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KyT HaxyAy aMIAITYyAU aHaAITUYHOTO cUTrHaAY (TA) BU3HAUalOTh IK apPKTaHTeHC BiAHO-
LIIeHHS ITepIIol TOXIAHOI BEePTUKAABHOTO I'PaAi€HTa AO CyMapHOI TOPU30HTAABHOL TOXIAHOI
AMIIAITYAM @HAAITUYHOTO CUTHAAY. BU3HaueHH ITbOro KyTa 3a3BUYall BUKOPUCTOBYIOTH SIK
KOPHUCHUM METOA AAS OI[IHIOBAHHS I'PaHEN MarHiTHUX AJKepeA, OCKIABKU MO0 BeAWYrHa
HEe3HAYHO 3aAeKUTh Bip HAIIPSIMKY HaMarHiueHOCTi. 3a aHaAiTUYHOO yHKIieo (L), 1110
Ma€ OAHAKOBY hopMy 3 (pOpMOIO PYHKIIIT apKTAHIE€HCY, BBEACHO AeSIKi HOBI PIABTPH, AKI
TAaKOJK MOJKYTb 3MEHIINTU e(PeKT HAallPAMKY HamMmarHideHocTi. KpiM Toro, 1i iabTpu cTBO-
PIOIOTH AMIIAITYAHI MAKCUMYMU HaA MEKAMU AKepeA I KOMIIEHCYIOTh BIIAMB aHOMAAIU Bip,
HEe3HAYHUX | PAMOOKUX AJKepeA. MOKAUBICTE BUKOPUCTAHHS (PIABTPIB IPOAEMOHCTPOBAHO
Ha YUCTIN i CIOTBOPEHIN IITyMaMU CUHTeTUYHUX 3D MarHiTHUX MOAEASX, KOAU OTPUMAaHI
IIOAOYKEHHS I'paHel pA00pe 30iratoThCs 3 peaAbHUMHU Me>kaMu. EQeKTUBHICTE QIABTPIB
OIIIHEHO TaKOK NOPIBHAHHSAM IX 3 AQHUMU iHIIINX METOAIB BUSBACHHS IIOAOKEHHS I'PaHeN.
ITokazaHo, 1110 HOBI (DiABTPU MEHIII YYTAUBI AO Bapiallili TAUOMHU PO3TalllyBaHHS AKepe-
A4 TiA I 110 BUKOPHUCTaHHsI MOAM(DIKOBAHOI AOTiCTHYHOI PyHKLIT (L)) MOKe 3a0e3neunTn
Kpallli pe3yAbTaTH, Hi>K aMIIAITyAQ @HAAITUYHOTO CUTHAAY (AS), aMIAITyAd aHAAITUYHOTO
curHany Kyra HaxuAy (AT), TA-iL-¢dirbrpu. QiAbTpU TAKOK 3aCTOCOBYIOTH AO MArHiTHUX
MAHUX AIASHKY Ha MiBAHI IJeHTPAaABHOTO B'eTHaMy. 3alIpoIIOHOBaHI (DIABTPU € KOPUCHUM
IHCTPYMEHTOM AAS IKICHOI IHTepIpeTaliil MarHiTHUX CIIOCTEPE’KEeHb.

KAaro4oBi croBa: roricTruHa PYHKINSA, KYT HAXUAY, AMIIAITYAQ @HAATUYHOTO CUTHAAY,
BU3HAQUYEHHd I'PaHEeN, iHTepIIpeTallia MarHiTHUX AQHUX.

