2
A o5& AFE HE LS ZETH. A3 HAAE A8 4 ofdels 19 A5 54 FE=(Thx0F)o
&l AoHEtH(Ebbini et al. (2006) F*). ThxOFE (dE Eo], Ax Z=ZFH F7 2 thsh) oy
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HAE (B4HoR 2 8AES aFeh:) el U@ Bedd (BYHo o 4o 225 aTa)
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54 53 ge te Aysd od At A &8 gEe Ad S48 Lsa-3n W9 v 8k A%
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Az 2 Fel9) e BF ol MAGH £42 PYHY) AW Aw TREIEL AT & AP £
A BF NS FES WEE 24 059 £l w94 T AHIAY, o] Bel £FY & At
298 ENARA 8459 odolE ogdd ARE +AT W, td AeSe] =3 AA WA FE
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EF, HIFU wZo] 08 22 S 5488 98] DA o2 delge] Az o

Sl e Shmelel % AXESe] EAEEC A8E & AT, dF o), Az A

4 SENS olgshs ALgA He) Alo] HAES Jxshe WA PEAY/ AT
Agolg DIUA AYE ol Az o] %Y A4S olgse UF AY FE7

Fg olr)y HEES olgdtel, A U 9] Am dAWE WFo|N HIF-%24 JEH4EE
KN =2
=

=4
H #Ad & AT dAd, a9 o mes

DMUAE S o]&3l= ZHEHQl olnA o] =

(fractional bandwidth) 2 fomper T X3 A2FF JPHES 2k HA-om 283} o
(Wan and Ebbini (2008) &FZ). Y4y, &2H9 DMUA FA(H=ZEA, =5 v D fime, 84 I7] E 714
2 Fie 2 B d9E 5)9 AS, DMUAE 19 ThxOFE AWstaL ol& do] gste oA Aok
(IxFOV) & Zrerh, IxFOVE odlo] XA o5& ABEgo=a o 449 4 k. gy, DMAES =¥=
EAEL 9 dHY 758 dE8stowH 7 T UTE. DMUA Hx-ol3 dlolHE Yoo vE ond o
do]|ZHE 2] Ha-ox HolHe EAES 7% Ao o W Fuge 9 o g2 73 gigE o
olo] Yk f e, HlUAH T 84 XFE S5 WPt uwEhA], DMUA oW RIE9] F42 A& A L AT
A ol o] g 93 MAE 5 Urk. gFY, AgE B gg9EZdn Esta, ZdE o7& o] &35k

DMUAS] 2% o] &5 2 33 d=EE
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©
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anii——

k 2
rgrye a4 AAE Adsn, 0% Ed
3 ot webd, BEF RE 7YH 7]t DIAEE o
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s AH e fa) AgHE 545
Q@4 Aol A M we A

/34
& g loem, I 29 S Jdsta, (dzA,

Fe, o BE 3dE orje dite 24 9X(EE vF A AHEE o fXE)AMY AN a8

Aol e = vk Ful stge] x4 AAelA FAEE 5 Jem, o] A 1o Fuke HEES
o ool ofel] AAEa =AY el os FAsE = AFEs Ze BE(pillbox) (=

A, B4 UolA 234 o2 (coherently) AR, o] EBF welA, W

2o FibllA FRE] FEE W A nzHE A SR (incoherently) FAFE 4 vk, o3 ool XA

oj5E5°] 159 B Fyg deEERyY 4 A I

oA 50, & HAAA AysE ojny Wy g/EE AxElEY AAEl AHEE e ZHE 97 2
Suo] sl olabe]l AW dlEo] 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)oll A AlFEH, ol BFe B Ao Huz zstdrc),
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% me 399 97)9) $2H50000] % 12a0] EAHC] rh). thE RE 39 o]7] Axdele gol X
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7o) FE3 o4 IAL EQNEE AT 4=l dE 59, o|Z S Ebbini and Cain, "Multiple-focus
ultrasound phased array pattern synthesis - Optimal driving signal distributions for hyperthermia,"
IEEE TRANSACTIONS ON ULTRASONICS FERROELECTRICS AND FREQUENCY CONTROL, vol. 36, no. 5, pp. 540-548,
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JaiEs sa8 & Jn, AdE ARE AR WD JEANS A4S 8 488 & dov, TE)
REE T

