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The purpose of this study is to distinguish reflectors with acoustic
impedances lower and higher than the surrounding medium, which correspond to unstable and stable
plaques in blood, respectively. The principle is detecting the phase of the second harmonic echo in
reference to that of the squared fundamental echo. 3D propagation of ultrasound, transmitted and
received by a 2D array probe, was numerically simulated. Unstable and stable plaques were modeled by

1 mm diameter spheres of fat and connective tissue, respectively. They were exposed to short plane
wave pulses at 5 and 10 MHz. The reflected echoes were received by a circular aperture with F/2.5
and processed by employing the proposed method, resulting in a 2D echo image, in which negatively
and positively signed echoes, corresponding to fat_and connective tissue balls, respectively.
Possibility of 2D sighed echo imaging, which can distinguish unstable and stable plaques in blood,

was confirmed.



X C—19,. F—19—1, Z—19 (58)

1. WHEBHAR SO 5

BRAELE X 2T PETH Y, SHENIRCHEBIIR S R~ 7R BhIR THRIE L, MEEC DI e &
BRx e ERBZL S 9. SHEk= o —RA&EIL, BIRELEZREAONSIFRENTH D 720
LEBMICHZ D ZENTX D120, Bk {LDO A7V —=0 71 s T g, SHEIIR
Ta—REIZLY T T =7 BRSNS, TR ARLEETO DN ENEHRIT S &0
BETHD. SEHMIRORELET 7 —7 1%, THDMHE L CIMEZE 2 E#5| & 2 3 EMrEn H 5
TR, MERSCHEBIRICFRORELZE T T — 27 NELTWD IRELEZRIBT 5720 Th
L. BELIET T — 0 BBHERD B — T, RNEET T — 7 IIRERSICEL T EnmbiT
W5, 22T, Ta—HEIEBRL, TRUCXDmHEORBISHIES N TR Y, jiFE O a2 —#
ERBELID LENZ ERREEIN TS, bbb, ko a—kiZ k> TR e/ = =
— (5 BIRIEMERHE DO K/ NBRE b LI, REET T —7 2B+ 2 HEMRESRL WD, Ln
L, T2 2 ENEERARLES 7 — 7 ODEFREN IV /NS EZFIHLTWHDT, &
M ICBWTERERR L E Lo T,

2. WHEOHB

KO BHNL, Ta—E50/F52BHL, THCLVRLET 7 —7 DL HIIZJEMELY b
T = ZADRWHRE S, WA L E—F L ADOE VL OMRE L Ak ATRE L 5 2
LETHD.

3. WDk

B BEEA L E—F U ADFE WK EO T 2 =R AR & [ CAFZ 2Dkt L,
BE L) HEE S = 2RO a— %, RELFMHEZLD. Z0k510, K
Fea—of R, KKEHROFENEEICET 2 BEEREREZAET 220 r0b b T, AHT,
INEIFEAEFRAL TR, M, F7T7—HREBIZBWT, KHEOB & 2 Ko a—
O GRRH L TR, ZOBHEIE, NHRIC LS LK =2 —ChniE, o
AL, EE/ IV AEBRE S LT L TREICHRINTE 20, HEOKNTZa—REE L
RRECTZEESND ORI TIE, BREFMNS 1/4 WERREOALEOEWIC X DA EE & X
RO TP X DG & 2 XKBT 5 Z LidEERETCH LN THS.

COBEEMRRT HICHTY, BAETa—EEEART L E, KHROFE L E—F
ANEEOBE X0 b EO MR DT D LT O/ 5% Lo 2 AN ET N HOND 2
CIZEB L. ChasBETELT, 2ERAEEa—RBRE2RKETLIZEICLY, 2O/
FEHETS.

0
1-
2
3 =
3- 7K 0
fS R &R T
4-
5 O_E5§mm
6 SiQil
| | | | | | i) | | | | | |
-3 -2 -1 0 1 2 -3 -2 -1 0 1 2 3

K F BB
B, MELIaL—2a ETILETNICEDASEKE ERFHROH]



AITEDENIEEFEND DT2OI2IE, 7 —H P Z7OHBEREG V2D T LA « 7a—7I2
LI OBERAEZETAINHBETHD. Z2T, DT LA « Tuo—T 2k D EZESNIBETE
W 3D etk E, AIREF2— K PZFlex ZiERA L THEY I 21— a v L.