Introduction. Edge detection is an impor-
tant field in magnetic interpretation. There
are many methods for detecting edges, most
of which are based on the vertical or hori-
zontal derivatives of the field. The most com-
monly used filter is the total horizontal de-
rivative of the potential field [Cordell, 1979;
Cordell, Grauch, 1985]. The greatest advan-
tage of this filter is its low sensitivity to the
noise in the data because it only requires the
first order horizontal derivatives of the field.
However, the filter requires a reduction to
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the pole or pseudo-gravity transformation
[Cordell, Grauch, 1985] that has serious li-
mitations when used in low latitude areas.
Furthermore, the edge detection result is
dominated by the response from the shal-
lower sources that produce strong anoma-
lies, and hence it cannot display the strong
and weak amplitude anomaly edges simul-
taneously [Cooper, Cowan, 2008]. In order
to make both the shallow and deep sources
visible simultaneously, [Miller, Singh, 1994]
proposed using tilt angle that based on the
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ratio of vertical derivative to total horizon-
tal derivative, [Cooper, Cowan, 2006] used
horizontal tilt angle, and [Wijns et al., 2005]
used the theta map method. However, all
three methods are sensitive to dip and mag-
netization effects [Pilkington, Tschirhart,
2017]. Another method which is also based
on tilt angle is introduced by [Verduzco et
al., 2004], called total horizontal derivative
of tilt angle. Although the method is not
influenced by dip or magnetization effects,
it generates some false edges [Pilkington,
Tschirhart, 2017]. Another commonly used
method, known as the analytic signal ampli-
tude method, is introduced by [Nabighian,
1972] and [Roest et al., 1992]. They showed
that, in the 2D case, the shape of the analytic
signal amplitude is independent of the direc-
tion of the ambient magnetic field and the
direction of source magnetization. However,
[Li, 2000] pointed that this independent is
lostin the 3D case. An enhanced analytic sig-
nal is introduced by [Hsu et al., 1996]. They
used the higher order derivatives to detect
the edges of magnetic sources. Although the
method can effectively reduce the interfer-
ence due to adjacent geological bodies, the
effect of noise increases. Another disadvan-
tage of the method is that it cannot display
large and small amplitude edges simultane-
ously. [Ansari, Alamdar, 2011] suggested the
use of the analytic signal amplitude of the
tilt angle as a balanced edge detection filter.
It is more effective than the analytic signal,
but it still performs poorly in detecting all the
edges of the body [Cooper, 2014]. G. Cooper
proposed modified analytic signal amplitude
that based on tilt angle method to balance the
different amplitude edges. The advantage of
the method is reducing the dependence of
the analytic signal amplitude of magnetic
anomaly on the direction of magnetization.

In this paper, we describe a new edge de-
tection filter based on the logistic function.
We also improve this by introducing a modi-
fied logistic function resulting as an enhance-
ment in delineating the geologic contacts.

Theory. The analytic signal of magnetic
anomaly M is defined in 3D by [Roest et al.,
1992] as
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where i=v-1 and % . ¥ and 2 are unit vec-
torsin X, y and z directions, respectively. From
Eq. 1 it follows that the amplitude of the ana-
lytic signal is given by:
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The ratio of the first vertical derivative and

total horizontal derivatives of the analytic sig-
nal amplitude is:
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G. Cooper used arctangent of R to delin-
eate the edges of the magnetic sources, called
it the tilt angle of analytic signal amplitude
(TA) [Cooper, 2014]. He showed that the TAis
theoretically independent of the source mag-
netization vector direction for the 2D case,
and it can reduce the effect of the magnetiza-
tion direction for the 3D case. The TA filter is
sensitive to the noise in the data because it
uses second order derivatives, and especially
the ones that use vertical derivative. To reduce
the noise effect, [Cooper, 2014] proposed us-
ing the zero order analytical signal amplitude.
Although this filter has a much reduced noise
sensitivity, the edges of the magnetic sources
are not as sharply defined. Here, we introduce
anew filter based on logistic function and the
ratio of the first vertical derivative and total

horizontal derivatives of the AS, which is de-
fined as

1

L= .
1+e®

(4)

The idea of producing this filter is that
logistic function is a mathematical func-
tion having a characteristic «S»-shaped
curve (or sigmoid curve) that is the same
shape with the shape of arctangent function.
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Therefore, it also can reduce the effect of the
magnetization direction, like the TA filter.
Similarly to the tilt angle of analytic signal
amplitude, using logistic function leads to
a more balanced response. Both methods
are effective in enhancing the edges that
produce only low-amplitude analytic signal
maxima. Nonetheless, the edges of the shal-
low source are clear and refined, whereas the
edges of deep source are clear but diffuse. In
this study, we resolved this issue of the logis-
tic filter by using a modified logistic func-
tion, which is defined as

B 1
k+e ™'

L &)

Where k is a positive constant less than
one.

