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ABSTRACT. The purpose of a separation filter may be defined as suppres-
sing deep-rooted anomalies and faithfully reproducing shallow-rooted
ones. Such separation could be performed by the transformation of gridded
data using a set of coefficients computed by numerical evaluation of the In-
verse Fourier Transform of the filter matrix.

A residual field due to an arbitrary spherical structure is chosen for test-
ing and evaluating this method for obtaining a shortened matrix, The spher-
ical model and planar regional are used mercly duc to the simplicity of cal-
culations. The efficiency of the low pass filter is statistically computed and
measured by the normalized residual root mean square (nrrms) between
the theoretical and filtered ficlds.

The efficiency of filtering, duc to different low pass filter parameters and
matrix sizes, has been studied. Various inter-relationship curves, concern-
ing the regionalization parameter (Q), matrix length (M), and depth to the
causative body (Z), have becen constructed for choosing a matrix which ap-
proximates the theoretical filter response best, It was found that the choice
of a low pass filter (smoothing) parameter of Q = 60 and a matrix length of
M = 21 isacompromise between the practical matrix size and the required
efficiency of the low pass filter at different depth units (Z). It is also con-
cluded that filter parameters and matrix lengths suitable for separation of
deep spherical local bodies are efficiently used for shallower ones.

Introduction

The quantitative use of the potential ficld data is limited because of the low resolving
power of the methods and because of the ambiguity in their interpretations. Despite
these limitations, there is justification for getting as much out of the data as possible.
Qualitative and quantitative interpretations could be made more objective by con-
structing the residual maps of thc observed field. Residual maps have been used by
geophysicists to bring into focus local features which tend to be obscured by the
broader features of the regionat field.

Several types of matrices have been devised by which uninteresting variations may
be removed from a two-dimensional set of potential field data in order to emphasize
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those variations which may prove more interesting. The purpose of a separation fil-
ter may be defined as suppressing regional fields and faithfully reproducing sharp
local anomalies. One well-known procedure consists of averaging the field values in
the neighbourhood of a point and subtracting this average from the value at the point
(e.g., Peters 1949, Griffin 1949 and Henderson 1960).

It became convenient instead to treat the matrices as numerical filters applied to an
equispaced grid of data in an x-y plane. Baranov (1975) performed the transforma-
tion by convolving the gridded data with a set of coefficients which are computed by
numerical evaluation of the Inverse Fourier Transform of the frequency response of
the filter matrix. He used the properties of the function with limited spectra as the
basis of a method for filtering of potential fields. In all types of transformations, the
problem has always been the design of matrices with optimum length (M), and low
pass filter parameter (Q/q) at various depth units (Z). Large filters not only incur ap-
preciable computational time but also results in the loss of valuable data points
around the edges of the area under investigation,

The present work is concerned with the numerical evaluation of Baranov's
technique (1975) and improvement of the conditions under which filtering proper is
used, with the aim of optimizing the length and regionalization parameter (M and Q)
of the low pass filter matrix for practical utilization at various depth units (Z).

Functions with Bounded Spectra
in Two Dimensions

Filtering operation is based on the convolution of data with the mathematical func-
tion (Baranov 1975).

f(x) = F(x) * [sin (wx/Q)/(7x)] (1)

which is a function with bounded spectra in one dimension having the effect ot re-
placing the function F(x) with an arbitrary spectrum by a function f(x) whose spec-
trum is contained in the interval —m/Q and +«/Q. The concept of filtering commonly
applied to one dimension can be generalized to two-dimensional filtering by the
function f(x,y) with bounded spectrum approximating the given function F(x,y) in at
least-squares sense. If we consider

f(xy) = 2 2 Xy, By (¥Q) E, (y/Q) (2)
where
Xy = f(KQ, nQ) , and

E, & E are sampling functions.
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The involved mathematical treatment (Baranov 1975) yields;

f(x.y) = (¢/Q)* (2) E) F(kq.nq) Exqo) (x/Q) E. o (y/Q)
k) (n

where
Ek(q/O) (x/Q) = [sin (w/Q) (x - kq)]/[(w/Q) (x - kq)] (3)

F(kq,nq) is a-given function sampled at an interval q approximated in the least
squares sense by the function f(x,y), becoming smoother as the ratio Q/q increases.
The latter ratio is considercd as a smoothing or low pass filter parameter and at the
same time is a regionalization parameter. If its value is large, equation (3) defines a
regional anomaly.