MY DREZET T — I BIOLETT7—71%, KPITBWEZELE Imm ORE LTET /UL
7o, 7= OMmEIcEET Sm & o, MEREIZEEL TWD I ENRZVDOT, T VEREM
kD a—IZBELONEITH S, FZT, ETFAKROEMEZRZEOHETEKZDET IV
ELT. REETT—71%, BBHEREIZ Y avdA Ve, R“ETT7—71%, BEMA#ELIY
RAHERE L TET/MELEZ., 111X, ThOOBEFREZ2RT.

F#E(mis) EE(kg/m?) o
kK 1496 1000 (@) EARETO—

fg BA 1427 928
LEy=g it 1537 1100

YyaLAANL | 818 960 () EAEEETI—
£ MESI 2 L— a3 VICAN-BE RS —
B |(b)2fg@kTa—
FOVIal—aryETAE, Vial— %
va Al X0 BE LD NG & RO %, 10
X 1ICRd. RE1E, EFnboFEEe L. w |
ZAZ T F—H AFIL, 2D T LAk DEZE =
EAEEL, FAE2.5 OMEEAZ AV TITo 7k, P ——
FEARP EW L LT BMHz, T, 2 fEEE & (d) FEfFETa—
LTl 10MHz 238 A 7. | FEAEIO—(EFRAH)
v arFAVEKREICBTARMIC L D a— 0 W

BEEHE LT, ZE7 4+ —H ANBZDOEEIC
DOWNT, KBFEREOFF ST = 2 —F 50z

X 2 (ZEA B> TRT. M (a)ld, EAKT = ATy s 7

—, (%, THLZHFELEZZa—THY, I B Rl (us)
EOBEE Lo, R0, 2 fHk=a—C [ HEfHz2Ia—(E2483ESNE
Ho, ZhEk ) ZATHRIETE b O%s

EA LTt & a—EE ()R ELN5.

4. WFIERLE

NEWA & 0 72 DBk &S AR L 0 72 DERZ KA NCRB &%, (i —a—(F 50 &7
ST FEREZK 3 1R, MERENC 1nm OREIBEZBW=5HE%2, EOXKIZ, EER LOLBEETO
BloR L7z, BEMIEKIC X D K= a —3A/EFo= a—B 2k L, fEikekic X o= =
—XEfFREOTa—BEFHRL TIN5,

ER O FIEZS 1mm DA 721 T <, MR LoBEICBNTYH, MO o= a—{F50
BAETBHZ L, MBI TWna.

PR J0GHEEA L —H U AD/NSIRRIER b, A E—F AD K E it GfkERED, ==
— DR FIZXVIBR SN TAA—V U T TEAIENHER SN, T77bb, Mgk v & EFE A
—HADINSIERN R TET T =k, A E—H LV ADKERBETS T — 0 %, ANFRIBEOHS
FFoa—A A=V TICE->T, BRI TXHAREMZHENODL I ENTET

ARRITIE, 7T — 27 ONEREGEZ BH L2, EEOT T — 7 13 EE T Itk a2 W
HICEORREMERH Y, SLRIRFBLETHD. LrL, NEET T2, igi—ike
NEEE AL SO TIZARVNhERBENS. £, 77— ORIHANAFET 501, EICmiRT
HDHEBZLNDD, MEMNZIES BRRT L2V~ VBl LD SR EES Do —JRNFEIEL,
FT—IDTa—(FHITRNTWE KIET AREEL DD, 5%, ZNHIZ OV THICHRETZERD D
WENDHD. Fo, AFFRIRRO FIEEZFERETH720121F, 2D TvA -7 n—7 OFEMAbLEERE
OPHENHDHEEZHND.