In order to demonstrate the feasibility of
L and L, filters, we choose three other fre-
quently used filters to compare the boundary
detection results. They are the AS, the AT and
the TA.

Synthetic Example. The efficiency of the
new methods to enhance the detection of
edges of the magnetic source bodies is stud-
ied by analysis of two synthetic examples. The
first example involves a single prism with pa-
rameters shown in Table 1.

Fig. 1, a shows the magnetic anomaly due
to the single prism model whose outlines are
shown in black. The results of AS, AT, TA, L,
and Ly of the field are shown in Fig. 1, b—f
respectively. It can be observed that the AS
is only effective in enhancing two of the four
edges of the causative body. The AT is more
effective than the AS in enhancing all the
edges of the causative body. However, the
edges detected by the AT are not precise, and
itis clearly noisier than the other filters. Both
the L and the TA yield similar results, they
enhance all the edges, yet their
obtained results are diffused
to some extent. By comparison

The second example involves three prisms
models with the same dimensions in size
but in increasing depths. Their parameters
are shown in Table 2. The outlines in plain
view of the prismatic sources are shown by
the black lines in all figures. In order to test
the stability of the L and L, filters, we added
random noise with amplitude equal to 5 % of
the data amplitude to the magnetic anomaly
data due to the prisms (Fig. 2). Because the
L filter uses second order derivatives which
increase the noise influence. Therefore, we
need to reduce the noise effect first before
we use the filter to detect the edges. Using
upward continuation of the magnetic data,
the noise effect can be reduced. Fig. 2, b—f
display the results of the AS, AT, TA, L and
L, after upward continuation of 1 km, re-
spectively. In this case, as can be seen from
Fig. 2, b, c, the AS is also only effective in
delineating two of the four edges of each
causative body, whereas the AT represents a
poor view of the edges. Fig. 2, d shows the
results calculated by the TA filter and Fig. 2,
e is the results from the application of the L
filter. It can be observed that the TA and the
L filters can enhance all the edges of caus-
ative bodies. The edges are clearly enhanced
more sharply, compared with AS and AT fil-
ters. Fig. 2, f displays the edges detected by
the L, filter. It can be clearly observed that
the L, filter can not only balance anomalies
from shallow and deep sources, but also give
a higher resolution, and can delineate the
edges more clearly and precisely. The ampli-
tude of the response from the two causative
bodies is similar, although the response from
the deeper causative body is rather diffuse.

Real Data Example. In order to demon-
strate the practical applicability of the sug-
gested new filters, we consider their applica-

Table 1. Parameters of the single prism model

among the results in Fig. 1, we |Center coordinates|31.5 km; 31.5km | LengthxWidth | 30x30 km
gan see that Lk can not Ol’lly de- Inclination 15° Depth of top 2km
lineate the edges of the source

body clearly and precisely, but Declination 25° Depth of bottom | 3.5km
also give better resolution of the Macmnotization 5 A/m Rotation andle 0°
edges than other filters. J 9
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Fig. 1. Test results of the single prism model (see Table 1): a — synthetic magnetic anomaly of the single prism
model, b —AS, c—AT, d —TA, e — L, f— L, with k=0.01.
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Fig. 2. Test results of the three prism models P-1-3: a — synthetic magnetic anomaly of three prisms, b—AS, ¢ —
AT, d—TA, e—L, f— L, with k=0.01.
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Fig. 3. Location of the study area within (a), the total field magnetic anomaly of the study area (b).
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Fig. 4. The total field magnetic anomaly at upward continuation level of 1 km (a), b—AS, c—AT, d —TA, e —L,
f—L, with k=0.01.

