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ABSTRACT: In this paper, we present a general model for synthetic transmit focusing method using plane waves
(STF-PW) of which the properties are investigated through mathematical analysis and compared with those of the
conventional focusing method. The analysis results show that STF-PW produces non-diffracting beams in the
sense that their main lobe widths do not change with depth. We also present a method for synthesis of plane waves
to obtain a desired main lobe width while preventing grating lobe generation and a method for broadening the
region over which the non-diffracting property is maintained. The proposed model and analysis results were
validated through computer simulations.
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the proposed STF-PW method.

[ (z,2) =e ™ =
«

=e "y (2,2),

f]wtef]kava e]kzﬂ

@

A7|A k=2r/A+= Trx(wave number), A= T

(wavelength), d,2 HH3}7} 429 XA (z, 2)7HA]

AakE A, f=cosf = V1—a® LTy (z, 2)

X— 7% 17g2] ol €l (beam pattern) 2 ]k
STEPWE] 434 342 (S thgat 2ol &
= 2= 9Jr}.

E‘F‘M

w' (x,z) = /. Eops (0{)~e'jkmejk:ﬂ -t(a)da, 3)

Al R A

H= £

o

o

f
)

o
o,

o714 ¢!(x, =)= Hes}
A e, p, ()=
X A7 AR 4 oulaiey. o, FhA
L A5 (2, 2 )0 ERSHE H
A A Aok 57| o] 2 BRI} (o, 2,)7h
3 A2, d, +dy 2 34 A7 A 1(0) S 0
B9 TRt o] 1AE) Folof gk,

(

—

o
=] A~
Eise

o fo
ko

-

o
tm o

t(a

o M ot
i

ﬁ

2

d

ox M
filo

PR

l-ﬂ ok

3l &
W
Al ol

t(a) _ e*jk((ll +(12) _ e*jk(zmsé)*(&)

_ st pind) _ g ke +stans)a ()
weba] 4@ A1)l tiletezn ke st 2
o] STR-PWe] 41 1l 9612 2152 4= 9ok,

Epv 7]kx X +ztanb, ) do
=FT ps x
{ }; s

’

X

P

|

The Journal of the Acoustical Society of Korea Vol.33, No.3 (2014)

j, x'=x-x, +ztan6,
b



202 o]y

>

a max g =sin"' @

min a

Aa, = %max ~ %min
N, -1

Fig. 2. A synthetic window function used for STF-PW.

047] A FT{ « }*= Fourier transform, f, =2’/ A= X-
fo= «1 S5 oJnfgith (5= E
FAH Aol &4 A= T p(@)

Qo ol ERH AL 4 Uk

STE-PWe] AAZ Q] AHS-S A= A==
HHute] =7} Al ghE] 7] wfZoll, Fig. 20| A & 4= Q)
o] 23K sampling)'d T HE FHp7F AR o]
oyt 3} th-g-at o] FE 4= Q)

gol

-3 o(a-a), ©

(n=0 - N,-1), (7)

. "N _-A
sm(ﬂ%) )]
_cz-—,
. x-Aa
sin| &
)
J!Z _ ,(X(Z +a,
Ao m;;([ _1mm , o= — ke, , C,=e / 2 (9)

W

1 Fgol £ 2l Grating lobe 2IX|
A)(5)Z K E] STF-PWO] =43k Hlufje].& 514
£ &<, p.(«)9] Fourier transform®] Fej = A%

flo i o

m}lo

The 218 & 4= Q) giTh wabA p (o) 7} Fig 29}

% (rectangular) ¢H= wf, W 3 ©2 sinc g2 &
)7} "ok A 24, p, (a) =rect(a/2qa,,) D 3L 1
HEHL FHO| Zo] 2 /A =1/2q,,2] sinc T2 F
ol 4w 7ol whet WstakA] b=tk AL 4(6)
3} ko] Abgats PHute] Awh | A4 K 0 2 o
A4S 7H Afeolle A 4’ =4

