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Preface

The economic growth of a nation is largely dependent on its mineral
wealth. Geophysical methods particularly when integrated play an
indispensable and important role in the exploration of such precious
natural resources. A wide spectrum of geophysical methods is in vogue for
exploration depending on the nature and type of the resource. The
contrast in physical properties such as the density, magnetic
susceptibility, electrical resistivity etc. between the source of interest and
the surroundings pave the way for measurement of the corresponding
anomalous/physical fields. The measured physical fields are subsequently
corrected for the unwarranted effects that arise due to the earth’s
topography, the nature of the subsurface etc. before being subjected to

any meaningful interpretation.

The utility or success of any geophysical method largely depends on
a reasonable and reliable interpretation of the data acquired in the field.
Even though, several mathematical and statistical tools and elegant
software packages for processing and interpretation of geophysical data

are in vogue, they depend on many approximations or assumptions.

In this direction, it may be emphasized in unequivocal terms that
the gravity method, which is the subject of this thesis, depends
exclusively on dimensions and depth of the target and also on
considerable density contrast between the source/sources of interest and
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surrounding formations, which generates a favorable gravity anomaly. It is
well known that the density of sedimentary rocks varies with depth in the
subsurface of the earth due to factors such as compaction, stratigraphic
layering, facies change, cementation, diagenesis, tectonic history etc.
Although, it is often possible to simulate the density variation of
sedimentary rocks with depth by an exponential density function, it
becomes an uphill task to derive closed form analytical expressions for
gravity anomalies of geophysical geometries in space domain. Thus it is
imperative to develop appropriate mathematical tools in the space domain
not only to realize forward gravity modeling of geological sources but also
to estimate the source parameters making use of the exponential density

function.

In the thesis, both analytical and numerical methods have been
used in the space domain to derive expressions to calculate the gravity
anomalies of geophysical geometries using Exponential Density Function
(EDF). Based on this, modeling and inversion techniques are developed to
interpret gravity anomalies due to 2-D and 2.5-D sedimentary basins
besides relevant GUI based software. Furthermore, a new technique and a
code in JAVA are presented to model the gravity anomalies of multiple
strike-limited geologic sources having arbitrary density contrast depth
variations. The validity and applications of the techniques developed are
illustrated with synthetic and real field data analysis. The results are
highly encouraging and thereby substantiating the validity of proposed

techniques.

The thesis under study is organized into five chapters as detailed

here under.
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In chapter-I, general introduction, a brief account of the earlier
work on modeling and inversion techniques are discussed. Although the
terms “automatic modeling” and “inversion” are used more or less
synonymously to refer to various interpretation strategies of gravity
anomalies, criteria has been formulated and followed to design
mathematical tools for automatic modeling and inversion of gravity
anomalies. In all the inversion schemes as presented in the thesis, the

ridge regression algorithm is used to estimate the source parameters.

The principles of automatic modeling and inversion are used to
develop two independent techniques in the space domain in Chapter II to
interpret gravity anomalies due to 2-D sedimentary basins, in which the
density contrast varies exponentially with depth. Expression for the
gravity anomaly of a building block is derived in the space domain using
the exponential density function by means of performing analytical
integration of the gravity contribution of a 2-D element within the bounds
of the block in xy-plane and then numerical integration over its depth
extent. In both automatic modeling and inversion, initial depth estimates
of a sedimentary basin are computed automatically and subsequently
improved in an iterative approach within the specified convergence
criteria. Based on the algorithms of automatic modeling and inversion, a
GUI based software, MOD2DSD, coded in JAVA is developed. This code,
works on Model-View-Controller (MVC) pattern, reads residual gravity
anomalies of a sedimentary basin and estimates basement depths at
plurality of observations on the profile based on the principles of either
modeling or inversion as specified by the user. Besides generating output

in both ASCII and graphical forms, the software displays (i) the changes in
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the depth structure, (ii) nature of fit between the observed and modeled
gravity anomalies, (iii changes in misfit, and (iv) variation of density
contrast with depth against iteration in animated forms. The efficiency of
modeling and inversion is illustrated in each case with the gravity
anomalies of a synthetic model of a sedimentary basin using both
Exponential Density Function (EDF) and Uniform Density Function (UDF).
The automatic modeling and inversion techniques when implemented on
the gravity anomalies of the San Jacinto graben, California with the

derived EDF yield a geologically plausible model, while rejecting the UDF.

