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Beam Simulation in
Diagnostic Ultrasound

M. H. Bae, S. W. Lee
R&D Center, Medison co. LTD.

Abstract - The 2-way beam simulation for
the diagnostic ultrasound is performed with
simplified computation by approximating the
transducer and the system. The results show
that the simulation program can be used as a
good system design tool.

1. 48

2502979 AT 7F&dl lateral resolutione
F8% 240} SystemS AAT Wiy AZE o
°] lateral resolution®] ©1%7 2 17} T AHA
29 dupy Zol7h UErl 58 UV 93 Fue
#UZM beam simulationd FFch oW g4}
image®] o™ AF§ Pl EA oo systemE
AAE & = F A3 4 oy AXME F
S F AAY F ot AA2 systemo]A] ojw &
W FdgE mXE NE a3 & F e
oA Bz g3, olE ¥¢7] 93le system
71 oFgAYSY & g WA &
= F%E vAA He U3 AdH4E 2
olg & A%7F 2ok whA o), simulationd A$E
3 oj#H o] vk &, simulationd FAYE
A& dvly A8 modelingdt =7t et 1 4
#7t dA .

2E59AE71e dA

B~
i
i o

-z o ot

He

Ta
o

N

E_,

[o]

i)

oin Pumoze AN

F& 1889 1-way beam simulation®] F= &)
A}, o] AW™OZE A7 systemol N AaF oz
I, 98714 d4& HdErles via BEFso

€ =%dA4e #4412 main-lobe #29 54|
FEAFIL AF 2AEFoZAN HuE dEd
transmitter ¥ beamformer& modeling, o1& 7}A 2]
AAZAE A 2-way beam pattern(point target
image)& T 5 A A

2. Simulation Strategy

2.1. Goal

thkgd AAzASA  2-way beam pattern
(infinitesimal point target image)& 4&o] B =&
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target
target position (x,z)
Probe
probe lateral geometry including
probe type (linear or convex array)
element spacing distance / spacing angle
# of element
center frequency
bandwidth
Beamforming
TX apodization function :
Rectangle, Hanning, Hamming, Blackman
RX apodization function
Rectangle, Hanning, Hamming, Blackman
TX f number '
RX f number
# of Tx channel
# of Rx channel
System & Image
focusing delay temporal resolution
image dymic range
image size, pixel distance
Error
No error, gain and/or phase error (Tx, Rx
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2.2 Modeling
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- Frequency dependent attenuation :
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3. Simulation Results

3.1. Default Simulation Parameter

Probe : 493 transducerZ 4,
Curved Linear Array:
3.5MHz/40R/128EL/90° , BW 2.4MHz
Linear Array :
7.5MHz/38mm/128EL , BW 4.1MHz
9] 27}
Beamforming
TX apodization function : No(Rectangle) window
RX apodization function : Hanning window
TX dynamic aperture f number
= 15 for 3.5MHz CLA, 2.0 for others
RX dynamic aperture f number
= 15 for 3.5MHz CLA, 2.0 for others
# of Tx channel = 64
# of Rx channel = 64
System & Image
image dymic range = 40dB

image size = 2em*lem for 3.5MHz,
1lecm*0.5cm for 7.5MHz probe
Error
No error
71 &

2839 £% : 1540m/sec

3.2. Results : Curved Linear Array 3.5MHz

[29 1] TX, RX Channel Number (Tx Ch. # = Rx
Ch. #)

Tx foc.

point

[mm]

16Ch.

Target z
[mm]

60 30

120
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[ 2] System Bandwidth (Tx ch # = Rx Ch #
= 48, RX, TX =% no apodization)

Tx foc.|Target z
point [mm]
[mm]
60 30

60

90

120

150

[1& 3] System Bandwidth vs. Apodize (BW in MHz,
Tx ch # = Rx Ch # = 48)

Tx foc.[Target z|BW=0.5 BW=0.5 |BW=2.0 |BW=2.0
point [mm] NoApod |Apod
[mm]
60 30
60
90
120
150

[2¥ 6] RX Channel Gain Difference

(Tx &Rx Channel # = 48, no apodization,
difference standrd deviation = 0.3)

Tx Target |No Difference

foc. z Difference

point |{[mm]

{mm]
- B |
G
120
150 -

712} Beam Simulation

3.3. Results : Linear Array 7.5MHz
[Q& 4] System Clock Frequency (Focusing Delay
Temporal Resolution)

Tx foc.|Target z|Ck =|Ck =|Ck =|Ck =

point [mm] 61.6MH {100MHz {200MHz [1GHz

fmm] z
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4. Discussion

4.1. Tx & Rx Focal Point

Tx¢ Rx9 focal point7b & A% 2 AFHZA
9] image® &7 4A ¥1, FE simulation
of o]&stAl Hrh. 7oA 9] simulation results®
BE o)g #AF AIFS & F AUk

4.2. Apodization
Width
Beam2 44 #1248 @ CW model& ®o] &0}

: Apodization® Probe Band

[3]. ¢] W= one-way beam profile®] apodization
function®]  Fourler transformo.Z FojAE=
apodizationg AH&8tA 22 A$  (rectangle
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4.3. Focusing Delay Accuracy

o]442Q ZA$ focusing delay: 237 Qoul,
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