(Main Lobe, ML)2] %3} Grating Lobe(GL)2] 9] %] =
A|8)% o]-&-3l thari o] Auker 4= Qick

rl

Tt X =
ML null point: N Aa (10)
GL positions: x’—i-n 11
po : Ao

o714 n& 00] 0Pl o] ck. 2](10)25 8 o] 4 2}
20| FelntE A4 wolE o) e Aelo
Ap2glo] QSHA £A E, A3t rste]
210 o], - Aa7k Z7F 55 STEPWE] 2

W YL STk 218 o S ok ERh e

7] "41*"1] *ﬂ —?— T F AR H1RI(eF 6 mm)of| A
GL7} Ao A,

o] Zo] A }_o]—z] = A AT =9k 1 F,



Magnitude [dB]

[+ Na: 3 = Nou 5 — N 9]
3 4

2
Lateral direction [mm]

Fig. 3. Simulated lateral beam patterns of STF-PW
when N, were 3 (dotted line), 5 (dashed line) and 9

(solid line). For three simulations, Aa=0.052 was used.

Magnitude [dB]

45

[+++++ A0 0.208 - Act: 0.104 — Act: 0.069)]
3

2 4
Lateral direction [mm]

5

Fig. 4. Simulated lateral beam patterns of STF-PW
when Aawere 0.208 (dotted line), 0.104 (dashed line)
and 0.052 (solid line). For three simulations, 6,,,. and
6_. were 12" and -12°, respectively.

min

=

=9 uj, o] 221 < F2] 3 §A| null point #]

2 A)(10)°f] w2} 2F0.658 mm7} =] mo] A o] A
o A& 21T = Qe

Fig 4= 93 212 0] WSk, N, « Aa 9] 27]7}
A o N, of w2 GLO] 917 W3l Ho Zr}.
N, 7} 7Vl whet Aavt 2h4xsh7] w4l 2l(11)
off whe} EAY == GLO] $1A7} S o 2 5E M3
Ho R A& & 4= ok et bty —ag,
2717k SABHA 4 0] E-2 (N, — 1)/, of w25t
7] i N7} STV 8 £ 0] Fo| F7lEhe

2 R 218 4= 9Lk

i)

SF A~
1% 4 g

203

I

of 2H 9] Yol GL7H
S4B A GL7} 2 og
% 3 et 20 43
S CERINERT

el GLA A

—

AlAa=D

(12)

N,2D-(e, )/A+1.

max mm

wehA 4)(12)9] 27
ZA5Ho 24 GLe] WAy

3.3 MigkE HISI™
B o)

100014 2 4
T H3F 7he 9 tﬂﬂﬁk
Hen] 1HIE o|edt 3
Focusing, CF)!" '3} t} 2 7| °§
A] Qb= STF- PW—J HIQ@
CW o9&
=5 MHz, 77 2] a7]§4omm1f—41 HEF
EO ], (U 0,,0F 220, 109, (15 159)
T12]31 (-20°, 20°)E AHE-5}G1Th Fig. 5= STF-PW2}
CFo|| 9J3) FA%H 2% (acoustic field)2] -3 dBL}-10
B 5 ZHcontou) & 1 0j k. o] Ak 4 P}
M4 o] Zolo] whe 318 B4L vsks A
o] Bxo]7] uho] CFolli= 54 142 44019
T} STEPWE] 7.9, Hak 2Hz o] Zof ] e 4] 7]
o] Zo| A FolAlL AT} 57 oo Fge
Zo| 8XEE A, AgtE v 3] -(limited non-
diffraction) E41-& 8Fo13} 4= QIrh P v] 314 EAJo]
A gHA 21 212, Fig. 601| A1 %%01 HEF 2o
uje} mE Hrlahl F e 5
Eo] §A e o

AR 7] v

=
=
R=F)

Li

o] zo] G2

Am o
o

A
2
T

NPE-{

S e, = u)5)
3 &(Non Spreading Reg10n, NSR)©]