(12D E A$E 5 AR (138)(d2A, AF ANTE)o] A"

il

tH
rol
ox
K3
rol
K3
=)
o
o
[
il
tlo
cfo
piy
-
w
<
¢}

ol
2
_{

O::
i

o WA olu AL AgAAA AT 5
wAE 4 k. wd, A, FRE(
E 54 o]u)A] dlelEsh e e

L 7ie olMAES ¥t d A shte ARl ZRAZ(270)E UYEAY, S st=elol(dl2A,
WA 9 2EEdel (A, olnA B4) ANERE soluels ojuge] AYe tehdrh 3ol
BH= omx|(272)F FAdt7] flste], WA SfolHe= ojwH Wl AlF2(274)7F AAET. o, N A
ele] 274 Aol ta, F ANS kel EelrAsk £ Aolth AW T A 2l a(l <= n <= )
g5, Al @2 EflA@n-1)E 7242 B B onAy e HAE HEIEE SonixRP TAE EFAY
gok. A2 2l EYA@n)el e, SonixRP A= J&HES FAT slolw, DMUTE AHd 2dd A~ sidls
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ojgste] HAE HFTTE.  SonixRP FAIZIE & #l EYAEREEH o3 dHolEE SR, Slolr=
o|m A (272) & 63**0}71 Asted, WA Zd oHE]ZYA(278)E ol &35t FA Tl wlolE(276)E TIUH
s, & S(ZYd 1) 9 A5 gJAE(EZdd 2)& 238k 2719 RF ZH9(280) & FA33t. =
g9 15 Fod BPF(E}L e 1)(281) & HE|Hste] #3742 B 2= <>1HIX1(283)§L sk, ZH9 28 §
e BPF(EF] ¥ 2)(282)2 HEHEta {0 T 2f0(7]A, 02 F4 Fa5d)dd S48 24 dto ¥ &
Heo] olmx|(284)E AT 279 FAE o]m x| (283, 284)F %%(oﬂ]i*i, ot &3 stojH =
oA E P gttt

ol
ol
£

% 1o EAE Hhsh gol, F7HA Aw FA(20)E sht ol oldt e ATHES o] e Fash
o AbgE 4 ek A, FhHe A9 gAE0)E An B2E9] AVEYE B4ss B Yoy
g A7) 9% 2AE LFY 5+ A dF Bol, B gAAelN AYHE omge dwdow (4%
of, olvld HAES AHSE 1 ABA LES FAHE) DT ojdlel(22)F o] §3te] FAHAW, e
AR AR A25e] A§oRTH WASE Ar-olm HolgE FAsk: d AgE & vk oF Bof, @
s olz HolEE ek dl AHEE (A=A, DT oldlel(22) = E #ele) MM A7 = 10a0] =AH
of glom, o7|A ojuy H2E2 DMUT o#l¢](350)& o] &ste] A=z, IJ=HE dAsts 2 o3 g9
B 49 olele] omg Zzr(sad od AART. Aol qel@ Fgel AW AR L@ volHE
AASE W AR F Atk A4S A4 Aol

N8 WaEe] A9RRE WASE 42 om dolHE AXst: A%, Teld AN dolHt X4 XA
N8 Wel EAY FAL BASeE W A8 + Atk oRe AZH JEue FYsA o)F Aol Al
Fatol, oAk Awd Aol bg e A AL FE oA AsE £ At E 7jel mAE ARz W
A9 WAL olgsts 1% WY oY) Hgowry A8 W o FFH oA} dojd & k.
& Bol, AALQM)E 39 EdA FoA oug clubolzd] g 209 EelAZ DWUTel e shvpe] £
A A EE Tl B ehel dlA o= velHE ARG wAR & vk, olny A Al 24
H5e dE Fol 400 mlelAmEwE Wold & ATk, el dlmE (AF Bol, ® 7fe] mAE vhe} ge
828 o galo) A Wx 2ANA AeEo], Ak delAe] AR W(A2A, D BF B2 OF
4 AN 24 g9o BH EAz0INY 24 WS AT 5 Ark. OIeRA, (B BE o]nge HE
stef, AE WomREY Fe A% V7o MAEERRE WAS: $EI BFS S4HT & Aok, Aued
o2, Houdls ouYE AL U 4T A9 I L #E 34 A H%i :

R, oj#ol(122)¢] 259 EdATA 248 Z7he Azbe] a4 gk telEg A (125)(dE £, 157
(124)8} ofelle](122) Abe] # wlol® 43 (123)+ 01(122) Atele] AZE(dz2A, A& % 89 A8 Ao
)9 A%S dysty] A7 golE9A e 292D E Edsks Aol Al s Al=®E(110)9] ye Aol A
g2 g Ak =, ofdol(122)®e)/=5He vF A Aoyt 7EE 5 Adnk. dE Eo, A/D HEIEY
ofglo]l7} (& 5o, 1l ¥Al, W&7F to] EdAFA 24 5o dAR) ofg](122)2] EWLFA
a5l A 4 A, A8 B2 Bk ofeoleAe] AT HEEE o BES e Wil wkd, ojuF
T2F Eeke ofgolelAe] AT HEES 3 b, dolEEA e st o]
Tl vE ARG 7@ 4 o

