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- Influence to the Doppler Images by the Defects of Piezoelectric Elements of the

Probe of Medical Ultrasonic Scanners

(Focusing on the Impact of an Increase in the Defects of Piezoelectric Elements) -
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Table 1, Deficiencies identified
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in ultrasonic  scanners,

showing that probe related problems ranked as the 2nd

most common defects(Moore 2003).

Deficiency

Proportion (%)

Image quality

20.5

Probe related problems
- Cracks

- Air intrusion

- Connector malfunction
- Scan line orientation
- No image

- Cut in the cable

20.5

Image display and hard copy
- Gray-scale adjustment

- Printer non-operational

- Raster line appearance

- Frame cut-off

- Geometric distortion

- Flickering display

17.9

Image uniformity

Physical & visual inspection

- Buttons not lit

- Sticky tracking ball

- Malfunction in toggle switch
- Loose parts

- Dusty

6.9

Penetration

6.8

Software (presets)

7.7

Doppler related

2.6

Total

100.0
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(Gammex 1425A LE Doppler Flow System, GAMMEX
Inc., Middleton, WI 53562—0327, USA, Figure 1)<
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Figure 1, Doppler QA Flow phantom used in this
experiment (Gammex 1425A LE Doppler Flow System,
GAMMEX Inc,, Middleton, WI 53562-0327, USA),
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Figure 2. An experimental panel for electrically disco-
nnecting the piezoelectric elements of the ultrasonic probe,
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Figure 3, Process of acquiring Doppler images as was
increasing the accumulated number of the elements of the
probe electrically disconnected from O to 191,
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Figure 4, Examples of the Doppler images acquired as was increasing the accumulated number of the elements of
the probe electrically disconnected from O to 191 at the flow rate of 50 cm/sec set in the Doppler phantom, (a) no
probe element disconnected, (b) probe element from 0 to 68 disconnected, (c) probe element from 0 to 78
disconnected, (d) probe element from 95 to 57 disconnected, (e) probe element from 95 to 47 disconnected.,
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Fgure 5, Variations of the flow velocity measured from the Doppler images acquired as was increasing the accumulated
number of the elements of the probe electrically disconnected from O to 191 (left curve) or from 191 to O (right curve),
for the flow rate of 20 cnmy/sec set in the Doppler phantom, (Vupper — 0 to 191, endVupper — 191 to Q)
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Fgure 6, Variations of the flow velocity measured from the Doppler images acquired as was increasing the
accumulated number of the elements of the probe electrically disconnected from O to 95 (left curve) or from 95 to O
(right curve), for the different flow rates of (@)20, (0)50 and ()80 cm/sec set in the Doppler phantom,
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Fgure 7, (@) Concept of the time average Doppler velocity profile by projecting the Doppler image to the vertical axis,
Variations of the time average Doppler velocity profile constructed from a frame of the Doppler image acquired as was
increasing the accumulated number of the elements of the probe electrically disconnected from O to 95, for different
flow rates of (b) 20 cmy/sec, (c) 50 cmy/sec and (d) 80 cmysec set in the Doppler phantom,
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Figure 8, Normalized Doppler velocity measured with the Doppler images acquired when increasing the probe elements
disconnected at the 3 different flow rates of 20, 50, 80 cm/s, (a) the elements disconnected increasing from o to 95,

(b) (@) the elements disconnected decreasing from 95 to O,
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» Abstract

Influence to the Doppler Images by the Defects of Piezoelectric Elements of the
Probe of Medical Ultrasonic Scanners
(Focusing on the Impact of an Increase in the Defects of Piezoelectric Elements)

Kyung-Sung Lee

Department of Radiotechnology, Cheju Halla University

This study has investigated the effects of the defects in the probe elements influence Doppler images in
the medical ultrasonic scanners,

This work was implemented that the quality of Doppler images depended on the extent and location of
the probe element defected. The probe performance was rated in terms of the number of piezoelectric el-
ements lost and this was studied in the experiment by electrical disconnection to the elements,

The results showed that Doppler velocity became rapidly reduced as the defected elements encountered
with the element group activated at the Doppler mode, not as the flow velocity. The effect of the probe
defect is decreased when the defects occurred at the element group activated for Doppler mode, as was
increased the number of the elements. It was observed that the higher the flow velocity of Doppler flow
phantom is, the wider the spectrum of Doppler is. And the Doppler velocity soared up and the dis-
persion of image brightness is increased when the defected elements got out of the elements activated at
Doppler mode, The result showed that TADVP(time-average-Doppler-velocity-profile) is decreased with the
increase of the probe element defect, especilly in the region of high frequency.

It is expected that the research of various defects of probe elements are needed, and this study can be
practical tools for probe based ultrasonic QA in the future,

Key Words : Ultrasonic probe, Piezoelectric element, Doppler image, TADVP
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