O]t} NSR&- A 23t o2 F ol A=

The Journal of the Acoustical Society of Korea Vol.33, No.3 (2014)



204 olFH, $A3. &

i i i
140 H H 3dB | 140 4 — 3B |
H R _10dB i (5| e 10dB
[ . [ i
H
120 R 120 ! q
1
'
H
1 & 1
100 s B 100 3|y g
K H
— — H
g g
E 80r [ R £ 8o g' 4
o0 )
g N £ N
L 53 [
=] a ¥
60r B 60F H 4
1
n
L
401 i B 40} 5 4
3
1
¥
H
207 1 20¢ ' -
B
i
3 oo 0 5 -5 0 5
Azithal direction [mm] Azithal direction [mm]
(a) (b)
7 1 HIE
140 oo s ] 140 VooTE | sl
I 10dB N 10dB
[ ' 2. |
I HEH
120 HEH 7 120F Vo J
' 1 1 '
[ i ' '
1 1 i 1
= H H
100t Al 1 100} Vo 1
] H 1 0
ny o1 1|
T HIH = HH
g 80r [{IH 4 £ 8of I
A o .
[a 1 A
60f { , 60F
¥
1
1
ah
10F J i ] 10
HEl
Hl
HE
HEN
HEli
20 i - 20
fee
LIl )
L1
I"j
5 0 5 -
Azithal direction [mm] Azithal direction [mm]
(c) (d)

Fig. 5. Contour plots of acoustic field (-3 dB and -10 dB) induced by STF-PW and CF. The maximum and minimum
steering angles of plane waves, (6,,;,.6....) were (a) (-10°, 10°), (b) (-15°, 15°) and (c) (-20°, 20°). (d) Dynamic
focusing technique was applied to CF to show different diffraction characteristics of STF-PW and CF.

Salol AMgE it & AdREE F3o] Hoj
N, « Aa7} 2o = B3 UERY] ol 4
o] Zo| F7tsl7] w2 o). Hej AR of AMg-H 37}
A Z2ANA Zyepe 242 F 113 mm, 75 mm 12| 1L
R 55 mm7} =] Fig. Sel|A] & 4 Q%01 2 Zyg 015

o M @Y Fo] Z715H= BAS B 5 ek

region

Aperture

Fig. 6. lllustration of how non-spreading region is
determined by the plane wave steering angle.

Ot SEelRIX] H33@ M3 (2014)



HUILE o] §3 235 T S41 W4 71w A 205

v. &d 1} Table 1. Parameters for point target imaging simulation
using Field 1.

AFEl B s Thefgh Al 2 of w2 Parameters Values
STF-PW2] A58 H71517] <180 Field IT softward!” Center frequency > M
- _ o L = Fraction bandwidth 70 % at -6 dB
2 ol g ol AP S AT ol 2 .

Sampling frequency 40 MHz

SHA S 9g7ls ols 3| Z i
sl teet SNRe B7Fsh] 9fs A ‘?_]’A]—Zﬂ(pomt Number of elements 128
target) 2 /3% O] W (phantom)o] ARE-E|S1C Element pitch 300 wm
] 1dbo]| AFR-E AlY 4= Table 19} A 2|3} th Element width 270 um
2153t o o]l 117 <i(beamforming) 2 4154 2] Sound speed 1540 mis
(echo processing) 748 -8 3402 7wl 2ick. Dynanic range 0 d3
WL TPYA AL B4 P receive dynamic