Two interpretation methods are developed in the space domain in
Chapter- Il based on the principles of automatic modeling and inversion
along with a GUI based JAVA code, MODTOHAFSD, to analyze the gravity
anomalies of strike limited sedimentary basins (2.5-D) using a prescribed
EDF. Forward gravity modeling of sedimentary basins is realized in the
space domain with appropriate analytical and numerical approaches. The
effect of profile offset on the magnitude of gravity anomaly of a 2.5-D
strike sedimentary basin is discussed in detail and concluded that the
offset parameter plays a vital role in the interpretation of gravity
anomalies. The MVC based software, MODTOHAFSD, which is developed
based on the algorithms of automatic modeling and inversion reads the
Bouguer gravity anomalies, constructs/modifies regional gravity
background in an interactive approach, estimates residual gravity
anomalies and performs automatic modeling or inversion based on user
specification for basement topography. In addition to generating output in
ASCII and graphical forms, the software displays the animated versions of

model space improvement and corresponding changes in model gravity
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response with the iteration number. The efficiency of modeling and
inversion are demonstrated with the gravity anomalies of a synthetic
model of a 2.5-D strike sedimentary basin. The modeling and inversion of
gravity anomalies over the Chintalpudi sub-basin in India with the

simulated EDF result reliable interpretations while rejecting UDF.

In chapter-IV, a semiautomatic modeling technique coupled with a
GUI based JAVA code, FORMODTOHATF, is developed to model the gravity
anomalies of multiple geological sources having arbitrary strike lengths,
thicknesses and density contrast variations (both with depth and lateral
position). Forward modeling is realized in the space domain with a
suitable expression for the gravity anomaly. The effects of profile azimuth
and strike length of the structure on the magnitude of gravity anomaly
due to a 2.5-D strike prismatic structure are demonstrated. The
significance of profile azimuth on the characteristics of gravity anomaly is
studied in detail over a synthetic model of 2.5-D sedimentary basin filled
with different density formations having different thicknesses. It is
concluded that the profile length should be appropriately chosen in case
the profile along which the interpretation needs to be performed fails to
run transverse to the strike of the anomalous source/s. In such a case the
profile length must be chosen such that the projected component of the
profile length on any profile that runs parallel to the x-axis should cover
the lateral dimensions of the target/s. For the real field example, the
gravity anomalies are modeled for a deep crustal structure of the
Churchill and Superior provinces in the Canadian Shield by assigning
large strike lengths to the Churchill and Superior blocks and finite strike

lengths to the Cape Smith fold belt associated with a deep seated suture
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zone. Modeling of the field anomalies by the present method reveals that i)
the Churchill block is much thicker and ii) the western boundary of the
base of the fold belt within the Superior block is shallower than reported

in previous studies.

Based on the automatic modeling and inversion of gravity anomalies
of 2-D and 2.5-D sedimentary basins with EDF, it is concluded that the
results are highly reliable in comparison with the assumed parameters in
case of synthetic examples and with the available/drilling depths in the
case of field examples. On the other hand, almost in all cases, when
modeling and inversion implemented with UDF results inaccurate depth
structures implying that UDF is inappropriate in such applications.
Furthermore, the advantage of the semiautomatic modeling technique is
that it can be used to model the gravity anomalies of a variety of geological

sources irrespective of their size, shape and density contrast.

The novelty of the 2.5-D automatic modeling and inversion
techniques and the semiautomatic modeling is that these algorithms are
fairly and equally applicable even when the profile along which the
interpretation is intended fails to bisect the strike lengths of the
anomalous sources, which is yet another significant contribution from the

thesis.

Chapter-V summarizes the overall conclusions from the thesis and

scope for future research.
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CHAPTER
ONE

Introduction

1.1 General

The enhanced expansion in the demand for oil and gas and other
natural resources of all kinds led to the development of many geophysical
techniques of ever increasing sensitivity for the detection and mapping of
unseen deposits and structures. In this direction, some of the geophysical
methods like gravity, magnetic, electrical, electromagnetic, seismic etc.
play an important and indispensable role in comprehending the various
intricacies of the subsurface of the earth. Further, the advent and
advancement of computer hard and softwares besides a sea change in
geophysical instrumentation, the task of data acquisition, processing and

interpretation become elegant and efficient besides being effective.

