The Journal of the Acoustical Society of Korea Vol.42, No.3 (2023) pISSN : 1225-4428

st2Sskels K| M42H MBS pp. 203~213 (2023)
https://doi.org/10.7776/ASK.2023.42.3.203 elSSN : 2287-3775

Q|88 =F Fof ALHO0N M2 422 AHEZO)A]
Hel IFSXIE 08¢ FE2| A

Suppression of side lobe using distance weight in spectrum of
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ABSTRACT: In medical ultrasound imaging systems, Side lobes may appear if signals outside the imaging point
are not completely removed during receive focusing. If the time signal of the side lobe overlaps with the time signal
(main lobe) from the image point, it is difficult to completely remove it using filter processing in the time domain.
However, In the receive focusing process, when time-channel signals are Fourier-transformed, the main lobe and
side lobe signals are spatially separated in the spectral domain. Therefore, the side lobes can be suppressed by
multiplying the image with magnitude weights, which are determined by the magnitudes of the main and side lobes
calculated in the spectral domain. In addition, when the main lobe and the side lobe spectrum are adjacent, the
distance weight was applied based on the distance between them. In a 5 MHz ultrasound imaging system using
a 64-channel linear transducer, point reflector and speckle images with cysts of various brightness were
synthesized and weights were applied to the ultrasound image. Using computer simulations, we confirmed that the
side lobes were greatly reduced without affecting the spatial resolution in the point reflector image, and the contrast
was significantly improved in the cyst image with computer simulations.
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Fig. 5. Point Spread Function (PSF) images of a
reflector at 40 mm depth, (a) conventional image, (b)
image with Hamming apodization, (c) weighted image
(v, =10, 7,=0.1), (d) weighted image (v, =10,
Ya = 10).
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Fig. 6. Comparison of the lateral field responses of
point target at 40 mm depth, conventional image
(solid line), image with Hamming apodization (dotted
line), weighted image (dashed line) (v,, =10, v, =
0.1), weighted image (dash—dotted line) (v,, =10,
7, = 10).

=k sldstar glok kA
| Y= $1A] el A Hof Xt
A8 3 &ehal Al B4
AF /), A Hlo]Ef o]l

g Q0), 7FeA A E T B

(©<} (S HeRHSITE 7HEA1= Egs. (D Q) E Al
Aksto] -5t QAdoll F51l e H ()0l Al v, =102}
74 = 0.1& A8t 3L, (d)oll Al v, =10k, =10
2839tk Fig. S(c)oll Al F82] 2717F 2A £
E9loH F¢9] Fol 7]£9] G/} vl S5 A 4]
Skat Atk Fig. S(d)oll A= F42] 2717 A =W

)
=
o]

1mH1

o o

Z
e
1—7_‘1—

HE=
O] A%

o &

=4

el
W
é
_|\l

ig.

R0 %

3
HE= 4 7]

$a7129 3
N A el

1A} 7
=
=

|

SRR ELEENERECES R
Fig. 62 43+ 19| 2718 vwsts] s}l
1% SOl HF 2 2718 ool Tk Y
7 GYCIAE Fo] Bol=t fhAl] FEY &
ol AR w0l Siek. 1A A 8T ACEEA)
R L EETEERFERE
R EENER ENEE BN R b
PO S FISHA L, 235k el M 2]
2542 8%

A Bt R {83 542 ofyrt.
7V A 9] AL thEo] IS A2k 64 Ad
g0 el 2] A7k Zoll A WE0] A4 87, 8uf w7t
= 5t 64 W& AME-SIATE 64 x 64 7] 2] 23+
dlojefoll A 221 a7 A& F3t ol 22+ 2]
of] HEhS 2183191tk 64 x 64 7| O] AW EF G

SRS UeIel| H42@ H3L (2023)

relative magnitude (dB)
) £ & R L
[=] o (=] [=]

o
o
T

)
S

70 , . . . . . .
6 4 2 0 2 4 6

lateral distance (mm)
Fig. 7. Comparison of the lateral field responses on
a magnitude ratio scale of a point target at 40 mm
depth. conventional image (solid line), ~,, = 0.2 (dotted
line), ~, =2 (dashed line), ~, =20 (dash—dotted
line).

relative magnitude (dB)

-6 -4 -2 0 2 4 6
lateral distance (mm)

Fig. 8. Comparison of the lateral field responses on
a distance scale of a point target at 40 mm depth,
conventional image (solid line), v, = 0.1 (dotted line),
v, =0.5 (dashed line), 7, =2 (dash—dotted line).
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Fig. 12. Comparison of filtered images (70 dB log
compression), (a) conventional image, (b) main lobe
image, (c) image with Hamming apodization, (d)
weighted image (v, =0.2, ~,=0.1), (e) weighted
image (v,, =0.1, ~, =0.05),



o

E-oA Az 7RIS o83t o] oA 211

Table 1. Evaluation of CR and CNR in hypoechoic
sk cysts A, B, C, (a) conventional image, (b) main lobe
image, (c) image with Hamming apodization, (d)
g-m i weighted image (v, =02, 7,=0.1), (e) weighted
2 s image (v,, =0.1, v, =0.05),
=1
§-20 i CR CNR
2251 image A B C A B C
T 3ok (@ | -571 | -559 | 278 | 190 | 1.90 | 1.13
st (b) -21.96 | -8.65 | -2.84 | 4.80 2.66 1.21
w0 (c) -15.01 | -820 | -2.87 | 3.79 2.69 1.25

lateral diatance (mm)

Fig. 13. Comparison of the image magnitude at a
boundry of cyst B, conventional image (solid line),
main lobe image (dotted), image with Hamming
apodization (dashed line), weighted image (~,, =0.1,
7, =0.05) (dash—dotted line).
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