Filter Coefficients
The numerical calculation of {(x,y) is implemented by the use of a matrix of coeffi-
cients given by;
C(k,n) = {[sinwk(q/Q)}/(km)} {[sinmn(q/Q)]/ (nm)} )
Equation (3) is used to calculate f(x,y) everywhere, by lettingx = y = 0, then equa-
tion (3) becomes;

f(0,0) = (% (E) F(kq.nq) [(sinwkg/Q)/(kw)] [(sinwng/Q)/ (nm)] (5)

From equations (4) and (5);

f(0,0) =% 3 C(k,n) F(kq,nq)
(k) (n)
which shows that the value f(0,0) at the center results from the product of two matri-
ces C and F. The matrix F represents the two-dimensional potential field data to be
filtered, while the matrix C represents the calculated filter coefficients. The data are
usually sampled at an interval taken as unit length, i.e., ¢ = 1.

Evaluation of The Technique

The satisfactory evaluation of this technique depends on the efficient separation of
the regional component of the measured potential field. To investigate the accuracy
of the technique, the method is applied to a theoretical field composed of a regional
component imposed over a sharp local sphere anomaly. The regional field is expres-
sed by;

03X +02Y + 0.1 XY
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and the local sphere ficld is given by:
BOOAX? + Y2 + Z2)§

The filtered (separated) regional field is repeatedly computed using different as-
signed values of both the smoothing parameter (Q) and the matrix length (M) to help
determine their optimal values at different depth units (Z). The object is to study
how the agreement between a theoretical regional field and how the filtered regional
version of the original regional field added to a sharp local sphere anomaly. This was
effected by means of the calculation of the residual root mean square, rrms (Daniel ez
al. 1971) between the theoretical and the filtered fields, and then normalized, nrrms
(Apell 1974) by relating this value to the maximum of the theoretical local anomaly
at each depth.

Results and Discussion

Since anomalies consist of a wide band of space frequencies, the choice of the suit-
able matrix length (M) and the low pass filter parameter (Q) at various depth units
{Z) is not simple, but some optimum values should be found out. The aim of the re-
sidual matrices is to remove the low frequency regional trends from a set of data,
leaving, presumably with a minimum of distortion, the higher frequency variations
due to local geologic trends (Fuller 1967).

A computer program was devised to calculate the nrrms between the theoretical
and the filtered regional fields for the different combinations of M and Q values of
various depth units (Z) (Fig. 1), where M is the number of coefficients of the side of
the square matrix C, and ) is the regionalization parameter, to help achievc the pre-
viously stated goal. Figure 1 demonstrates that the goodness of fit (lower values of
nrrms) is improved as M and Q increase. However, the rate of this improvement is
not constant. It is particularly constant and insignificant beyond certain values of M
and Q (21 and 60). For less values of M and Q the goodness of fit (and hence the ef-
ficiency of the low pass filter) declines rapidly. In the region where the goodness of fit
between the theoretical and filtered fields improves, the set of coefficients (weights)
is obviously too large in areal extent. To be of practical value, the matrix should be
shortened. It is clear from Fig. | that a choice of certain low pass filter parameter Q
and certain matrix length M is crucial to the accuracy of the resulting separation of
the regional ficld. It is seen that the output curves of nrrms beyong M = 21 and
Q = 60 acceptably lie very close to each other, and could apply to get these chosen
optimum parameters.