A& B0, (dF &9, of#e](122)2] EMFTA 249} AJ2wle] YmX] rte]e] Z}zhel Ao Ao 233

shte] dA] Al tholZ e A (125)7F & 7g-7icl ZAlH L, o]& Fxd}]

Ao EYAFA Y Q7IEE mHgozRE A/D HIE =

2 A% B F JRF sk Aotk DT thelZ A 449 zd

o] Al gt 04]# So], oJgol(122)9 FU EA

DMUT tho]ZP9A = FAEE 2dY AsE(5, A=

TAE (7 AelaRx %OJUJ A&=E) -G "o F7) Alel st ,

o] ¢Jojo] AXUEEC] HA dyA Fog AT Aolrtk. DMUIE - 71 HAEE(AE 50, 1000 #lo]=
Fob WHEEE 500 wlolA R AR MAE, 5 50% wH AelE 1k PRE)S AEE 4 Ao, waba thol

ko

)
e o
[m
1o,
o
do
)
e,
4
%0,
o

=z aul
EUME Ted AEES Aol gk, B4, AEA A9 EALFARG 2 DT 8k A7)E ofvy
B SAHE omEe] Mwd 2 AL BT F AvkE AL Uk WA AW ERLFARLY
o s @A F WIRE W2 o 93 AY FFS YT 5 AT, DUTE Y A oA o
4 BE 92 0 939 d2Ee A 5 3
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A7, olRe d e RS domE FuF AAY war. e}, oAL dmHo] AEH AW Unpol
20 e o AYNE A 8Te. AW, wx & DIYREQ AYEL 2T A, % 7ol =
9 st ol /1R Dol FAMRA FARES tolemEQDE AT + A, FE/7F 138

[e]

"é‘
E golers® < of 0.7 2ER AdEn.

ADC-¢} ADC+ Atelo] 7 325 Jvtdoz ww, webA ADC(203)= AEE A-s] Alsta Meke ¢ Qv
0.7 =ERT & o9 dae= SHFH ARE 5 A |

=
H8kar 9l& . ADC-oF ADCH A}OH ke e d E EIEA Yy
g AT &, $57)1(202)9 28 JAR EPH L, 0.7 BERT S EWFARYE o Aghe
= o

% 7hell E=AIE the]EEA(210)= MAE Vss AlFett. o)B2 25 E AFEA &s W FF7]e] FHo]
uYgads ez dAErs oA = 7go] tolEgAs e, &I, (dE 5o, & TgollAst 22)
oL EE(201)0] AAH], AxHA @2 F ANEF] FAS ThestAl AR, o] AL EE A/D AJAFI(212)
S AL Al Habe] wE:ARL te]lEEA (21009 AMFETE ® 7io] EAEe] gtk ofge](122)e] E
AAFAREE ] Aos dF 50 AZE 1008 ZAHA7IAY AEE 29 A e fAshs LZE ]
AE 7hs A £371(2200 8 THEh. oA EY 1(R1)oﬂ o3 AlojHal, AR E FIHIL AE T
zo] ERjel wEl AAdn.  dek B37](220)9 EH2 27)9] thele=(221)E BE, 1d Azt $F7](222)
(A=A, ADB041) o] Yol H&AT. 271 T;}012—‘5(221)5 b w&71(220)9] EHel Ao FSto]l ALt
TE71(222)0] U FF ASHE AR AEshe A WA, oz AR #HW NS} ofyo](122)9 EW
23A adel I7bE w) Bl2o] E4E WA

AN FH71(222)9] o]5% HHol(R2)E T3 oE Eol x103} 0 ApelellA] AZEod o8 X JhEairt.
oL &ALl F7HARL A% AlofE bt ok dHlolH 3 (123)¢] A/D MEr|=e] E¥ o] mpAY 2
el tho]l @ =(223)= ©A A/D W&ol tHEk 2o FUHAS] He s Aleditt.

