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ABSTRACT

The aim of this work is to de-noise experimental sig-
nals from pyroelectric sensors. Its originality lies in the
use of a double pyroelectric sensor especially designed to
receive an instantaneous linear mixing of signals. The
centre of the sensor receive mainly the signal, its pe-
riphery picks up mainly noise. The signal is processed
with a separation source method enabling in this way to
exploit the possibilities of this new device. The setting
up of such a device has never been done previously nei-
ther in the view of experimentation nor in the view of
information processing.

1 Introduction

In the aim of promoting agricultural resources, we are
studying the mechanical behaviour of biodegradable ma-
terial such as starch, and in particular, we strive to de-
termine the humidity profile inside the material. The
sample is lit by a laser diode beam, the wavelength of
which is equal to 1.935 pum, which matches a water ab-
sorption band. The modulation of the laser diode en-
ables us to stimulate the water contained in the sample
at different depths (similar to skin effect). The pres-
ence of humidity in the sample leads to a warming up
distributed according to depth. Measuring the tempera-
ture variations on the surface of the sample for different
frequencies of the exciting radiation will enable to de-
duce the humidity profile by inverse methods. To avoid
the destruction of the biopolymer material during the
analysis, 1t 1s necessary to use a low power excitation
of the diode which induces non-linearities in the operat-
ing mode. The flow of heat coming from the sample is
gathered up by a pyroelectric sensor placed underneath
the sample [1]. Identification of the system is done by
a digital synchronous filter. After some first tests, we
obtained an important dispersion in the measurements.
We have reduced this one by using two double sensors,
each associated with a source separation method.

2 Experimental setup

The dispersion of measurements has two causes :
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e An intrinsic noise coming from the electronic and
optical components located between the signal sent
by the processing system and the one received on
the sample (original signal plus supply noise and
laser diode non linearities...).

e An unknown noise coming from the experimental
environment is picked up on the sensor (speech, vi-
brations...).

The problem of the intrinsic noise is solved by using an
second pyroelectric sensor. It received a part of the opti-
cal beam. Its response is considered as the reference sig-
nal. The problem of the external noise is more subtle to
solve. Pyroelectric sensors are very sensitive. The refer-
ence sensor and the measurement sensor don’t perceive
the environmental noises in the same way. The classical
methods of de-noising are inefficient because they need
to have a good noise reference. In this experiment, we
have chosen to use two double sensors in association with
a blind separation source method. The first one is the
measurement sensor and the second one the reference
sensor. A double sensor 1s made up from a single pyro-
electric sensor. A disc of pyroelectric material (10 mm
diameter and 0.2 mm thickness) is covered with metallic
electrodes on each side. The lower electrode is divided
in two distinct electrodes by demetalization of a central
ring. We obtain a central sensor made up of pyroelectric
material placed in the central part of the lower and up-
per electrode. In the same way we obtain a peripheral
sensor from the peripheral part of the lower electrode.
The laser beam has a Gaussian spatial distribution of
energy. Its diameter is 5 mm. The sensor central part
strongly perceives the signal coming from the beam and
the external noise. The surface of the peripheral ring is
three times bigger. So it is strongly influenced by the
external noise and less by the signal coming from the
beam. An interfacing system made in the laboratory
enables us to obtain numerical signals from the sensors.
The reference double sensor used in the experimental
device associated with a source separation method is
then used to separate the incident source signal coming
from the laser beam with all its imperfections from the



environmental noises. Only these results are reported
in part 4 of this paper. The modulation frequency of
the diode can be arbitrary chosen in a range between
0.1 and 100 Hz. At these frequencies, the lateral prop-
agation of the thermal waves is very weak. The signals
received on each double sensor can then be considered
as an instantaneous mixing.

3 Signal Processing

The new use of this double sensor with the source sep-
aration method enables us to isolate the beam from the
surrounding noise in order to obtain a better image of
the energy absorbed and scattered by the sample. By
de-noising [2], we find the true representation of the ex-
citation. In this way, we ensure the best conditions in
the treatment of experimental measurements and a bet-
ter respect for the laws of physics. The sensor receives
a signal s(¢) which is a mixing of the beam e(¢) and
of external noises b(t). All these noises from different
origins, such as thermal, electric, acoustic or mechanic
are not controllable. They have a Gaussian tendency
and they are coloured. By its design, the supply of the
diode excitation can generate a variable frequency but
also, a fixed frequency of 100 Hz (that can’t be elimi-
nated) which is a parasite in this application. The laser
diode working itself introduces harmonics of the excit-
ing frequency. The available output signal of the sensor
is of this type : s;(t) = a;.s(t) + 3;.b(t) where a; and ;
are proportionality factors. Considering the noise b(#)
as being an independent source, implies that the algo-
rithms operate with no additional noise. The mixing
matrix elements can be extracted by block algorithms
working on instantaneous mixtures such as :