% 7] 20] Bl -6 dBES 245193 1 A Fig

focusing) 2} 3| ™ ZH(hamming window) $+4>5- 0]-8-3F =5
8o e XAt} CFE] 739, $4l A& AN =
3

apodization©] -§-5+91 0.1 A4}e] %52 % | (Dynamic :
Range,DR)Z 50 dB& 2}%3}] . o) Zo| 714 FA Uel AL 318 @4fo 2 Q5]
Fig. 70 7 WhARA| 2 4% mo] We] o 2 HE] AR A
1) Ao b by A A1 0] S5l olel Tk A (3,-12°, 12°9)2}(9, -12°, 12°)¢] STF-PW
[e]

| Aroj| A= =4 0] Zol Zlo Q] 2] 3} ¥u

S 0] AL, Figs. T(0) - 6O (Vo Oy O) 0 1= 1 A2 Sl Zholell nheh SRS Sk ob
_]

Z

7} 212 (3,-3%,39), (3,12, 129) 12] 319, -12°, 12°)¢]
STF-PW Aol et gAF t3-o] AL sinc waver}

9

Alglol F=A 9| Fol FUstrt (3,-3°, 393 STF-PW
BN Fh 2l Fol Zlofof whef Ttk A
: STE-PWe] S2¢] o] F(F 5.88 mm)o] =21 R E(90

mm Z1o]o]l ] OF 1.46 mm) WLe} 7] whof =41 1

< 38.4 mm »

(0,15)
.

10 mm 5
mm’
® o0 o o
(-10,25) (10.25)

> = e e s il £
o 5 g
3 3 E:
<< <

10

10 -10 0
Lateral distance[mm]

10 -10 0
Lateral distance[mm]

VlEa[rral msSancs[mm]
(a) (b) (c) (d) (e)
Fig. 7. (a) Image of point target phantom and B-mode images obtained by: (b) CF, (c) STF-PW (3, -3°, 3°), (d)

STF-PW (3, -12°,12°) and (e) STF-PW (9, -12°, 12°). White dotted lines indicate boundary of non-spreading
regions.

-10 0 10
Lateral distance[mm]

The Journal of the Acoustical Society of Korea Vol.33, No.3 (2014)



206

Egﬂfﬂ&isﬂ

oﬂ o af) A& 27140 dB) S &
A ¢t ZH-&(white Gaussian nmse)%
ot Al St ghSof el I &S 4=

-5 CF

——STF-PW (3,-3% 3%
——STF-PW (3, -12°,129)
~©- STF-PW (9, -12°, 129)

Mainlobe width [mm]

1l

40 60 70 80 90

50
Deth [mm]

Fig. 8. The full width at half maximum (FWHM) of CF
and STF-PW methods.

_8
[as]
=
e
z
172}
4 3 10
Na
(a)
-7 CE
v ——STEPW (9, -12°, 129
- /
= ~ v s
= v v \\
= Y
z v, \\
2 ", i~
N N
.
N
v
"0 20 10 80 EY
Depth [mm]

(b)

Fig. 9. SNR variations with (a) synthesized number of
plane waves (i.e, NV,) and (b) depth.

Ot SEelRIX] H33@ M3 (2014)

R EECEE FEEREEESELET
ngnazg]' 5o vk P E AAFe O Z 2] SNR =
=73tk

Fig. 92 3141 Sk, 4 gl 1213 Zo]of mj2
SNR 9] Ho}E Kook oM & 4 5o
STEPW 9] SNR & g4 515:0] ufel Z7ks10] o]
of e} 2ok AL 2 4 9lek. S5 Alehe 31
=430 2 915 SNR ©] 747} CF W} ehylsicy. vk
WICF o) 7., 147 ol Foll 4 H25] l45H 7
Hafe] B4 uhpo] A&US AT Folo
SNR o] W24 7254 212 3 4 gleh

-
o A
ﬁ’é‘ T

V. E 9

Bercoff 5”17} Denarie 5!%0] | o3t
ol A= ol w2 ¢ (angle compounding)-&-
43517] Y3l 0 =sin"'a = a 2 LAISFSE HEFZ)
AFg-HeIE Fig 100]4] 3 5 Ql3zo], B2 07k 5
= 7490, 16.5°) AR wh2 2.4} glo]
=3 22 QU Ak, AT FFAFS 93 HEF
AZ1RA(e]l, 35°) Wl R o] @7} st
o= Qlct whaka] o) 7|9k 1A E
7] M= A e S o] -3l |t
ofof ghet.

