Ciencias de la Tierray el Espacio, 2008, Vol.9, pp. 62--71, ISSN 1729-3790

About the use of haar mother wavelet transform to denoising resistivity
phosphate “disturbances” map (Sidi Chennane, Morocco).

Saad Bakkali (1), Mahacine Amrani @,

) Earth Sciences Department. Faculty of Sciences and Techniques, Abdelmalek Essaadi
University, Tangier, Morocco. saad.bakkali@menara.ma.

@ Engineering Process Department. Faculty of Sciences and Techniques, Abdelmalek Essaadi
University, Tangier, Morocco. amrani.mahacine@menara.ma.

Recibido: enero-octubre, 2008 | Aceptado: noviembre, 2008

Abstract

Wavelet transforms originated in geophysics in the early 1980s for the analysis of seismic signals. Since then,
significant mathematical advances in wavelet theory have enabled a suite of applications in diverse fields. In
geophysics the power of wavelets for analysis of non stationary processes that contain multiscale features,
detection of singularities, analysis of transient phenomena, fractal and multifractal processes, and signal
compression is now being exploited for the study of several processes including resistivity survey. The present
paper deals with denoising Moroccan phosphate “disturbances” resistivity data map using the Haar wavelet mother
transform method. The results show a significant suppression of the noise and a very good smoothing and recovery
of the resistivity anomalies signal.
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Introduction

Geophysical Data collected in the survey are often contaminated with noise and artifacts coming from various
sources. The presence of noise in data distorts the characteristics of the geophysical signal resulting in poor quality
of any subsequent processing. Consequently the first step in any processing of such geophysical data is the
“cleaning up” of the noise in a way that preserves the signal sharp variations. Wavelet transforms are relatively
recent developments that have fascinated the scientific, engineering, and mathematics community with their
versatile applicability. For geophysical processes, in particular, tools that offer the ability to examine the variability
of a process at different scales are especially important. Wavelet analysis is an emerging field of applied
mathematics that has provided new tools and algorithms for solving such problems as are encountered in fault
diagnosis, modelling, identification, and control and optimization (Kumar et al., 1994). The theory has acquired
the status of a unifying theory underlying many of the methods used in physics and signal processing. The decision
as to which representation (expansion) to use for a signal, for example wavelet expansion versus Fourier or spline
expansion depends on the purpose of the analysis. Wavelets have become increasingly popular for analyzing data
in the geosciences. Wavelets re-express data collected over a time span or spatial region such that variations over
temporal/spatial scales are summarized in wavelet coefficients. Individual coefficients depend upon both a scale
and a temporal/spatial location, so wavelets are ideal for analyzing geo-systems with interacting scales (Riedi,
1998). So, the wavelet transform filtering method has become a powerful signal and image processing tool which
has found applications in many scientific areas. This method is a widely used technique that is applicable to the
filtering geophysical data (Kumar et al., 1997). The present paper deals with denoising Moroccan phosphate
“disturbances” resistivity data map using the Haar mother wavelet transform method. The results show a high
significant suppression of the noise and a very good smoothing and recovery of the resistivity anomalies signal.
So the Haar wavelet mother transform processing is thought to be a good method to geophysical anomaly filtering
and optimizing estimation of phosphate reserves.