Despite the fact that the geophysical industry witnessed amazingly
an all round development, spatial location of subsurface targets and
geological translation of geophysical measurements/interpretation poses a
formidable challenge to the practicing geophysicists and at times continues
to be elusive. Deducing some aspects of the earth’s subsurface structure

on the basis of measurements taken at the surface is invariably an inverse

1



problem. Generally, such inverse problems suffer from an inherent
ambiguity or non-uniqueness either at interpretation stage or in the
conclusions. The degree of uncertainty in geophysical interpretation can
often be reduced to an acceptable level by integrating other geophysical
field measurements to solve such problems; however, the problem of
inherent ambiguity cannot be circumvented (Chakravarthi et al., 2007). It
is true that significant differences from an actual subsurface geological
situation may give rise to insignificant or immeasurably small differences
in the quantities actually measured during a geophysical survey. Thus,
ambiguity arises because many different geological configurations could
reproduce the observed measurements. This basic limitation results from
the inevitable fact that geophysics attempts to solve a cumbersome inverse

problems.

It is to be realized that experimentally derived quantities are never
exactly determined and experimental error adds a further degree of
indeterminacy to that caused by the incompleteness of the field data and

the ambiguity associated with the inverse problem.

Generally, a unique solution can’t be found from a set of field
measurements, geophysical interpretation is concerned either to determine
properties of the subsurface that all possible solutions share or to

introduce assumptions to restrict the number of admissible solutions.

In spite of the inherent problems, however, geophysical methods are
inevitable tools for the investigation of subsurface geology and occupy a

key role in exploration programs for geological resources. The gravity

2



method plays a significant role in mineral and hydrocarbon explorations

and some mathematical concepts of gravity field are briefed hereunder.

A body rotating with the earth experiences the gravitational force of
the masses of the earth, other celestial bodies, as well as the centrifugal
force due to the earth’s rotation. The resultant is the force of gravity. If the
effects of centrifugal force and that of celestial bodies are removed from
gravity, the left out component is gravitation. Newton’s law of gravitation
states that the force of attraction between two point masses m; and m, is
directly proportional to the product of their masses and inversely to the
square of the distance between the centers of respective masses and is
given as

_Gmlmz k

where, F is the force on m,, r is the distance between m; and m, and G is
the universal gravitational constant. The minus sign represents that the
force is always attractive. By setting the mass at the attracted point to
unity, the above equation transforms into the gravitational acceleration

—Gmk
g = -

o (1.2)

The vector k may be expressed by the position vectors r and r’ in the

Cartesian coordinate system as

k=r—r'T=XY,2),r" =X,Y, 27, (1.3)

with the magnitude of



k=yX—X)2+ ¥ —-Y)2+(Z-2)2 (1.4)

However, the earth is composed of an infinite number of differential
mass elements, dm. The gravitation on the unit mass results from the
integral over the individual contributions. The equation for gravitational

acceleration then takes the form (Moritz, 1980; Chakravarthi, 2011)

=t =

The mass element dm can be expressed as
dm = pdu, (1.6)
where, p is the density of volume element, du.

The representation of gravitational acceleration and related
computations are simplified if the scalar quantity (potential) is used.

Because the gravitational field is invariant to rotations
curl g = 0. (1.7)

The vector g may be represented as the gradient of a potential U (Sigl,

1985),
g=—gradU. (1.8)
For a point m,
GM
U= T,with lim U. (1.9)
r—oo

For the earth,



dm p .
U=fof—=6ff —du, lim U. (1.10)
r r r—00

The potential indicates the work that must be done by gravitation in order
to move the unit mass from infinity to the point under consideration.
From the above relations, it is clear that once the density function p was
known for the earth, the gravitation can be calculated as a function of
position.

