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ABSTRACT

The present study investigates an alternative method to the celebrated
Doppler technique. Remote sensing of motion based on the Doppler effect of
frequency shifted scattcred waves is a well understood and established technique.
The prospects of dramatical improvements beyond the present state of the art are
not promising. It is therefore worthwhile to investigate alternative and
complementary methods. A theoretical discussion of such a non-Doppler
method is given here. The first order velocity effects in the acoustical wave
equation are treated as inhomogeneous (source) terms and the solution is
represented in terms of a Green function integral. Hence this solution is the first
order of the Born approximation. For simple cases such as channel flows, the
integral can be evaluated, directly or by means of the stationary phase
approximation method. It is then shown that a broadband interrogating pulse
(which would be quite useless for Doppler type remote sensing) produces a
scattered signal whose pulse shape is directly related to the velocity profile. The
extraction of the velocity profile involves time integration, hence the present
method has a feature of noise reduction built into it. However, there are still
many open questions regarding the implementation of the present method in the
presence of spurious effects, such as turbulence, pressure and temperature
gradients etc. These problems are.bricfly discussed. Here, only a summary is
presented. The full length version will be given elsewhere.

MOTIVATION AND INTRODUCTION

Remote sensing of flow velocity is usually based on the Doppler effect of
frequency shifted scauered waves. This is a subject area which is particularly of
interest in ultrasound systems for biomedical applications!. Although
theoretical controversies still exist23, clearly the method provides a practical
diagnostic tool. Since this method has reached a high degree of maturity, it is
questionable whether radical improvements and breakthroughs can be expected in
the near future. Therefore the investigation of new methods for flow diagnostics
for various applications i§ timely. Such an alternative method is considered
here, basced on the concept of propagation and scattering in moving media.

Essentially, this means propagation and scattering in the presence of flow
shear which exists at the interface between the two relatively moving regions.
Morse and Ingard6 devote a chapter to this subject. The literature on the subject
is overwhelming and a representative, rather than an exhaustive list of references
is given here7-22, These studies, including their cited references, provide a good
coverage of the existing literature.

The present study is similar to most existing models in that it investigates
the solutions of the wave equation in moving media. In the formalism
developed below the velocity dependent terms are considered to be the sources of
the field, i.e., they are treated as the inchomogeneous term of the differential
equation. A Green function integral representation of the solution i.e., a first
order Born approximation, is constructed. This approximation is valid for first
order effects in the Mach number. Higher order effects are neglected. A similar
formalism has been previously used by Censor and LeVine23, The interesting
aspect, and in that the present study is different from previous discussions, is
that the solutions, when considered for a broadband incident wave, e.g., a sharp
pulse, are related in a simple way to the velocity profile. This suggests a
diagnostic tool for measuring velocities, which is not based on the Doppler
method.

The new non-Doppler method has certain advantages and disadvantages,
compared to the Doppler method of flow velocity remote sensing. The new
method requires specular aspect angles, i.e., a bistatic arrangement, as opposed to
backscattering often used in the Doppler method. The Doppler effect method
requires long pulses which contain many cycles of the R.F. signal (i.e., the
carrier frequency). It works best with a time harmonic signal i.e., CW wave,
On the other hand, the present non- Doppler method operates best with a broad
spectrum, ideally a 8-function, which of course cannot be achieved in a real
system. The Doppler effect diagnosis of velocities requires a focused and range
gated beam, in order 1o know from where the signal arrives and what the velocity
at that location is  Tf the heam is not focused or the range gate too wide, many
frequency shifts will be created 24, 25, i.¢., we will measure a Doppler
spectrum. On the other hand, the non-Doppler method described here requires a
divergent beam and wide range gate to operate properly. It is therefore possible

that the new method will prove to be complementary to the Doppler method, in

the sense that one will operate better in a case where the other's performance is
poor.

Finally, it must be stressed that the present study is theoretical. It is not
fully clear how spurious effects such as turbulence, pressure and temperature
gradients will affect the practical measurements. A brief discussion of such
effects is given below
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