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High-Resolution Determination of Transit Time of Ultrasound in Thin Layer

by Improving Characteristics of Ultrasonic Transducer
Using Cascade Inverse Matrix of 2-Terminal-pair Network

Tomohisa KIMURA, Hitoshi AsA1, Hiroshi KaNA1 and Noriyoshi CHUBACHI

Abstract
‘We propose a new method for improving the characteristics of the piezoelectric transducer using by the inverse matrix of the

cascade system so that time resolution in the determination of transit time of ultrasound signals in a thin layer is increased. The

complete set of characteristic of the pulse-echo system is described by a cascade of distributed-constant systems for the

ultrasonic transducer, matching layer, and acoustic medium. Acoustic input impedance and reflection characteristics are

estimated by using the inverse matrix of the cascade system and the voltage and the current signal at the electrical port. From

the inverse Fourier transform of the resultant reflection characteristic, transit time in an object that forms a thin layer is
accurately determined with high time-resolution. The principle of the method was confirmed by simulation experiments and

experiments using a water tank.
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port obtained from the inverse Fourier transform of Z;_...(w). (¢) Amplitude of the acoustic input impedance
Zin—oy; (W) at the surface of the object estimated using the inverse cascade matrix K'. (d) Amplitude of the
reflection characteristic I' (w) at the surface of the object estimated from Z;,_.; (w). (e) Time response # (t) at the
surface of the object obtained from the inverse Fourier transform of I'(w).
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Fig.10 Experimental results with an ultrasonic transducer (for 1 mm rubber plate). (a) Amplitude of the input imped-

ance Zy—a.(w) at the electrical port. (b) Time response Z...(t) at the electrical port obtained from the inverse

Fourier transform of Z;,—...(w). (¢) Amplitude of the acoustic input impedance Z,_.;(w) at the surface of the

object estimated using the inverse cascade matrix K. (d) Amplitude of the reflection characteristic I'(w) at the

surface of the object estimated from Zi,_.;(w). (¢) Time response # (r) at the surface of the object obtained from

the inverse Fourier transform of I'(w) .
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