Gravity potential, U, satisfies Laplace’s equation (Murthy,1998), i.e.,
VU =0, (1.11)

at all points unoccupied by matter. All the space derivatives of this
potential also satisfy Laplace’s equation. However, at points occupied by

matter, gravity potential satisfy Poisson’s equation
V2U = —4nGd, (1.12)

where, d is the density at the point under consideration. Green’s theorem
connecting volume and surface integrations of potential fields has many
important applications. If U and U’ are two potential functions, whose first
derivatives are finite, continuous, and single valued throughout a volume,

v, bounded by a closed surface, s’, then

U’ U
'—|ds’, (1.13)

f(UVzU’—U'VZU)dUZI U—-—-U —
on on
v s!

where, n is the direction of the outward drawn normal to the surface. The

theorem is independent of the size or shape of the surface or the nature of



distribution of masses causing U and U’. If U’ is assumed to be constant
everywhere, and U is the Newtonian potential due to masses distributed

both inside and outside the closed surface, s', then

aou’

ViU’ = —=0. 1.14
" On (1.14)
Equation (1.13) then takes the form
f ViUdv = fa—Uds’ (1.15)
) oon '
v s’

If U, and U,,; are, respectively, the potentials due to masses inside
and outsides, then U,,; obeys Laplace’s equation, while U, satisfies

Poisson’s equation, i.e,

faud'—‘l-GM 1.16
gn &5 T T (116)

This is known as Gauss’ law, which states that the total normal
gravitational flux over a closed surface is —4nG times the enclosed mass.
This law holds good irrespective of the type of mass distribution in s’.
Basic relationships can therefore be established between the observations

in the gravity field and the parameters describing the surface.

The acceleration of gravity in the direction of z-axis (that is the
vertical which is the only direction in which g can be measured directly)
can be derived from equation (1.9) with reference to the origin of the

Cartesian coordinate system as



ou z
9z = _E = Gp fffﬁdxdde, (1.17)
where, 12 = x% + y? + z2.

On the other hand, if the mass is very long in the y-direction and has
a uniform cross-section in the xz-plane, the gravity attraction can be

derived from a logarithmic or 2-D potential and is given as
1
U=2Gp ff log (;) dxdz. (1.18)

Thus the gravity effect of a 2-D structure can be expressed as

_ 6U_2G ﬂ'zdxdz 119
92 = "%, =7 rz '’ (1.19)

where, 72 = x? + z2.

The relation derived above for the gravity effect of a 2-D and 3-D
structures are under the assumption that the density is constant all

through the volume.

The contrast in density between the source of interest and the
surroundings is exploited to measure the corresponding gravity field either
or both on the surface of the earth as well as in boreholes. The measured
gravity field is subsequently corrected for the unwarranted effects that
arise due to the earth’s topography, the nature of the subsurface etc.
before attempting any meaningful interpretation followed by its geological

translation.



It may be emphasized in unequivocal terms that the success of
gravity method largely depends on the existence of significant density
contrast, which could generate favorable geophysical response due to the
source of interest, the size and depth of the source and subsequent

interpretation.

From the measurements of gravity fields, it could be possible to
identify large objects having a change in density even when the objects are
buried beneath the earth’s surface. Furthermore, with the advent of
gravity measurements derived from satellite altimetry, the density of
gravity measurements in the oceans took a quantum leap forward. Many
details of the geometry of tectonic plates, particularly in the southern
hemisphere, became clear for the first time. A brief history of the
development of the gravity method was elucidated well in classic papers by

Eckhardt (1948) and Nabighian et al. (2005).

Gravity method plays a decisive and definite role in oil and natural
gas exploration. Geologic structures in which hydrocarbons are entrapped
exhibit such large contrasts in density with respect to the surrounding
formations that gravity data also can be used to decide on drilling
locations. Currently gravity surveys are carried out in the search for oil is
designed for reconnaissance of large unexplored areas. In oil exploration,
the gravity method is particularly applicable in salt provinces, over thrust
and foothills belts, and targets of interest that underlie high velocity zones.
Gravity models are routinely used as a constraint for seismic imaging of

the bottom of allocthonous salt bodies. The gravity data are used in



conjunction with prestack depth migration of the seismic data in an
iterative way to build a better velocity cube, there by leading to clearer

images of the base of the salt (Huston et al., 2004).