e, telEdAs kst Ax 9 ony HAEENE Ui #A A AAES BEske il A/
HAE A, o] AEolA= EI DMUTRFE #Ald dmss A9 om ARt DT 49 & &
A5 8 Fe IAES Muy Z AGE(30 BE)Z WS, o] A& oI ALES A
o FEF T4 WMAE &I, I, tolEYAe wHY/ZraYY Jhe o5 A/D WMIVE TE6H]
A3 By 2EHo|NS AFsH, FHUA 420 dB EE 0 dB o]5%E AT, w3, A WA= A/D W
Z1ol digt 2157k 1 2E va-ganc @4 34 ¢ AS 2T

diolel =3 (123)el v A5 g5(=A, & o o|nA] vlolH)2 geje] A3 Wajor F3dd 5 gl
o dE B0, ERATA 84 AT 40 Mz, 12 HIE, & 2AY 8 el AEFE 5 dom(dzA,
84v o%F 1 MIzE MEHsH, 40 Mz ME" S5 HolA2E d8(Nyquist principle)el 93] 85%= A
< 34 =A%), 478 e SHA gA" dF 8 AT The ge-AEdE HIE 5 9lar, doly
= Ao s dEEso] v Add & gla, dHolH e F7HHA AE f8 AFHE dFE 3

T 7b-7cE A EF AHIO|2=(USB, oldYl )& &3 DMUA 84 F9] ofd2a A3 2HE FHFEH ¢
= EHES AT, AE 5o, = 7be oJElo](122)9 EWx
T4 249k, ofFe](122)9] EWATA QA4ARFH ATE MEYsr] 93 ofdza/uxd w3y (ADC) (14

0)5 Edsh= HIFE(112) Abel9] Holy +3(123)9] <ol we &d Ads Yepda. 5, &= 7be dE
50| FPGAE ol&sto] 7dH = the Al dolE g5 Axge] dd Afde] mus vekdnh. ADC(140)= L
of dHelM ofdRI AZE 2T 40 WZF SR YA 12 ME JER AE Wddsta v, EZAY 74

(149)8 o] dlolEl7} A el A3 (144)S E38lE= FPGA 2 A BEFDXE Aojgt;, E7AHEH, FPGA
= HolEE fufo]z Yol g xtal, o]E DSP ZRA~E(ZA, HAHelE(142) B 1ol FHY)S F
g et o]ojA], FPGA:= 5000709 <14 MES Aggth(el=ZA, A 20 A(144)).  FPGA] A G=H,
AFE(112)E HolHE tEzsste] F7149 AgE M 5 k. o] A5, B4 TZEF(145)L USB
2.0°] 3t}

T 7ex= oldlo](122) 9] EdAFA @49k HFH(112) Abe]o] dHlol® 431(123)¢] t& oo e o AEH
< Egshs 8-Ad obgRI/HAY WY deoly 3 FAE dEkddy. dE S, & 7ce e A€
olf] P55 Al=glo] fijl Az REH Tt HEE vk, dE S0, 4 AAolA, (& E°l, FPGA
= ]—%8}04 TaE F dE) 283 v AE Al=ES gd A A 8719 A/D WEE EFskeE Adold
ADC HA 3=E AT 5 Ao & Tes sty Alduts A dEbA R, O]Zi% Tl HH sz e
E—E— 878 A2 (150) el wish wkEgck. ey As A=E 2riEThol(on the fly) Wajez 749 5 dvk=
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A ool = 7bsh vl FrAbetth. HlolEl= wlolE AE(153) Aol FPGA W¥ Wz AR dFd o A
A dAvolE = vigE AE(155)F F dFE 5 e, dF &0 AZEdYE 744 e A
dE7F 299 o71eh §A AHEE = vk, Al FPGAE Als AR FAARS H2Es] 98 tuA o
olHE AT F glom, oA 7k dloly A (153)ell oa) Alojert. A A|=®le] HHg Fx

at7] Sl ARla, dhx Bl @Z(ramp) EF7E AlEEIAE S Qv o] AARIE] FAE B 7|7

E ojgdl &6 AT 1 HH)S S o] Foixint.

DMUA &71(12D)= A% 8 oA BEg BFM 5§ sgss o8] 25y EdapmA o] 8as
S TEIES AE vF AY FErE TSt EI DA 571120 DMUA 845 AelA st
Az E(dzA, A7 2 ovA AeE)S AH

p=1 =
T HyHE = 3, wgsd X85 Fo glo] ALV AAE F o, FEV(12D)+ XFE FoF SIF o]v]
15} h=)| sl
=3 h

o]

2R G T oA (s doel g FRE ovd) Tl A% 5 i, FErl(12D)e FAE =%
o] WA= 3t Azl ek AAHH AHEA Al E ThssAl & 4 Atk s o, sk o] delA
4ol MHE o]gste] ARE ALY 5 k. dE B0, Al WHE dAA HAEHI Qe AR ZR2EF
ek AGE AT F Jom, A2 MFHe b 7] AeEd Amel tig A AT F dvk. wHER
= Q 2 1 wpela2x wm k(o =A, 2379

o
ofo
ol
)
-
[4_81_:
i)
> o
;:O
o

Hgdth. AUTANEAE)E oF MALL AER. WL wNPIAE, AR W ARG Asht
Aol AW FES FANE & Aolth. olF MuYe] A%, shtel AWE FEIE B, AL DL
flol e WEe ANT & Ak E 78 PEIAE A A A&SHI] A A o F6)E AF 5
4 e e