A family of filtered regional profiles is reproduced on Figs. 2, 3 and 4. Each figure
represents the filtered and theoretical regional fields for different values of M at the
chosen Q = 60, and for different Q values at the chosen M = 21, at the three as-
signed depth units (Z = 1,2 and 3). It is clear from these three figures that faint sec-
ondary side anomalies (noise) occur at places where in reality there are none. These
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FiG. 2. The filtered and the theoretical regional field profiles for the various values of low pass filter
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The fltered and the theoretical regional field profiles for the various values of low pass filter
parameters (Q) at the chosen length of the filter matrix (M = 21} and for various M values at the

chosen Q value (60}, at two depth units (Z

=2).
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FiG. 4. The filtered and the theoretical regional field profiles for the various values of low pass filter
parameters (Q) at the chosen length of the filter matrix (M = 21) and for various M values at the
chosen Q value (60), at three depth units (Z = 3).
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maximum differences represent those fake anomalies which appear along the output
profiles at a distance equals to (M + 1)/2 from the center. At a fixed M value, the l'o-
cation of the noise (maximum difference) does not change with increasing Q,. while
its amplitude becomes weaker. On the other hand, at a fixed Q value, the lqcatlon re-
cesses away from the center and its amplitude decreases, as the value of M increascs.
This observation is almost the same whatever depth units may be used as shown in
Fig. 5. The combinationof M = 21 and Q = 601is most probably the best, as it makes
not only the position of the distortion (fake anomaly) far from the center of the ano-
maly, but also makes its amplitude relatively very weak.
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Fiii 5. Change of the location and amplitude of the normalized maximum differences (nmd in present)
with the variatien of the length of the filter matrix (M) and the low pass filter parameter (Q), at
various depth units ().

Changing the value of 7 has little influence on the general properties and the qual-
ity of the filter. The maximum differences (md) between the filtered and the theoret-
ical regional or local fields (which were found to possess the same amplitude) were
normalized (nmd) by relating them to their corresponding maximum amplitude of
the theoretical local sphere anomaly (which depends only on the assigned depth).
The behaviour of these normalized maximum differences (nmd) with the various
lengths of the filter matrix (M) and with the different values of the smoothing
parameter (Q) were illustrated in Fig. 6. From these plots, it could be realized that
the nmd values in per cent, at the chosen M and Q values, vary between 1.25, 2.75
and 4.75 at depth units Z = 1, 2 and 3, respectively.

Similarly, the relative maximum values (rmv) for the filtered local peak to the
theoretical ones in per cent were also plotted against different M and Q values (Fig.
7). The plotted curves could indicate that the filtering efficiency is very high at the
chosen M and Q values (21 and 60), since these relative maximum values in per cent
are 99.794,99.068and 97.691,at Z = 1 2 and 3 depth units, respectively (Table 1).
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Fig. 6. Change of the amplitude of the normalized maximum differences (nmd in percent), between the
theoretical and the filtered fields, with variation of the length of the filter matrix (M) and the low
pass filter parameter (Q) at various depth units (7).
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TABLE 1. Summary of the results of the study including the location and amplitude of the nmd % nrrms
Y%, and rmv % at the threc depth units, for diffcrent Q values at the chosen M = 21, and for dif-
ferent values of M at the chosen Q = 60.