In the absence of required geological information in a region, gravity
method can provide vital information about the size and thickness of a
sedimentary basin to justify further investigation. Generally, sedimentary
rocks have densities lower than basement rocks, in which case, the
density contrast makes it possible to map the boundaries and determine
the approximate depth distribution of the basins. Furthermore, a priori
knowledge of the region from gravity data reduces the risk and cost
involved in seismic surveys and aids in properly locating seismic lines.
Although, the gravity method appears to have limited applicability in
mineral prospecting, some ores such as high-density chromites and
sulphides can be located by detailed gravity surveys. In addition, this
method is used to directly calculate massive ore reserves. Buried
channels, which might contain gold and uranium minerals, can frequently
be located by gravity method. Regional studies make it possible to detail
major structural features such as faults or lineaments, where mineral
accumulations are likely. Further, gravity surveys are frequently employed
in base metal exploration. There is also a modest increase in the use of
gravity method in archeological investigations (Lakshmanan and
Montlucon, 1987; Deletie et al., 1988; Brissaud et al., 1989). Thus, gravity
method being economical serves as an important and indispensable tool
particularly when the contrast in density between the targets of interest

and their host rocks is significant.



1.2 Gravity corrections

The measured vertical component of gravity field on the surface of
rotating earth is not uniform owing to its uneven topography besides its
departure of shape from that of a sphere and its centrifugal force.
Corrections can be worked out and applied to the measured gravity fields
to offset the aforesaid effects. The left out residues are known as the
Bouguer gravity anomalies, which are related to the lateral variation in
density of the materials at different depths below the ground surface. The
deduced subsurface density distributions are finally translated in terms of
the sources of geological interest. The end product of a gravity survey
yields a set of gravimeter readings and a set of station elevations measured
with respect to the mean sea level or geoidal surface. After properly
accounting for the drift of the instrument and temporal variations of the
earth’s gravity field, absolute gravity at each observation is established by
connecting the field gravity meter readings to the base station. These
absolute gravity values represent the cumulative effects of the sources
being looked for, in addition to the earth’s topography, its non-sphericity
of shape and its centrifugal force. In principle, normal gravity is
calculated on the spheroidal surface of the earth, projecting it to the level
of observation and adding to it the gravity effect of the masses between the
spheroid and the ground surface. This can be realized by applying a series
of corrections viz., normal or latitude correction, free-air correction,
Bouguer correction and topographic correction to the measured gravity
data. A detailed account on the application of gravity corrections is given

by Rao and Murthy (1978).
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The corrected gravity fields are known as the Bouguer gravity
anomalies. However, it is to be noted that in free-air and Bouguer gravity
corrections, the elevation, h, has to be measured from the spheroid. In
reality, elevations are measured with reference to the mean sea level or
geoidal surface. Therefore, the Bouguer gravity anomalies are invariably
associated with an indispensable error, which is being equal to (0.3086 —
2nGdg)hy, where, dg is the Bouguer density and hy being the elevation of
the geoidal surface above the spheroid. However this effect will be
automatically compensated during the process of regional and residual
anomaly separation (Murthy, 1998). When the elevation differences
between stations are small, the anomalies are sought to have been made
on a mean horizontal plane coinciding with the topography. Finally, the
Bouguer gravity anomalies are presented in the form of contour maps and

as stacked profiles and then subjected to interpretation.

1.3 Interpretation

Interpretation of gravity anomalies is a four-prong strategy viz., i)
qualitative interpretation of Bouguer anomaly maps, ii) regional and
residual anomaly separation, which is often supplemented with derivative
calculations and continuation, iii) quantitative interpretation and iv)

geological translation of geophysical interpretations.

1.3.1 Qualitative interpretation

In qualitative interpretation, gravity highs and lows are identified on

a contour map and their axes are correlated with known surface or
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subsurface geology and the correlations are extrapolated to poorly mapped
areas. Further, the nature and characteristics of the anomalies are
studied to identify the source geometry, its orientation besides its

approximate depth of occurrence.

Two-dimensional bodies of large strike lengths are represented by
anomaly contours elongated roughly parallel to the strike of anomalous
bodies; conversely the direction of elongation of contours or their axis is a
measure of the strike of the anomalous body. Three-dimensional bodies
with little or no strike-length produce elliptical or closed contours. Bodies
occurring at shallow depths generate sharp anomalies, while those at

depth will be responsible for broad anomalies only.

When the anomalies are presented in the form of profiles, typical
characteristics of individual profiles are identified and correlated with
those on neighboring profiles. Characteristic features persisting on
neighboring profiles are indications of anomalous bodies of large strike
length, whose direction can be determined. Fault bodies or their
terminations create dislocation or complete absence of characteristics on
neighboring profiles. Widths of individual anomalies and their sharpness

decide the order of depth or horizontal dimensions of the body.