ER, E Fol, ® Tet (1F Eol, 8 AW 4 %Y AYVIE TFE) 2ot A oldlel(122)] W

Ay FE71(170)2A 7)15stes 749 92 dAZQl FPGAE Yebdth. o] F+57] Al2=8(170)2 3.5 Miz
DMUT ofelolet A A2 4= dth.  F57] Al28(170)2 FPGA 38 A 71(EF 174)E g3t 3719 +
8 7% BF5o® £3dE 4 . 9y FVI(174)E UlF BRAM(ARE 2YE 9 #F) e AR gxAE
FA71(DDS) ZHH ] 3 (tAd ~2E7)] A 3 gge Fe 54
o274 HE Ao FRA73)(dEA, =4 74 B4 HEEE 9% 715)E& o8&t %

Ak ArE, 98 3717 E o B2 AES At v o)ud R=(M2D BE olwH, dfo]lH g
ol F)el diE] W AR2E AT A8 thgre] REE AxAeldEr] A U8 4 EA FH(17
5 §Xo= g, T4 dXz=HE 9 9 3y A7 & v @7 dJATHCOIIHHE ogdl +
UDP/IP)& o] &3l 2dE 4= th. DAC HE(EF 172)€ YAd 2ER-S AHY ofd=2 3oz (1Vpp
HYAE 50 & FatR) HgelEs FAgETt. ES, 7] AIARE170)2 98 odlel(122)E FEetr] S
2k A& (1Vp-p HAUXNDE A A5 =2 (50Vp—p HUAE 50 & F3t=2) F3st7] fgk A8 A= F%71(&
= 171)E X3hsit).

gk, % 73 Virtexd FPGACIA 9] 1D 223 FA4 9] A Al FA(ARAN, 253k & 54 8 25 7150
Aol Fo] daelF)S vtk oE Eof, 18l FPGAE ® 7af] thE BE o|wA(134)9 HEIEY F
tk. 1D 2#F FA9 4384 Fel= Simon, et al., IEEE Trans. Ultrason., Ferroelect, Freq. Contr.

45, 989-1000 (1998)ellAl LAd 4 Jom, wapa] o] Fofo] 7|wxte 18s & olsfd Aojmz, = 7f
o] FHof B3k A= Egast AoF FEY. & 7o EAE FHL FE 2 7K BAS AFsit. A
e GadEFS FPGAY 2E 5 v 7S 4537l 4 AolH, o= (dE 59, udAz HFEH A~
go] 71 glo]) HA AAL FAsly] 9] RE FPGA AAZ 2t B¢ Al2"S F3sks 9§85t =
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g, o] 72 55std AARI(ZA, FPGA/GPU &)l gt daelss syl A7 AA ks 45,
ol Aes WA & A aa/Es AYE AdER 94E v

A7, B wE olug(12ne deld $£4(123) % AFE 112 A
2 99 Aol Sl A8 A=A, Y el gH9 % e 27
d Ag3] SAsh) st o)l olud wEg Fyshe ) A
oM gkl &3 Ame ALL A% ANA 2L AR W 5§/ % 20 EASO gk, o
AN AEEE s BRE F sht olde sht olge] ZEaw E: FU, W/EE A8 ALURA, ¥

= — =
19] Ag A2E(10))9] dole) vE AXUESS ol&ste] FddE 5 3tk A& A4 Ao

i

gulA oz W (30)S A= A AAE 3 A5 ZZA~(30)9] NAE EFSTH(EER 31)(d2A, AFER
7 & 16 =AlE wpe} @ 2(15)8 S8 Xz AL AASIRE). = 3o ZAlE npe} 2
1, 18fg Al AAE X8 ouy HaE2)d o HejX = viel e sl o]ide] oju E R A (d)
24, i o)e] om A B S AT Ak AdE B, 259 EAARFA 2459 offo|(d
2A, 253 duRe B4 FAAQ AE HAEE ¥ =

3] delow/o
25y ony 2oT dUAE F4/5

=
2)
gate], A5

= R
NFHES THH ofeol(22))7h o]vA BAEUNE
£40] AAE AR 49S Uehie d2 da doleE 9 = At F, PHe ¥4 998 TIshe
A8 G oluA dolHE YYHE VAR £FF + Ak
% 20 WAIE uhe} o], ojelol(22)9] B4l 23w poll olsh 5 B2 o