STF-PW7} CEX T} 3pAkE
A=, CF) Aol =9 94
9] A7) wiel v
%E]_'[l,lz]

NE

flo 2 of

of M
_oL

mlo )

E'-_
=

Oo_|>:,

I~

N

N
m}m—ﬁ

J
RSO
i

i n2

C o o

of fr
O:

(<]

—_

BN
i)

3Z O
—

7E

N,-Aaz2DJz, 13)
M(B)Q o]_s:LOH _p]sk
GL7H 3] 9271 9l 214
(12)258 & 5= 3t & =
w701 300 um 12| 31 CF2] 541 3
1o, HEkzre] 20300 18] 1L
1353)7} E]ojok gt} YutA o &2
128 o] AN AR5}l STF-PW= 1L
&0l 7hs ] w2l CFof HlLGPO% Al

HT
12
:\9
mlm
i)
o
<t
> o

>
oP}
)
o
>
=

o ol
et

:

24 (U AN

o
N
S

4
E

ey
=

o

>.

o_EL—LI‘>~

»
r

o
2L o b

o

ofr ot
|

f
o

=

}

)



ofl,

Magnitude [dB]

Approximated model

1 15 2 25
Lateral direction [mm]

(a)

Magnitude [dB]

[+ Proposed model - Approximated model|

0.5 25

1 15 2
Lateral direction [mm]
(b)

Fig. 10. Simulated lateral beam patterns with
approximated model and the proposed model when
(N, 0.0, 0...) were (a) (9, -16.5°, 16.5°) and (b)
(9, -35°, 35°).

jui]

3|4 Ak vig o 2 STF-PWE] A[7E
AT 18] 31 3 5 I (penetration) 2} -2 Al 5
7} &7 2 0] A gFi AN (trade off) Aol Qlrh=
4= oleh 3 O 7 280} AR ALR-E]
Hclinical application)o]] wj&} ¢-A&H o= g
o] &7 gt} whEkA STE-PWS: 9171 212
A 2AE 58 Bofol uke} 27 A4 o]
Aot} 53] 4lz-gut 4} oheFet Fghg

S1ISlo)) 4 = H o maolgo| W Qs o
011 N, 7} AlgtEch 1 A}, sidwe] At B

L_o]

ruO
rl

ul

S
(]

oXx,
o[r

2 © lo i o mlo
rir

e o

=]
[e)
e

>~
Oa:

{0 o

541 14 7] 34 207
s VN A
SN A A
E BRVIRTERY Y

I \v} [ oY

\

|

[—:-0.1848 ~ 0.1848 - 0: 0 ~ 03696 H

) 05 1 15 3 35

2 25 )
Lateral direction [mm]

45
Fig. 11. Simulated lateral beam pattern of STF-PW
with different ranges of steering angle. It can be seen
that main lobe widths of both beam patterns are
equivalent since the value of « is the same
for both cases.

~

max — mm

Magnitude [dB]

>

2 25
Lateral direction [mm]

0.5 1 15 35

Fig. 12. Simulated lateral beam patterns of STF-PW
when ¢, were 0°(solid line) and 5°(dashed line),
respectively.

GLOJ A2 o]uf e 5= itk whebA] s e AlskE
7] feid= adH o2 GLE AAY = A=W
ol thet A7) H asie) a4 Eat opy e, &
Al 315=2) A ghS- SNRY| 3 F = o] "o 2| x|ut 51
=3} o] 7](coded excitation) 7] 1S o] g3 WA}
o] 7k Zlojth

2Al(10)0l| A = = QU50l, STF-PWE] 3l
F2he] Faf updol| ofsf A Hh 5
o o] ot HaFz o] FHol Fdsirtd 5
| E2 srethe 2= Fig 112 CW 2o H
Eofl Zhle 4= ek B3 A Qb S AR5,