The geophysical context

Resistivity is an excellent parameter and marker for distinguishing between different types and degree of alteration
of rocks. Resistivity surveys have long been successfully used by geophysicists and engineering geologists and the
procedures are well established. The study area is the Oulad Abdoun phosphate basin which contain the Sidi
Chennane deposit. The Sidi Chennane deposit is sedimentary and contains several distinct phosphate-bearing
layers. These layers are found in contact with alternating layers of calcareous and argillaceous hardpan. However,
the new deposit contains many inclusions or lenses of extremely tough hardpan locally known as “derangements”
or “disturbances” (figure 1), found throughout the phosphate-bearing sequence (Kchikach et al., 2002). The
hardpan pockets are normally detected only at the time of drilling. Direct exploration methods such as well logging
or surface geology are not particularly effective They interfere with field operations and introduce a severe bias in
the estimates of phosphate reserves (figure 2).
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% PHOSPHATE "DISTURBANCE"
Figure 1: Example of “disturbances” in the phosphatic series
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Figure 2: (A) Location of the studied area in the sedimentary basin of Ouled Abdoun. (B) Section showing the disruption
of the exploitation caused by disturbances. (C) Stratigraphical log of the phosphatic series of Sidi Chennane: (1)
Hercynian massif; (2) phosphatic areas; (3) marls; (4) phosphatic; marls; (5) phosphatic layer; (6) limestones; (7)

phosphatic limestone; (8) discontinuous silex bed; (9) silex nodule; (10) dérangement formed exclusively of silicified
limestone; (11) dérangement constituted of a blend of limestone blocks, marls and clays; (12) dérangement limit; (13)
roads.

The study area was selected for its representativity and the resistivity profiles were designed to contain both
disturbed and enriched areas. The sections were also calibrated by using vertical electrical soundings. High values
of apparent resistivity were encountered due to the presence of near-vertical faulting between areas of contrasting
resistivity, and fault zones which may contain more or less highly conducting fault gouge. The gouge may contain
gravel pockets or alluvial material in a clay matrix. Such anomalous sections are also classified as disturbances.
Apparent resistivity values in these profiles locally exceeded 200 QQ—m. (Bakkali, 2005) (Bakkali et al., 2006).
The apparent resistivity map (figure 3) obtained from a further survey was considered in fact a map of discrete
potentials on the free surface, and any major singularity in the apparent resistivities due to the presence of a
perturbation will be due to the crossing from a “normal” into a “perturbed” area or vice versa. In other words, the
apparent resistivity map may be considered a map of scalar potential differences assumed to be harmonic
everywhere except over the perturbed areas. Interpretation of resistivity anomalies is the process of extracting
information on the position and composition of a target mineral body in the ground. In the present case the targets
were essentially the inclusions called perturbations. The amplitude of an anomaly may be assumed to be
proportional to the volume of a target body and to the resistivity contrast with the mother lode. If the body has the
same resistivity as the mother lode no anomaly will be detected. Thus assumed in fact and in first approach that
the resistivity anomalies would be representative of the local density contrast between the disturbances and the
mother lode. Level disturbance of the anomalous zones is proportionnal to resistivity intensity (figure 4). (Bakkali,
2005 ; Bakkali, 2006).

64



About the use of haar mother wavelet transform to denoising resistivity phosphate “disturbances” map (Sidi
Chennane, Morocco)

EASTING DIRECTION IN METERS

(=]
o
o

.

o

o

ok
o

1

z
z
.
5
3

APPARENT RESISTIVITY MPWTHA SCOI.UWERGER ARRAY SPM OF 13! m
INTERVAL CONTOUR OF 20 Ohm.m
RED CONTOURS CORRESPOND TORESISTMTY HIGHER THAN 200 Ohm.m

00005 OOOOF 00 908 0002 00001

Figure 3: A map of resistivity anomalies for AB=120 m using Shepard’s method for resistivity data
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Figure 4: A map of the disturbed noisy phosphate zones corresponding to figure 3
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The wavelet analysis approach

The wavelet transform is a time-frequency decomposition which links a time (or space) domain function to its
time-scale wavelet domain representation. The concept of scale is broadly related to frequency. Small scales relate
to short duration, high frequency features and correspondingly, large scales relate to long duration, low frequency
features (Daubechies, 1990). Wavelets are functions that satisfy certain mathematical requirements and are used
in representing data or other function. In the signal analysis framework, the wavelet transform of the time (or
space) varying signal depends on the scale that is related to frequency and time (or space) (Daubechies et al., 1992).
The 2D wavelet method provides information on many more resolution than the former method. It is a powerful
tool particularly suitable in denoising, filtering and analyzing problems and potential singularities in geophysical
context (Foufoula-Geogiou et al., 1994) (Grossmann et al., 1989). Moreover this property is crucial for performing
an efficient denoising resistivity anomaly map of the Moroccan phosphate deposit “disturbances”.

