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A Study of Instantaneous Ultrasonic

Three-Dimensional Imaging Method*

Masayuki Nambu

Abstract

A conventional ultrasonic diagnostic equipment scans a measurement area us-
ing an ultrasonic beam which is made by electronic focusing. It is impossible to
acquire a motion image of objects with fast motion, because very long time is
necessary to measure the whole measurement area. Therefore, the frame rate of
the motion image which is acquired by conventional ultrasonic diagnostic equip-
ments is only 30fps as same as NTSC video, and to understand the fast motion
of cardiac valves accurately is also impossible.

This paper describes a new ultrasonic three-dimensional measurement system
which makes it possibleto visualize a three-dimensional object instantaneously,
overcoming a physical limit for medical imaging and industrial measurement.

Firstly, I propose an imaging method to transmit a non-beam ultrasound and
to receive echo from all objects in the measurement area using a two-dimensional
ultrasonic transducers array. Using this method, it will be possible to visualize a
motion of object with fast motion or with vibration, because a three-dimensional

image with high temporal resolution can be acquired instantaneously.

*Doctor’s Thesis, Department of Information Processing, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DT9761015, September 17, 1999.
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Secondly, to evaluate the performance of the proposal method, I manufactured
an instantaneous three-dimensional ultrasonic imaging system. This system is
composed of two-dimensional ultrasonic transducers array which transmits a non
directional ultrasound, wave memories which store the echo signals, and a graph-
ics workstation to reconstruct a three-dimensional image. I also manufactured
several ultrasonic array probes for medical and industrial measurements. The
probe which has smallest diameter was made assuming to use in a blood vessel,
and its diameter is 2mm.

Finally, I succeed to acquire the motion image of several phantoms of cardiac
organs with fast motion, and which motion is impossible to visualize using a con-
ventional ultrasonic diagnostic equipment. In addition, I prove that this system
has an ability to acquire a motion image with more than hundred times of frame

rate of a conventional ultrasonic diagnostic equipment.

Keywords:

Ultrasound, Three-dimensional Measurement, Two-dimensional Transducers Ar-

ray, High Frame Rate, Motion Image
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