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Detection of defective elements in a medical ultrasound

probe through acoustic field analysis and visualization

Kwang-Yoon, Choi

Interdisciplinary Program of Acoustic and Vibration Engineering,
Graduate School.
Pukyong National University

Abstract

Ultrasound probes for medical application have many piezoelectric
elements arrayed in a line or on a two-dimensional surface. Some or all of
the elements are employed for electronic beamforming to get an image line,
and a frame of image is obtained by electronic scanning or steering of the
formed beam. If a few. elements among them? are  electromechanically
defective due to cracks;-disconnecting of electric lines and so on, the image
obtained by the probe might be-degraded.

In this study, the feasibility of detection of defective elements in a
medical ultrasound probe was basically investigated by using the acoustic
fields for a 3 MHz linear phased array transducer which has sixteen piezoelectric
elements. The fields were simulated theoretically and measured experimentally using
a visualization system based on the Schlieren method. The simulation results
for steering angles of 0° and 30° show that the side-lobe patterns of the
transducer including a defective element are quite different from those of the
transducer with all normal elements, and those patterns are in good agreement with

the results of visualization. It is shown that the defective elements in a linear array

- viii -



transducer can be detected by comparison of the simulated side-lobe patterns and
the visualized ones in two dimensional acoustic fields.

In addition, the influences of a few defective elements on imaging
were analyzed by simulation for a commercial 7.5 MHz 1D linear array
probe with 192 elements. The qualitative difference in images and the
quantitative variation of lateral and axial resolutions according to the

number of defective elements were analyzed.
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Parts Characteristics
He-Ne Laser(Metrologic Ltd.)
Laser
Wavelength =632 nm, Power=1.5mW
NT55-582(Edmund Ltd.)
Expanding
Rear accessory attachment type
Lens
Expansion power : 20 times
Collimating Diameter : 900 mm, focal length @ 600 mm
Lens Plane-Convex type
Diameter : 900 mm, focal length : 300 mm

Focusing Lens

Plane—-Convex type

Beam Stopper

Knife-edge type

Screen

White-board made of fomex

CCD Camera

KP-120(Hitachi Ltd.)

124M Pixel, Shutter speed : 1/50000 sec
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