Theorical review

Traditionally, Fourier transform has been used to process stationary signals acquired by computers. In this way,
the representative spectrum of frequencies is obtained from the time series produced during acquisition of the
signal by the computer. For non stationary signals, typical of engineering processes, the existing methodologies
have not been fully developed. Windowed Fourier transform , also called short-tine Fourier Transform, was first

applied using a Gaussian type window (Walker, 1997). For a given signal f{‘ﬁ], a conventionaly defined signal
g{.ﬁ _zﬂ} is applied to a window of time that moves along with the original signal, forming a new family of
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by the characteristic time window of the function g{z} . Windowed Fourier transform is thus defined as:

Felwg]= Tf(f)g(f —ty )Mt

functions: . Functions formed this way are centred on % and have a duration defined

@

This transform is calculated for all % values and it gives a representation of the signal f{‘ﬁ] in the time

frequency domain. If a space function f(x} instead of a time signal, is considered, a representation is given in
the space- frequency domain (Meyer, 1993). However as a windowed Fourier transform represents a signal by the

sum of it sine and cosine functions, it restricts the flexibility of the function g{.ﬁ _zﬂ} or gl[x B x”} making a
characterization of a signal and simultaneous location of its high frequency and low frequency components difficult
in the time-frequency domain or the space-frequency domain. Wavelets transform were developed to overcome
this deficiency of windowed Fourier Transform in representing non-stationary signals. Wavelets transform is
obtained from a signal by dilatation-contraction and by the translation of a special wavelet within the time or space
domain. The expansion of this signal into wavelets thus permits the signal’s local transient behaviour to be
captured, while the sine and the cosines can only capture the overall behaviour of the signal as they always oscillate
indefinitely (Walker, 1997).

Signal analysis and the Haar wavelet mother

In the Fourier analysis, every periodic function having a period of 2 and an integrable square is generated
W x)=e™ n=0+142,

E

by an overlay of exponential complexes,
Wix)=e™ W, (x)=W{(ux)
defined :

“obtained by dilations of the function

. Extending the idea to space for ¥ integrable square functions, the following is

o, = Z}EE{$J abeRa=0
@)

The function ¥ is called a mother wavelet, where # is the scale factor and & is the translation parameter.
The family of simpler wavelets, which will be adopted in the present work, is that the Haar wavelet :

F(x)=1i 0 Exié, F(x)= —lz'féixil, Plx)= 0¢ x2[0,1]

For the one-dimensional no stationary function f (x} that decrease to zero when * 7% , the following
assumption is normally adopted :

-3
— o2 Fo_
7, (=27 22" x—q) ®
-3
The scale factor of ] is called the localization or dyatic translation and k is the translation index
associated with the localization, where ¥ and ¢ €2 (Meyer, 1982) proved that wavelet thus defined are

IR ): Gy 15 for gl mesd

orthogonal, i.e., ( where <> is equal to the scalar product and 4 refer

to the delta function of ¢  Thus the function f{x] can be rewritten as follows :

=3 e, T, )

pred— 4)

- . T . .
The values of the constant ~ ¥ are obtained by wavelet transform in its discrete form. Then is expanded into a
series of wavelets with their coefficients obtained from
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The wavelet transform can also be calculated using special filters called Quadrature Mirror filters (Mallat,
1989). They are defined as a low-pass filter, associated with the coarser scale, and a high-pass filter to characterize

the details of the signal. The signal f{x] then is described as:

f(x)zch.,,quh,q( ]+ Z. Z‘fm F-i‘{ }

¥rde 4 (6)
Cpoa = _I-f{x]@'“ q{x}dx dy .= _l-f[x}T”[x}dx
where -w (7) and - 8)