18 ol
Q‘L
T
_0‘

=
Lo
2
2 o>

= sh ool £ El
) S ootEs (8 Bol, $A olMAL
olgatel, sht o] gel EH EQE o olnlA HelEE 4T 5 Ah. ¥ ¥

E =4
o], 4 XRJAEEI of#o](22) Atele] 7

N

R R RN BEISRUEIE A 27 gel QA EAEET ge o
2 Ao} ZAEEe] AdH 4 ik, dF S0l % 7ac] =AE wsh ol omA7L AFEA A o) 2 Aol
AFol, AR stelF sht ool Aol TAE(RA, EH EAE, 97 EAE F)T 49T 5 9

EH, A% WHE0S (R, ZAGR P G4 28 U Bhe] A4 An HAE(dR
A, E 39 AR NAESU0) F2) F shte] Am wAES B4 99 U9l sht ol B4 EEA A
7] 918l Bl 2 EAAFA 94 F sht 042 TESHY) 98 AR AsHe AA: wAE £F
ATHES 33). #A9 A% WAEEG0) A2 B4 99 el sh) olge] B4 EA=eA $HS A
SES A4old & ArkelE Hol, A%4e Ao oA wlolee] |xste] AE AukelA W SHIFES Aol
7 AoE 4+ Arh. oloid, EAHGRE FPoIA BIHE AHHES AL WAES ALATH(RE 34),

A5 WAES AR(EE 300 o]ojA, Alo] o]nlA HolEst YHAHES 38). olel@ Alof ov] Hlol¥

Kl A
v AR HEESY AR EF 34) Foll 559 253 EJLFA
=]

dlolgfol 7]xste] A

2 A= =
FAAQ A7 WAES] $5 A8 WAES AGs] 98] 549 250 EdAFM 84 T sk oldS
7] SR A8 AeSE sk dl AREE ¢ Ar(EF 38 R 33). AR WAESS dD(EF )T ¥
of $& A8 HAES Aosts G ARE] 9 Alo] olwA] HolHE AY(EF 38)dhs A& ZRAAE
AR7F SAE w7 ASEH(ES 36)
g, sk oo AAJeol A, Ao} olwx] HolH = syt ol A MAES] A gt FAE = onAE S
ol gate] AdE = Sltk. olE Bel, 1Y owAL IHH o7]E o] &3t 7" & Uil 5, 2
dod 4 = skt
=

Hu
98 o712 olgate], Ame AP Bkl olmA woE}
olgel 4 A |
Hi) Aol olulA HolHE (g Sof, =YH ofvle}
BRAoR) fgu ougd sxse] dojd

WzEY AolE 8] st ol4e AR wiEe] = AT
7 ALgE el 2e) AR MAESY A

% 30 EAR vish o], Tel@ FA AA(RS 36)E ALF ovd BASMUNA ola mel vig e
sht ool ojuy EEA(ARA, St ool o] g
WARA 845 ofdol(2A, 283 U9 259 2449 AR WAES B4 99 F Fojx o

E T3
ol Aeatar, F4 Fd9or/ornfE ovd 2&d AUAE FA/FAGES FAEE of# o] (22))7F oA

{
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% 20 QuHoR wAH ZaAse oo wEAd ALE AT fa Qo o Ale] EIEA tsto]
A% wEd 5 gt Z, 29 TRASES AR WS A% ol¥AA EH 999 s RRES Aas
=y g

6% Eol, A& WAES Ag ok W/EE olF Ao} olrX delHe 4P EA I vle] Hoj® sh}

= toAol® shtel ©e $4 AUA BAE Aol B oz vlolE 7 AR

A B g8l Bao 2g% EAARA F et olde FEEY A% How shte oluld AEE AHsHE
% S} e st ol4be] Ao} EAES] SIF ofv]),

AF Eol, AAE 24 e BH D IA EAEE(ARA, Ao TAEE) BFs EAsE A%, 229 A
of LA SIF oW 4L o] 8sle], 19} BN olnx vlelHE AL Atk dE Hol, 1@ A

oA HolHi g EAAFA i AR dolH(azA, ol VxS AR WAL A 2% 2
o A EJAESAA AFE HAzseln B4 EAESAA AP AuHE £ JLS Am 435S 4ol
. We (B Bol, A o e

ar=y oo
od Akl 5 olE oldle] Ay MES)E xde & Q. =, As

=
Aol Hate]) 4 TIAESANAM AHS HAdstetes g7 dHn.