—

0

-2 -1 0 1 2-2 -1 0 1 2
K F B B mm
B3, FE I Ta— 1 A — D212 & 2RI & A EGH & D3

T



11 11 0 1

Kuji Shota Umemura Shin-ichiro Yoshizawa Shin

63

Improvement of contrast ratio between cavitation bubbles and tissue by frequency filtering in
triplet pulse ultrasound imaging

2024

Japanese Journal of Applied Physics

04SP10 04SP10

DOl
10.35848/1347-4065/ad2d06

Kuji Shota Umemura Shin-ichiro Yoshizawa Shin

62

Basic study on a filtering method for selectively extracting cavitation bubble region in
ultrasound imaging by triplet pulse sequence

2023

Japanese Journal of Applied Physics

S$J1038 SJ1038

DOl
10.35848/1347-4065/acbe03

Miyake Shotaro Umemura Shin-ichiro Yoshizawa Shin

62

Development of efficient method of generating reactive oxygen species by expanding cavitation
region using ultrasound focus scanning in the direction of ultrasound propagation

2023

Japanese Journal of Applied Physics

S$J1052 SJ1052

DOl
10.35848/1347-4065/accaf0

Obara Nozomi, Umemura Shin-ichiro, Yoshizawa Shin

61

Quantitative analysis of heat-source estimation of high-intensity focused ultrasound using
thermal strain imaging

2022

Japanese Journal of Applied Physics

S5G1062 SG1062

DOl
10.35848/1347-4065/ac5d15




Chiba Yusuke, Umemura Shin-ichiro, Yoshioka Masahiro

61

Improvement of extrapolating frequency response of hydrophone sensitivity using numerical
simulation that includes assumptions about materials and construction of hydrophone for
measuring instantaneous acoustic pressure of diagnostic ultrasound

2022

Japanese Journal of Applied Physics

066502 066502

DOl
10.35848/1347-4065/ac5262

Yabata Hiroki Umemura Shin-ichiro Yoshizawa Shin

60

Effect of difference in shear modulus of biological tissue on heat source distribution of high-
intensity focused ultrasound estimated by acoustic radiation force imaging

2021

Japanese Journal of Applied Physics

SDDE23  SDDE23

DOl
10.35848/1347-4065/abf4a7

Nagaoka Ryo Yoshizawa Shin Umemura Shin-ichiro Hasegawa Hideyuki

60

Effects from correction of speed of sound in transmit and receive beamforming using focus beam

2021

Japanese Journal of Applied Physics

SDDE19 SDDE19

DOl
10.35848/1347-4065/abt55b

Tsukahara Kenki Umemura Shin-ichiro Yoshizawa Shin

60

Effect of ultrasonic intensity and intervals of ultrasonic exposure on efficiency of
sonochemi luminescence in gel phantom for sonodynamic therapy

2021

Japanese Journal of Applied Physics

SDDE12 SDDE12

DOl
10.35848/1347-4065/abf4ad




Ueda Kohei Ito Sayaka Umemura Shin-ichiro Yoshizawa Shin

60

Effect of focal spot scanning method in agarose gel and chicken breast on heating efficiency in
cavitation-enhanced ultrasonic heating

2021

Japanese Journal of Applied Physics

SDDE13 SDDE13

DOl
10.35848/1347-4065/abf2a8

Obara Nozomi Umemura Shin-ichiro Yoshizawa Shin

60

Comparison between thermal strain and acoustic radiation force imaging methods for estimation
of heat source distribution of high-intensity focused ultrasound

2021

Japanese Journal of Applied Physics

SDDEO4 SDDE04

DOl
10.35848/1347-4065/abef0a

Takagi Ryo Koseki Yoshihiko Yoshizawa Shin Umemura Shin-ichiro

114

Investigation of feasibility of noise suppression method for cavitation-enhanced high-intensity
focused ultrasound treatment

2021

Ultrasonics

106394 106394

DOl
10.1016/j .ultras.2021.106394

3 0 3

Yoshitaka Tadaki, Shin-ichiro Umemura

Highly Sensitive CMUT with Built-in Low-Voltage FET

2022 1EEE INTERNATIONAL ULTRASONICS SYMPOSIUM

2022




Shin-ichiro Umemura, Kaoru Ogaya, Yoshiaki Takemoto, Yoshitaka Tadaki

Highly Sensitive Small Hydrophone with Built-in Stealth Preamplifier

2022 1EEE INTERNATIONAL ULTRASONICS SYMPOSIUM

2022

Umemura Shin-ichiro Yoshizawa Shin

Study of Waveform Recovery by Deconvolution using Simulated Hydrophone

IEEE International Ultrasonics Symposium 2021

2021

(Saijo Yoshifumi)

(00292277) (11301)

(Yoshizawa Shin)

(30455802) (11301)







