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Ultrasound Imaging Experiment using the Envelope Method
with Reduced Number of Ultrasound Element Circular Array

Takuya SAKAMOTOT, Hirofumi TAKI', and Toru SATOT
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Yoshida-Honmachi, Sakyo-ku, Kyoto, 606-8501 JAPAN
E-mail: ft-sakamo@i.kyoto-u.ac.jp

Abstract In this study, we applied a couple of different imaging methods to ultrasound measurement system to
evaluate their performance. We employed a 128-element ultrasonic concave array system for this measurement.
Images generated by the conventional migration method were compared with the Envelope Method, a promising
high-resolution imaging technique. To check the imaging quality of an ultrasonic measurement system using reduced
number of elements, we selected 8, 16, 32 and 64 elements from the total 128 elements used in our imaging process.
The results show that the Envelope Method can produce clear images with the RMS (Root Mean Square) error less
than 0.5 mm even when using a small number of elements, suggesting that the introduction of the Envelope Method
could be an effective way of reducing the number of elements employed in array systems while maintaining its high
performance in image quality.

Key words ultrasound element array, Envelope Method, ultrasound imaging, reduced element number
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Fig.1 Ultrasonic imaging experimental system.
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Fig.2 Experimental system setup with an acrylic cylinder.
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Fig.3 A received signal w/ and w/o matched filtering.
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128 Elements
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Fig.4 Estimated images using the migration method.
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Fig.5 Estimated delay time for each element.

0ORMSOO0O S/N=40dBOOO0OO00 1.ommOO00000OO
000 Envelope0O S/N>17dBOOOO RMSOOOOO
0omm O000000032000000000000000A0
OO0 RMSOOO 3.6mmO0000000000O0S/NOOO
goboooooooooooobooooooooobooooo
oobooooooooooobooooooooboobobooooo
00000000000 0OO0EnvelopeJO0 RMSOOOODO
OO00000000000000000000 Enveloped0O
goboobooooooboooobooooooobbooooo
oooooo

5. U g

Yang O [15)0000000000000000000O0O0O
gobooooooooboooooboooooooobooooo
gobooooooooboooooboooooooobooooo
goboooooooobooooobooooooooboooooo
gobooooooooboooooboooooooobooooo
oobO200000000000000000O0C0000O00O
gobooboooooooooooobooooooobooooo
gobooooooooooooboooooooobobooooo
goboooooooobooooooobooobooooooo

6. 0 0O 0O

ooboooooooboooooooboooooooboooooo 2
gobooboooooobooooboooooooobobooooo
gooboooooooooooooooD 1280000000
OO0000OCO0O0O0O0oOOO0O0Oooon Envelope 0000
O000000000000000000000Envelope O
gobooooooooooooooooobooooo2800
0000000000 Envelope0JO0O00O0O0OO0OO0O0O0OO
gb0480080000000DO0000O0 103000000000
OO0O0O0O0O0OCOCOEnvelope000000O0O0O0O0OOOO
goboooooooooooobooooooobbooooo
0000000000000017dBO0OO S/NOOOO 128
00000 3200000000000 EnvelopedJO RMSO
o000 ommO0O0000000000000 RMSODO

4



128 Elements

1 T T [dB]
0
05 : -5
oo -10
Sol 1H-15
> ! ']
\ ! -20
-0.5 N 1
_.1 1 1 1
-1 -0.5 0 0.5 1
x [em]
1 32 Elements
05 .
T \\\
S, O B ! N
> ! [
! |
05 | " 1
_1 1 1 1
-1 -0.5 0 0.5 1
x [em]
1 16 Elements
05 .

y [cm]
o
1

0.5 F . , i

x [cm]

0 6 EnvelopeOOOOOODO
Fig.6 Estimated images using the Envelope Method.
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