el Fo) Ao EAYE WS Aolete o AHgE 5 k. o

2 99 4% TARG] oAl RHAREAS AP 0 AeH & An, a0l AEeks AR WAEY} Aol
£4 ZAES Aolo] 283 ool JEE ARIAYIES AR ATES s d Asd 5 gon
et S5l AgE & Ak AE Hol, B wWAMM M9t uke gol, AYsE UAE ol £
EE Apole] ARTAPOEA, A Agte] FaT F Utk

st o] ArfdeA], (& Eof, ofelole] SAE Alo]o] WY AFFe] o] gt Fo]) Z47te] Nm H
27b Agd Fol w=we g8 9 g dolest

(dzA, d o Heolgel &2) Ao ojn x| Helg+= |

£ vhsl 2o A ojug WAES = By wAE)] AY Fo
Alo] olmA] dHo]E 2] ARE-S T dA]AQ] TR AT}

T, o & B9, 1
= 233 dojg = 3
B+ 1o 7| %3

= 5
WA e B4 EAEER TAA 98 IMIES AR N85S 4odtE b AHed F ol

= FESHE Ul deld®
H, [e)

& 5o, ¥EsE Uehlle 1ed HolHe 24 Ao HE &35 AES T F v, dF 5, 1
H3 &8 %S Ebbini 59 "Ultrasound imaging system and method using non-linear post-beamforming
filter"gh= A& vl=r 53 #06,951,540% % H. 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¢] v o]u]x] dtlolf % duFFES o|&3le HEY
otk 28 AZsE & o1l EAIEHS Stk dE B9, &= 112 °F 8000 W/cm2ell A1 9] HIFUS] 300 2]
2 =E:RFEHY AAs(dzA, AAE 7IEA AR wek FHezl oA E)E dERdth. o d Ak
Al sollAs, o5 WESC w mEA FdAHNeH, =ES Tl ASE AT, A4 (S, onA
Wel o e §9 998)2 vF HESC] o= o A B fFAH Y FUHE fEeteAE yEkd

$]= zk= SVF(second-order Volterra filter)e &

i

Jo ookﬂ

T 11253, X887 A8 upe} 23 Ala A¥o] AR, T A2 YA o dast
1

of Bujsith, zizte] skel S HF ouA: 3070 ZelQ) 77
A

-1 -1
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S22 oldd A A J=we g Zo] Assth old@ ovx S AW A oy AiuEe
ALgeks T2 gl oluA ekl ola] WiAEA Rahmul, 3 ol E @AMel AyE ofuX ok
7} HIFU W) BUE™ 2 Alojst Bastel £4 @ 19 A2 We] el Fad 9A TAEEAN A7 F
% vEw 545 AFsy] wielt. e, e A A ol okl AzswEe] DAY AHg A

Aste] Abgd = Ut

2 do dig o]F B= 223 ool d&. HIFU $85 #8 HI-1 ¢A-53 A5 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 FZ)E& o]-&3te] 18 A (100 mm ¥H74) Aol 64-2
2 1-MHz A9 @5 of#lel7k AAl 2 Alx=H Ak, DMUA HH Zkzrel @2 50 mme] Fol B 2.0 mmé] A=
zZk=rh, DMUA 982 oxd A= 52 F=(Thx0F)olA of#le] XA o5& Hustsr] Al 0.89 e
famers 7HAH, (RFFE AlEHAS S8 Falxe) 2dlol¥ 2HES fdste SwelA 1.33.30 M4

2 Irdor MEYH, ThxOF W BE ¥QEJ s A~ Aok 25 dB ol#l & FA ¥ ch(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,” IEEE Trans. Ultrason., Ferroelectr.,Freq.Control,
vol. 55, no. 8, pp. 1705- 1718, Aug. 2008 #=x). X & EZoA, oZol= 1.1 Miz9 T4A F3 F9°
A 37% tgZ oz oF 60%2] A& Hul 250 w% AAdst= o & e TH(Ebbini, et al.. (2006) 3=).
mige] §le= F& olal EEolA, DMUAE 1.1 % 2.1 MHzol A 27He] S8 & FaE 2t olgfgk 54
E2 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; 2 Simon, et al., "Combined ultrasound image guidance and
therapy using a therapeutic phased array," Med. Imag., vol. 3341, pp. 89-98, May 1998cl A== Z%7]2]
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H o] A3 7]F. DMUA +57] Al2EE 1 MHzolA e H2= d5(PW) ¥ A% I35 538 7Is3HA 3t

ZTEZ7] RES 9 vA FRE o]gst MAA L AxHATE. DMA 43S ﬂd Aol ANTE 9 F5 HHES
A7) Yl Spartan3 FPGA(XC3S200, Xilink, Inc., San Jose, CA)7F AFEEATE. &3 FE7]= 300 Mz
Z oA S2slo], oF 0.0067 Ve L 1.2% JZ 2 94 JAEE 7217 J}5stA ko),