tion to field magnetic data from an area in
south-central Vietnam. The study area lies
between longitude 107.8°E and 109.3°E and

latitude 12°N and 13.5°N, covering an area of
approximately 27000 km? (Fig. 3, a). The total
field magnetic anomaly data (Fig. 3, b) are
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Table 2. Parameters of the three prism model

curately determine the
boundary of the magnet-

Prism ID P-1 p-2 P-3 ic sources. Fig. 4, d and
Center coordinates | 12 km; 31.5km | 31.5km; 31.5km | 51km; 31.5km | € Show the TAand L, re-
spectively. By comparing
Inclination 12 18 20 the results, we can see
Declination 25° 26° 24° that the TA and FS filters
N . s A 5 provided similar results,
agnetization Ajm fm Afm and they are effective in
Length x Width 45x10 km 45x10 km 45x10 km bringing out the details

f the small ampli
Depth of the top 1 km 2 km 3km of the small amplitude
anomalies. Fig. 4. f dis-
Depth of the bottom 2km 3km 4 km plays the results of the Lk
Rotation angle 0° 0° 0° filter. It can be observed

compiled by Geological Survey of Japan and
Coordinating Committee for coastal and off-
shore geoscience programs in East and South-
east Asia [Geological ..., 1996]. The magnetic
anomaly values vary from —280 to +50 nT with
many positive and negative anomalies that
have E-W trends. As a pre-process of the
data, upward continuation of the total field
magnetic anomaly was performed to reduce
noise effect (Fig. 4, a). The upward continu-
ation height used is 1 km. The upward con-
tinuation produced results that are smoother
and less sensitive to random noise than the
original anomaly data, but will not change
the primary shapes.

Fig. 4, b shows the AS of the magnetic
data in Fig. 4, a. We can see that the AS fil-
ter performs poor, and it is dominated by the
high amplitude anomalies. Fig. 4, c shows the
AT of the magnetic data. As expected (and
discussed in the above sections), it is clearly
more noisy than the results of using other
filters, and it gives insufficient results to ac-

from this figure that the
L, filter cannot only bal-
ance the large and small amplitude anoma-
lies, but provides the best resolution of the
magnetic boundaries in the study area.

Conclusions. We have presented two new
edge detection filters that are based on logis-
tic function and the ratio of the first vertical
derivative and total horizontal derivatives of
the analytic signal amplitude. As in the tilt
angle of analytic signal, the L and L, filters
can be applied directly to the magnetic data.
The disadvantage of the filters is that they
are sensitive to noise. Using upward continu-
ation of magnetic data can help reduce the
effects of noise, and increase the coherency
of the solutions. The filters have been dem-
onstrated on two synthetics and real magnet-
ic data. The results showed that both the L
and L, filters can balance the large and small
amplitude edges, and can bring out more de-
tails than the AS and AT filters. The results
also showed that the L, filter give a higher
resolution, compared with other edge detec-
tion filters.

New method for edges detection of magnetic
sources using logistic function

L. T. Pham’, E. Oksum?, T. D. Do', M. L. Huy?, 2018

The tilt angle of the analytic signal amplitude (TA) is defined as the arctangent of the
ratio of the first vertical derivative to the total horizontal derivative of the analytic signal
amplitude. It is commonly used as a useful tool to estimate edges of magnetic sources
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because its value is slightly dependence on the direction of magnetization vector, and it
is more effective in estimating the edges of the bodies than the analytic signal amplitude
and the standard tilt angle. Based on logistic function (L) that has the same shape with
the shape of arctangent function, and the derivatives of the analytic signal amplitude, we
introduce some new filters which also can reduce the effect of the magnetization direc-
tion. Other notable features of these filters are that they produce amplitude maxima over
the edges of sources and that they balance anomalies from shallow and deep sources. The
feasibility of the proposed filters is demonstrated on noise-free and noisy synthetic mag-
netic data from two 3D models where the obtained results coincide well with the actual
edges. The effectiveness of the filters is also evaluated by comparing it with other edge
detection methods. The results also show that our filters are less sensitive to variations
in the depth of the source bodies and that a modified logistic function (L) can achieve
better edge detection results than the analytic signal amplitude (AS), the analytic signal
amplitude of the tilt angle (AT), the TA and L filters. The filters are also applied to real
magnetic data from an area in south-central Vietnam, and the results demonstrate that
the proposed filters is a useful tool for the qualitative interpretation of magnetic data.
Key words: logistic function, tilt angle, analytic signal amplitude, edge detection,

interpretation of magnetic data.
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