Fig. 12041 & %= Ql5z0], A 914, &, OF A

Ir
r'l

T

N T
o

oF

=

8]9

R

d

0]

rSL'
MIO N

The Journal of the Acoustical Society of Korea Vol.33, No.3 (2014)



208 ol%3,
€ in1 Field of view
[ —— = = — — — |
1 NSR I
! —
! |
! |
Hmax.l 1 o N 1
1 5 . .
1 o . 1
Hmm'7 I I
{ |
| 1
! I
! |
gmax.l I 1
1 : . |
! . ° 1
Hmm.z I 1
{ |
! |
| T
1 ]
Depth
gmax.} p
Fig. 13. lllustration of the method to effectively

broaden non-spreading region.

ll

7k, g of wet gJojo] R FAAS

do] 7R3l A7) = 7R S AR S o]

Ao A 2] 912 B MDMM

/JR o2 M Fig 139 o] NSRE &
=5

]_

Oll
ol
rE o

O_u )'\l
Jkﬂ. HU ox rlr

JE
_|>J

SIeely
S A~
g

J;
2
o
u

o

L
=

VI,

i

rr
o
2

Ir

2
ol
)

o

o i
4
o

_E

s

e

LTS

7 %

o

=z [

)
>,

QL
w2
&
ae]
=
iy 19

in)
Kor
%
1

~{

N
=
=

BN o
¥ i

iy, M
[

A|m
ox,
1
Ty
ol
e
A
o%
%
ox

)
o ore X oz H

Q&

Y
&
-

oZ
ftjo

R
1o X

H o mo
et
4>

o N
for %k ok

Moo e
ol
-
N

o oe dn o

Lo

i
ot

A W
32

=
o, do
ftlo
4> 32
yo Lt

o of i

44 E orfr o
ro,
et

o
_-
[

A|m
o,

o 32 | 1o

K og M
AN
Z
filo
fof
i)
)
= _IEL’
toy ﬁ
(IS}
o D2z
£ 3o Ho ok

5
o
2
xR
o
2
2
it

H
i)

A
ot

o
o
o
%
o
olN
9|L
e
o

T =] -2 (NIPA-2014-H0401-14-1002).

Ot SEelRIX] H33@ M3 (2014)

10.

11.

12.

13.

14.

15.

References

. T. K. Song, “Analysis of synthetic aperture techniques for

ultrasound linear-scan imaging,” J. Biomed. Eng. Res. 20,
503-513 (1999).

. J. Bercoft, M. Tanter and M. Fink, “Supersonic shear

imaging: A new technique for soft tissue elasticity mapping,”
IEEE Trans. Ultrason. Ferroelect. Freq. Contr. 51, 396-409
(2004).

. J. Bercoff, G. Montaldo, T. Loupas, D. Savery, F. Méziére,

M. Fink and M. Tanter, “Ultrafast compounding Doppler
imaging: Providing full blood flow characterization,” IEEE
Trans. Ultrason. Ferroelect. Freq. Contr. 58, 134-147(2011).

. B. Denarie, T. A. Tangen, I. K. Ekroll, N. Rolim, H. Torp, T.

Bjastad and L. Lovstakken, “Coherent plane wave
compounding for very high frame ultrasonography of
rapidly moving targets,” IEEE Trans. Med. Imaging, 32,
1265-1276(2013).

. G. Montaldo, M. Tanter, J. Bercoff, N. Benech and M. Fink,

“Coherent plane-wave compounding for very high frame
rate ultrasonography and transient elastography,” IEEE
Trans. Ultrason. Ferroelect. Freq. Contr. 56, 489-506(2009).

. J. Durnin, “Exact solutions for nondiffracting beam. I. The

scalar theroy,” J. Opt. Soc. Amer. 4, 2081-2091(1987).

. J.-Y. LuandJ. F. Greenleaf, “Nondiffracting X waves -

Exact solutions to free-space scalar wave equation and their
finite aperture realizations,” IEEE Trans. Ultrason. Ferroelect.
Freq. Contr. 39, 19-31(1992).