DMUA 84E5% tlo]Zelx 2 4 64 H A~ X (Tektronix, Beaverton, OR)E Ea £417] B FA7]o 4y
itk HA /A7) (Panametrics 5800, GE, Fairfield, CT)7} @& ~9x A9 dARES =83 % A5
L, F217]= 20-Msample/s 23 H|E tT]X|E}o] A (E1437A, Agilent, Santa Clara, CA)ol H&HUc, L= 2
SHES 98, 3-zEH oA YA A|&F HEE 30-dB AA FEH7Ie A HF71(INU00IA, NIR, Seattle
WA) 7} AF&= 0Tk, 7]9- MATLAB(Instrument Control Toolbox, Mathworks, Natick, MA)olA 7jutsl iiE?ﬂ
o & o] &3l Alo]E ).

B ool dE BH BE. 434 EAY P HAYL 4T Astel, ® gaol EAE sk Zol, F
AN EHoI A7 Y&l 16 mm o) AE 4719 AU Plexiglas 5H(302)(A7 9.25 mm)S z2+:= }
(300)°] AAFAG. EFH(300) 90 mm 70 mm 65 mme X= 7}AW, Nightingale, et al., "On the
feasibility of remote palpation using acoustic radiation force," J. Acoust. Soc. Amer., vol. 110, pp.
625-634, Jul. 200104 AIt= &= wie} Fo] Autdl, FRef2dustol=, S, Zagdd 2 B2 ARH YT,
232 7123k [0.45 dB/(MHz cm)] 2=#F A w24 o] &HJrt. EHLS AFE olv|Hsta A=
d  ARgHE 1-D 64824 ool AdHE=E QI 2De|H. 1.5 mm A3 YyEs D% (needle
thermocouple)(304) (OMEGA Engineering, Stamford, CT)o] DMUA(306)¢] ThxOF W& ZA o2 AFEEHUL, F7}
el 1.5 mm HE A% (E)o]l AFdeldd &3 W 5=(5) Ao wiAHAT. 4% SH52 vold
35 #51(34970A, Agilent, Santa Clara, CA)& o]&3ke] 200 Hzo] &&= dJsi# ).

2 SIF oW A& o] &3lo] PA=UTE. SIF
o]-& HFo] H3NAE.

3= E SA 7lES o]&3fe] SA om|AEo] I
o] HH(K. Thomenius, "Evolution of ultrasound beamformers,” in Proc. IEEE Ultrason. Symp., 1996, pp.
1615- 1622 Fx).  SA olWAEL 4o Folxl offlolmRH e Hi FHL T olwA] Atold] it
(Thomenius, (1996) =), zyzbel A A ZHEe] o= A%+ 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¢]] Aw ¥ n}e} o] ALtz t).
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Al ERJNEES HNE Z2AH e @,i=1, 2...M 2 H43sle Aotk o] AE Lagrange TFW EE A9
(pseudo-inverse) WX (E. Ebbini, "Deep localized hyperthermia with ultrasound phased arrays using the
pseudoinverse pattern synthesis method," Ph.D. dissertation, Univ. Illinois, Urbana, 1990 %%)& o]&
st Y Ha-w HA AlF £F4Botros, 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=)<& ol&ste] sidd =+ U= HAS; wAZE I, HH3 ZAE
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1:
2:

procedure ESTIMATE FoCAL INTENSITY (/) IN SITU(Hg),Hg),ugzt)

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

Evaluate the Intensity Gain
H W.
G — u’apt Tu(’Pf'
T T
opt Yopt

Estimate average surface intensity, fsur face — 14 4e /Area, where 7 is the
efficiency and Area is the surface area of the DMUA.

Estimate Focal Intensity at Target Points using H:Sf )u(,p, =pr.

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

: end procedure

: procedure SUB-THERAPEUTIC HIFU wiTH STF(u“) Toun)

aptit
Run sequence of therapy bursts and STF images di shown in Figure 3.
Perform strain imaging using STF or M2D-mode echo data.
Estimate Initial Heating Rate based on approximate tissue properties
(e.g. speed of sound, absorption, etc.)

: end procedure
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1:
2:

9:
10:
11:
12:
13:

procedure ESTIMATE FOCAL PRESSURE (pr) IN SITU(Hg),Hg),qut)

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

Estimate average surface intensity, Tsuy face = n1FPac/Area, where 5 is the
efficiency and Area is the surface area of the DMUA.

Estimate the particle velocity at the surface of eanh DMUA element.

Estimate Peak Pressure at Target Points using HLTL )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(uE,Qt,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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