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Introduction
The time reversal principle is a possible way to propagate
backwards to the noise sources. If the measured signal is
backpropagated by computation, according to Fink's mostly
experimental works for point-like sources [1], the reversed
wave must focus on the source. Wave fronts redirected back
from the transducers focus on the source, whether it is seen
or kept out of the receiver's sight. 

In the present work, we will test this idea by simulating
simple but non obvious situations: a point impulse source
surrounded by buildings or a spherical radiating surface in
an open space. 

Principles and formulas 
The sound propagation equation (d'Alembert's wave
equation with rigid bodies and no loss in the medium) does
not vary by time reversal. Due to the second derivative in
respect to time, if f(x, t) is a solution, f(x, -t) is also solution.
This implies that if a S(x, t) evolution in the source area
generates a R(x, t) evolution in the receiver area, a R(x, -t)
evolution in the receiver area will generate a S(x, -t)
evolution in the source area. Let us assume the source and
the receiver area to be boundaries of the domain. The
receiver area is a closed surface surrounding the domain, and
the source area is reduced to a point-like very small sphere.
It is sufficient to replay the R(x, -t) record on the receiver
boundary to obtain a focalisation on the source. It is
identified as a maximum signal spot. 

 In real conditions, the receiver area is replaced with a
discrete antenna. It is made up of a group of transducers. The
"replay" of the direct wave is for this reason only
approximate. It is the cause of the spurious parts of the
reversed signal (see below an example). Nevertheless, Fink's
works show the reliability of the method when the antenna is
not too small. In his examples, the antenna comprises
between 20 and 96 transducers.

Example: one source (S), one receiver (R), one
dihedral reflector.
The source is at S, the receiver at R. The time lags between
the Dirac-shaped signals arriving in R are: Si1R-SR, Si2R-
SR, and Si3R-SR. During the back emission, the images Ri1,
Ri2, Ri3, send simultaneously the four impulses. The
equalities due to the symmetries: Si1R = SRi1, Si2R = SRi2,
Si3R = SRi3 allow 4 Dirac-shaped signals to arrive at the
same time at S. Nevertheless, some parasitic signals remain
that do not focus in the physical quarter-of-plane. Their
number is 12, because the total number of reversed Dirac-

shaped signals is 16. But the focalizing condition of 4
signals is sufficient (it is even overdetermined) for exact
localization the source; it is at the intersection of three
hyperbolas. 

If we are able to retrieve, by simulation, the concurrence
point of the 4 Dirac-shaped signals, we obtain with only one
transducer the result usually obtained in an open plane with
at least 3 receivers. 

Energy criterion and compacity
criterion
It seems relevant to compute the squared modulus of the
time reversal total pressure. That is what we call 'energy
criterion'. Thus we build an image, with the source
localization as the highest level spot. Numerical experiments
perform poor results. The noise due to the out of phase
components of the reversed field (like parasitic signals in the
above example) makes the image very fuzzy. 

 A more efficient criterion is obtained by computing the time
range of the signal. At each point, we see the signal as a
probabilistic distribution of the 't' random variable, where its
normalized squared pressure is the probability density. We
compute the variance of this distribution. It has the
dimension of a squared time. The lower the variance, the
shorter the signal. This is the reason why we call this
criterion 'compacity' criterion. The measured time signal is
u(t). Its barycentre t0 and its variance, V, are defined by: 

The V parameter attains a minimum value at the source
location , because several time components arrive in phase at
this point: in the example above, 4 out of 16 components. 
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Numerical experiments in a plane
The problem is set in a plane. Four rectangular buildings
hinder propagation. Three transducers are effectively used
for the time reversal technique. Five paths, two direct and
three with a single reflection, link the source and the
transducers.

We are near to the lower boundary for the antenna size. In a
plane, we must have at least 3 paths, therefore 3 transducers
in an open space. These minimum values require perfect
knowledge of the arrival times. 

The radiated signal is one period of sinus with duration 1/12
s. This shape was chosen because it is a simple one, with
positive and negative values like the real signals to be
processed. For direct and reversed propagation, we use a
geometric ray in the time domain. In fact, the algorithm
which has been constructed neglects the geometric
divergence attenuation in the reversed propagation. In this
way, it is simpler and quicker.
The following figure shows the image obtained with the time
reversed signal from R2, R3, R4. Some tests with errors on
building positions found the result not very sensitive to
geometric data errors. 

Numerical experiments on a spherical
radiator 
We consider the radiation by a cap on a spherical rigid body
(figure below). The source signal is a broad band signal,
centred around kR = 5.6. We use an exact model of
propagation (analytic solution of Helmholtz equation) in the
frequency domain. Let us take in each point a new time
origin at t = t0 . From Parseval's formula, we obtain, with f
the frequency and with Û(�� the Fourier transform of u(t),
the formula (2).

The following figure shows the 1/V map obtained with the
time reversed signal from only two transducers with no
direct sight to the cap.

Conclusion
The last figure shows an important result; 3D directivity is
obtained with only two transducers: the body diffraction is
equivalent to one more transducer. Time reversal technique
appears to be an interesting tool for impulse source
localization with very few transducers, as long as a suitable
criterion, based on the time duration of the reversed signal, is
used. 

The main issues to be studied in the future concern its
robustness to perturbations (noise, measurement errors,
absorption…). Developments in complex 3D geometries,
closed cavity situations, and media with dispersion should be
interesting. 
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