. M. K. Jeong, T. K. Song, S. B. Park and J. B. Ra, “Generation

of sinc wave by a one-dimensional array for applications in
ultrasonic imaging,” IEEE Trans. Ultrason. Ferroelect. Freq.
Contr. 43, 285-295(1996).

. J. H. Chang and T.-K. Song, “A new synthetic aperture

focusing method to suppress the diffraction of ultrasound,”
IEEE Trans. Ultrason. Ferroelect. Freq. Contr. 58, 327- 337
(2011).

K. B. Ocheltree and L. A. Frizzell, “Sound field calculation
for rectangular sources,” IEEE Trans. Ultrason. Ferroelect.
Freq. Contr. 36, 242-248(1989).

J. A. Jensen, “Field: a program for simulating ultrasound
system,” Med. Biol. Eng. Comp. 4, Suppl. 1, 351-353 (1996).
A. Macovski, “Ultrasonic imaging using arrays,” Proc.
IEEE, 67, 484-495(1979).

G.-D. Kim, A study on the optimum design of periodic sparse
arrays for ultrasound imaging, (PhD thesis, Graduate
School of Sogang University, 2008).

P. Song, M. W. Urban, A. Manduca, H. Zhao, J. F. Greenleaf
and S. Chen, ““Comb-push ultrasound shear elastography
(CUSE) with various ultrasound push beams,” IEEE Trans.
Med. Imaging, 32, 1435-1447(2013).

N. C. Rouze, M. H. Wang, M. L. Palmeri and K. R.
Nightingale, “‘Parameters affecting the resolution and



ofl,
=)

<
ul

ol g3t

il

P

accuracy of 2-D quantitative shear wave images,” IEEE
Trans. Ultrason. Ferroelect. Freq. Contr. 59, 1729-1740
(2012).

16. R.'Y. Chiao and X. Hao, ““Coded excitation for diagnostic
ultrasound: A system developer's perspective,” IEEE Trans.
Ultrason. Ferroelect. Freq. Contr. 52, 160-170(2005).

17. B.-H. Kim, G.-D. Kim and T.-K. Song, “A post-compression
based ultrasound imaging technique for simultaneous
transmit multi-zone focusing,” Ultrasonics, 46, 148-154
(2007).

18. J. Song, S. Kim, H.-Y. Sohn, T.-K. Song and Y. M. Yoo,

“Coded excitation for ultrasound tissue harmonic imaging,”
Ultrasonics, 50, 613-619(2010).

&3t

A £ Al R4 7] H o] 4] 209

| mxt o=

» 0] & Zl(Jong Pil Lee)

20123 2 AZoistm MAFZ st
(BN

201414 22 MZchstm MAKE st}
(ZetAAL

20144 3 ~ Sixh: MZof2i 7 |&H+
o|R7|&ATA

4
-]

3|(Jae Hee Song)
20044 22 MZCHstn ARFElZstat

(SSHA
o E 2006_‘—’:1 8 MAUHstm MArZE st}
O ) (BetAA} B B
= 20121 28 NUTHStm BO|2 BRI

BST(B3EN

U 201201 ~ BiXK, HZOI2A7 &7 ol
TN

» & Ef 74(Ta|—Kyong Song)

; 1984\ 23 M st MXtS st
(ZstAh

19004 2&: st=2utsty|&@ X7|- MX}
SefIHZEIEEAD

199514 62 ~ 19974 82! Siemens Medical-
SystemInc., Ultrasound Group, Issaquah,
WA98027, USA, Staff Scientist

1997'A 92 ~ Sixl: MZ st HMXtZst
I A

2010 7€ ~ Sixl: MZohstn o227 |
HAA, AX

20118 ~ Sixl: ist=Sme|= 7| 7|7
3, 31E

The Journal of the Acoustical Society of Korea Vol.33, No.3 (2014)





