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Recently, ultrasonic sensing techniques are widely

used in various scientific ultrasonic instruments and

sophisticated software has already been
commercialized for many industrial and medical
applications. One of the great advantages of ultrasonic
sensing is its outstanding capability to probe inside
objectives non-destructively because ultrasound can
propagate in all kinds of media (solids, liquids, and
gases), except vacuum.

In addition, ultrasonic sound systems in air are often
used for distance measurements, range image
measurements, etc., because they are simple to use and
inexpensive. However, they offer only a short
measurable range (only up to a few meters) because of
the large absorption of ultrasonic sound and are large
in size. These systems comprise an array receiver with
multiple receiver elements. Due to the Ilarge
inter-element spacing, grating lobes appear and the
ghost image problem occurs, which hinders the
production of these systems. However, because of the
recent progress of micro-electro-mechanical systems

(MEMS) technologies, it became possible to develop a
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considerably small microphone array with multiple
elements in a very small area. To extend the
measurable range, some approaches such as using
high-power large-scale transmitter elements,
improving the signal-to-noise ratio through the pulse
compression technique, etc. were reported. In this
dissertation, a range imaging system using a
high-power ultrasonic phased-array transmitter and an
ultrasonic array receiver using MEMS microphones is
investigated.

In Chapter 1, the background of the field of the range
imaging sensor is provided and comparisons are made
with other conventional techniques for the 3D
measurement of an object with range-imaging sensor
systems using ultrasound. The motivation and purpose
of this study is also described. Here, an ultrasonic
range imaging system using a high-power array
transmitter  for  long-range  measurement is
investigated.

The principles and configurations of the array
Chapter 2. The

characteristics of the transmitter (number of elements,

transmitter are described in

modulated pulse width, etc.) are investigated
theoretically. Experimental investigations are also
performed and compared with the theoretical results.
Thus, it is clear that sharp directivity and high sound

pressure are obtained by the array transmitter. An



ultrasonic array comprising 144 (12 X 12) elements is
constructed. It is controlled using four FPGAs, and a
sound pressure level (>30 dB) higher than that of the
single transmitter is obtained. The performance of the
transmitter on the range imaging system is also
discussed theoretically.

Chapter 3 describes the principles and configuration
of the long-range imaging system using an ultrasonic
transmitting array and an ultrasonic receiver array.

The positions of the objects are measured by beam

forming of the receiver using delay-and-sum operations.

The characteristics of the receiver array are also
discussed. The performance of the imaging system is
compared with that of the system using a single
transmitter. A measurable range greater than 25 m is
obtained by this new system. The view angle of the
system is also discussed.

Chapter 4 describes the improved 3D measurement
field of an object by controlling the sound divergence of
the ultrasonic transmitting array to improve the view
angle of the system. In the previous chapter, it became
clear that the directivity of the array transmitter is
considerably narrow (a few degrees). Although the
measurable range increases significantly, the object
detection view angle becomes narrower in the
transmitter in-phase. In some applications, a wide view
angle is required. Therefore, an imaging system using a
phased array transmitter with a control of the sound
divergence of the transmitter is proposed. The principle
of the divergence control of the transmitter is described
and confirmed by numerical simulation. The system is
constructed and investigated experimentally. The
divergence of the transmitter is successfully controlled
until 30° (half width), and the experimental results
show good agreement with the theory. Although the
sound pressure of the transmitter with the divergence
of 30° is 15 dB less than that of the array transmitter
in-phase, it is approximately 7 dB higher than that of a
single transmitter. Image detection is demonstrated
and the measurable range decreases from 16 m in the
array transmitter in-phase to 11 m in the
divergence-controlled array transmitter (30°) for an
object. The view angle increases with the divergence of
the transmitter.

In Chapter 5, a range imaging system using an array

transmitter with an anisotropic divergence control is

discussed. In the previous chapter, it became clear that
although the view angle is improved by the divergence
control of the array transmitter, the measurable range
decreases. In some applications, a wide horizontal
measuring field and a narrow vertical measuring field
is required with a long range measurement. Therefore,
an imaging system is proposed that uses an ultrasonic
array transmitter with the anisotropic divergence
control system, controlling the horizontal and vertical
divergence angles independently. The horizontal
divergence is made wider and the vertical divergence is
made narrow to prevent the decrease of the sound
pressure by the spread of the sound. The principle of
the anisotropic divergence control of the transmitter is
described and confirmed by numerical simulation. The
system is constructed and investigated experimentally.
The divergence of the transmitter is successfully
controlled. Although the sound pressure when the
divergence is controlled at 20° x 5° is approximately 6
dB lower than that of the transmitter in-phase, it is 10
dB higher than that of the transmitter with the
isotropic divergence control and 26 dB higher than that
of a single transmitter. The performance of the
range-imaging sensor system using the transmitter is
investigated. It is compared with the system using an
array transmitter without the sound divergence control
and that with isotropic divergence control. The
measurable range of the system with anisotropic
divergence control is improved over that of the system
with isotropic divergence control by more than 2 m. The
view angle in the horizontal direction becomes wider.

A summary of the dissertation is offered in Chapter 6.
The developed system can accurately detect an object at
different locations up to 25 m range and also be useful
under natural interferences, e.g., smoke, rain, fog, and
darkness, thereby making it a unique novel long-range
ultrasonic imaging sensor. Further, scope for future

research is given.
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