e ICA (Independent Component Analysis) [3],

e JADE (Joint Approximate Diagonalization of
Eigen-matrices) [4], [5],

e SOBI (Second Order Blind Identification) [6].
4 Results
Results obtained with the JADE, SOBI, and ICA algo-

rithms are equivalent. The two experimental data sets
presented here were processed with the SOBI algorithm.
The first one i1s shown in fig.1 and fig.2 ; the second one
i1s in fig.3 and fig.4, each with respect to time domain,
and to frequency domain. The modulation frequency of
the current in the diode 1s 10 Hz. The sensor responses
are in fig.1a and fig.1b. The estimated sources are the
retrieved excitation (fig.1c), whose noise has been nearly
erased and the noise itself, drawn as well in fig.1d. The
dashed circles clearly display the separation effect of the
two most visible perturbations. These same signals are
presented in the frequency domain from fig.2a to fig.2d.
Due to the high energy of the 10 Hz peak with regard
to the noise intensity, we have to magnify the repre-
sentation of the signal sensor 1 (fig.2a) as well as the

estimated signal source 1 (fig.2c); this enlargement is
made with the same ratio. Figure 2a shows the pertur-
bations located at the 110 Hz to 160 Hz range. After
the source separation processing (fig.2c), they are to-
tally erased. On the contrary, the 100 Hz peak and those
corresponding to the harmonics which are generated by
the diode remain there. It 1s quite logical because they
are part of the exciting signal. The erased contribution
corresponding to the noise is retrieved in the second es-
timated source (fig.2d).

The second experimental data set (fig.3 and fig.4) has
been chosen because the perturbations and the signal
are in the same frequency range. The estimated source
1 was clean up. In spite of the high energy of the 10
Hz peak, the second sensor (fig.3b, fig.4b) is informa-
tive enough to retrieve the signal (fig.3c, fig.4c), and
the noise (fig.3d, fig.4d).

5 Further works

The source separation method seems to be promising for
this kind of application. Studies will be done with more
sensors made from a single pyroelectric material whose
electrodes will be judiciously engraved. They should
improve the signal noise ratio. More, they should allow
to distinguish a dominant noise from others especially
mechanical or acoustic noises. Then the source signal
image coming from the separation will enable us to ad-
just the reference signal which will be used in further
processings.

References

[1] R. Huez, D. Nuzillard, A. Billat, Vers la déter-
mination d’un profil d’humidité dans des matéri-
aux biopolymeéres par une méthode de séparation de
sources, in Proc. GRETSI, Grenoble, p. 223-226,
1997.

[2] L. Cai, R. Anin, La séparation de sources appliquée
au débruitage en CND par courants de Foucault, in

Proc. GRETSI, Juan-les-Pins, p. 109-112, 1995.

[3] P. Comon, Independant component analysis, A new
concept?, Signal Processing, Vol. 36, p. 287-314,
1994.

[4] J.-F. Cardoso, A. Souloumiac, Blind beam-forming
for non-Gaussian signals, IEE PROC-F, Vol. 140,
No.6, december 1993.

[5] J.-F. Cardoso, The invariant approach to source sep-

aration, in Proc. NOLTA, p. 55-60, 1995.
[6] A. Belouchrani, K. Abed Meraim, J.-F. Cardoso, E.

Moulines, A blind source separation technique using
second-ordre statistics, IEEE Trans. on Signal Proc.,

Vol.45, no.2, p. 434-443, february 1997.



AT (V)
(a)
.- t{ms)
] 100"~ __ 200 300 400 00 GO0 700 800 veon [ 1000
1 AL T T T mSensor n®2 — T — - —
Arrp. (W) ! ;
| 1
o , (b
_.I 1 1 1 1 1 1 1 1 : 1 1 tl:mS:I
o' 100 200 300 400 00 GO0 o0 &0D 00 1000
1 T T T Estimated source n*1 T i =
Rel Armp.
o (e)
1 I u I I I I 1 1 1 :J t{mS:'
1 100 200 300 400 500 600 700 200 Yoo, 1000
1 —= —— Estimated source n“2 T T =
Rel Armp.
ot (d)
1 1 1 1 1 1 1 1 1 tl:mS:I
1 100 200 300 400 00 GO0 700 200 00 1000
Figure 1: First experimental data set - time domain
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Figure 2: First experimental data set - frequency domain
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Figure 3: Second experimental data set - time domain
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Figure 4: Second experimental data set - frequency domain
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