nmd™"
nrrms % *** my %t

Mu O Loca- Amplitude %
WM el z=2 7Z=3 Z=1 Z=2 Z=3 Z=1 2=2 Z=3
21 10 +10 2.440 7.672 13976 95003 B4.318 71.822
20 10 0.937  3.266 6.531 98,597 95072 90.162
30 10 1.547  3.607 0.648  2.223 4.553 99,333 97.485 94.630
40 10 [.495 3.352  5.640 (1529 1.774 3.675 99599 098.388 96.355
30 10 1.368 3,035 5110 0.454 [.509 3116 99724 98.824 97.205
a0 10 [.241 2751 4.668 0,399 1.329 2.821 99794 99068 97.691
80 10 [.031 2,312 4009 0.323 1.095 2,393 99864 99.322 98.204
100 10 0.878 2002 3.554 0.273  0.949 2,130 99900 99.446 98.4p4
9 o0 + 4 2,163 7.136 14742 0.765 3.494 8.124 99231 95,275 87.705
13 s} 1.601 4.177 8.090 ).527 2.060 4.779  99.647 98.000 94.580
17 8 1.381  3.223 5751 0.445 1.562 3,433 99755 98775 96.800
21 10 1.241 2,751 4.068 0.399 1.329 2.821 99,794 99,068 97.691
25 12 1.124 2,432 4.023  0.365 [.191 2.474 99811 99201 98.106
29 14 1.008  2.174 3,554 0.336 1.093 2.244 99820 99.268 98.319
33 16 0.902 1.944 3166 0.3t 1.015 2072 99,824 99304 98,437

o Matrix length (M).

¢ Low pass filter (regionalization) parameter (Q).
* Depth to the causative body {Z).

**  Normalized maximum differences (nmd).

***  Normalized residual root mean square {nrrms).

THYY Relative maximum values (rmv).

Figure 8 has been drawn to illustrate the refationship between the amplitudc of the
nmd in per cent and the different depth units at the chosen M and Q values (21 and
60). It could be concluded that this relation is approximately linear in this depth
range, where the amplitude of the maximum difference ranges between 0.5 and
4.7% as related to the peak value of the local theoretical anomaly.

Figure 9 has been plotted to show the relation between the relative maximum val-
ues (rmv) of thc filtered local ficld to that of the theoretical one (in per cent) at diffe-
rent depth units. This relationship, which is approximately linear, was calculated
using the chosen filter matrix length (M = 21) and the low pass filter parameter
(Q = 60). Thus, applying this representation (Fig. 9), the depth to the causative
spherical bodies could be determined knowing the relative maximum values in per
cent of their filiered and observed fields, and taking into consideration that the reg-
ional field is alike the assumed one.
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The results of the study including the location and the amplitude of the nmd in per
cent, nrrms in per cent, and rmv in per cent at the three depth units, for a sequence of
several different Q values at the chosen M = 21, and for another sequence of several
different values of M at the chosen Q = 60, are summarized in Table 1.

Conclusions

The present work demonstrates the effect of the choice of the low pass filter
parameter (€) and the matrix length (M) on the efficiency of the preparation of the
regional component of the potential field data. It also presents an evaluation of the
efficiency of filtering by means of a measure of the goodness of fit between the
theoretical and the filtered data. The study makes it clear that the filter parameter
and the matrix length suitable for the separation of the effect of deep local bodies can
also be efficiently used for separating the effect of the shallower ones.

It has been found that an increase in the number of coefficients (matrix size) im-
proves the efficiency of the low pass filter starting from Q = 40 at various depth
units.

It could be observed that the output curves of the normalized rrms in per cent
beyond a certain low pass filter parameter (Q = 40) and a certain matrix length
(M = 17) are very close to each other.

It was also found that fake anomalies (maximum differences) appear along the
output profiles (filtered ones) at distances equal to (M + 1)/2 from the centre.

The result of the study of the effect of variation of M and Q on the resultant filtered
field, as concerning either the fake side anomaly (maximum difference) or the cent-
ral peak value, revealed that the choice of M = 21 and Q = 60 for different depthsis
a reasonable compromise between the practical matrix size and the required effi-
ciency of the lower pass filter.

The plotted relative maximum values of the filtered field to that of the original
(theoretical) field versus the different depth units could be of significance in the pre-
diction of depth to the causative spherical bodies in case of regional fields similar to
the assumed one (i.e., planar regionals).
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