In the expansion of J (x} by equation 6, the first term represents the approximation of the signal and the

. I L & x) . ) .
second the signal details, filtered by the approximation. The function ~ ¥ “"?{ } is denominated a scale function
or father wavelet, and it is responsible for obtaining the approximation of the signal, while the mother wavelets,

#4% are responsible for the generation of the details filtered by the approximation (Polikar, 1999) (Wickerhauser,

D, [x)=1i x[0]]

1994). For the family of Haar wavelets, the scale function is
@'h.q (:-*:}= 0 x ¢ [D,l]

and

. The mother wavelets, responsible for the details in the Haar family, are expressed as:

2
¥ lx)=2l 2Py =xs E_F(q+1]
©)

L 1 _
¥, lx)=-2%r 2 F(g+§]c_:xc_:2 g +1)

o Pra [x)=0

(10)

an , otherwise.

The processing data

The resistivity data base is a compilation of 51 traverses at a spacing of 20 m. There were 101 stations at 5 m
distance for every traverse, which makes 5151 stations all together in the resistivity survey. We choose the Haar
wavelet basis for its smoothness and compact support (Torrence et al., 1998). We calculated the magnitude square
of the Haar wavelet transform coefficients (Rioul et al., 1991) using Origin Pro 8 routine (Origin Pro, 2007) for
each resistivity traverse (figure 5). Then we deferred all the results to built a 2D wavelet spectrum regular maps
which represent in fact filtering and denoising map of the phosphate deposit “disturbances”. Since a major potential
application of wavelets is in image processing, the 2D wavelet transform is a necessity to be applied as a detector
and analyser of singularities like edges, contours or corners (Ucan et al., 2000). (Tsivouraki-Papafotiou et al.,
2005).
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Figure 5: Example of real resistivity traverse data of the survey (A) and the corresponding Haar wavelet transform
denoised output (B)

Results & conclusions

Figure 6 represents an indicator of the level of variation of the contrast of density between the disturbances and
the normal phosphate-bearing rock. The surface modeling of resistivity anomalies is obtained by AutoSignal
routine from our apparent resistivity survey transformed data obtained using the Haar wavelet mother response.
These procedure enables us to define the surface phosphate disturbed zones. The Haar wavelet analysis surface of
phosphate deposit disturbance zones modeling as obtained by the above procedure in the study area provided a
direct image for an interpretation of the resistivity survey. These method enable us to identify the anomalies area
which turned out to be strongly correlated with the disturbances. The use of magnitude square of the Haar mother
wavelet transform represent an effective filtering method which makes it possible to attenuate considerably the
noise represented by the minor dispersed and random disturbances. The overall effect is that of scanning and
denoising the anomalous bodies. Comparatively to classical approaches used in filtering and denoising the same
geophysical data map (Bakkali, 2007), the advantage of the Haar wavelet transform method is doesn’t introduce
significant distorsion to the shape of the original resistivity signal.
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Figure 6: Wavelet output of the phosphate deposit “disturbances” map given in figure 4
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The Haar wavelet output of the apparent resistivity which correspond to the wavelet output of the anomalous
phoshate deposit map obtained from such a technical tool represent the crossing dominate area from a “normal”
into a “perturbed” area or vice versa. Moreover the level of disturbance is very clearly shown. The proposed
filtering and denoising method using Haar wavelet transform tends to give a real estimation of the surface of the
phosphate deposit “disturbances” zones with a significant suppression of the noise. The level disturbance resulting
from such method is also more defined in all the disturbed zones.

We have described an analytical procedure to analyze the anomalies of a specific problem in the phosphate
mining industry. The results proved satisfying. Data processing procedures as the Haar wavelet mother response
transform of resistivity data map was found to be consistently useful and the corresponding map may be used as
auxiliary tools for decision making under field conditions.
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