1.3.2 Regional and residual anomaly separation

The measured Bouguer gravity anomalies are the cumulative gravity
effects of the sources distributed both laterally and vertically. The

contribution of gravity field due to the source/sources of interest are

12



known as the residual gravity anomalies, which are high frequency in
nature, while that of the sources situated at deeper levels and the sources
far away from the source/sources correspond to low frequency and known
as regional gravity anomalies. The gravity field due to sources above the
object of interest is known as noise and can be identified and removed
from the Bouguer anomalies owing to its conspicuous and random nature
of occurrence. Deeper/far away sources generate broad wavelength gravity
anomalies in comparison with the residuals and can be separated from the
Bouguer anomalies. This process of separating the regional gravity
anomalies from residuals is known as the regional and residual anomaly

separation.

Generally, known geology plays a decisive role in deciphering the
best regional trend on a Bouguer anomaly map. Further, the process of
regional and residual separation is highly biased in the absence of apriori
information about the geology (Chakravarthi and Sundararajan, 2007).
Some of the elementary methods such as graphical and smoothing
techniques, empirical gridding methods, second derivative etc. (Telford et
al., 1990) are commonly employed for regional anomaly separation. Many
other methods based on upward continuation (Jacobsen, 1987; Pacino
and Introcaso, 1988), minimum curvature (Mickus et al., 1991),
orthogonal polynomial fitting (Grant, 1957; Forsythe, 1957; Spitz, 1966;
Merriam and Cocke, 1967; Beltrao et al., 1991; Agarwal and Sivagi, 1992),
linear filtering (Strakhov, 1964; Strakhov and Lapina, 1967, Naidu, 1966;
Naidu, 1967; Spector and Grant, 1970; Byerly, 1965; Sax, 1966; Lavin

and Devane, 1970), nonlinear filtering (Naudy and Dreyer, 1968), Band
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pass filtering (Blakely, 1995), Wiener filtering (Pawlowski and Hansen,
1990), Green’s equivalent layer concept (Pawlowski, 1994), fractals
(Chapin, 1996), finite elements (Mallick and Sharma, 1999; Agarwal and
Shalivahan, 2010), Hartley transform (Kadirov, 2000), multiscale edge and
iterative lateral continuation and subtraction analysis (Boschetti et al.,
2004), eigenimage extraction technique (Ganguly and Dimri, 2013), and
higher order polynomial fitting (Chakravarthi et al., 2013c) are available

for separating regional anomaly from the Bouguer gravity anomalies.
1.3.3 Quantitative interpretation

Quantitative interpretation of gravity anomalies aims at estimating
the parameters of geophysical models, which in turn explain the geology.
However, the interpretation of gravity anomalies is non-unique in the
sense that the measured gravity anomalies on the plane of observation
can be explained by a variety of density distributions as explained by Roy
(1962) and Blakely (1995). The ambiguity in gravity interpretation is often
tackled by assigning a mathematical geometry to the anomalous mass
with a known density and then to invert the anomalies for the unknown
parameters such that the modeled gravity anomalies mimic the observed
ones and the estimated structure be geologically reasonable (Murthy,
1998; Chakravarthi et al., 2013c). Using the information derived from
drilling/other geophysical data in the model space would further reduce

the degree of uncertainty in the interpretation.

The nature and characteristics of the anomalies very often reveal

that whether the anomalous source is a 2-D, 2.5-D and/or 3-D structure
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(Rao and Murthy, 1978; Murthy, 1998). Suitable interpretation strategies

can therefore be applied to interpret gravity data.

Although, interpretation techniques based on the thumb rules,
curve matching etc. are in vogue, the advent and advancement of digital
computers coupled with sophisticated software revolutionized the art of
interpretation leading into the development of highly powerful algorithms,

which almost surpass the existing old techniques.

1.4 Review of existing methods

Techniques developed in the past, based on the Fourier transforms
(Sharma and Geldart, 1968; Collins et al., 1974; Mohan, 1978; Murthy
and Rao, 1980; Chacko and Battacharya, 1980; Mareschal, 1985;
Annecchione et al., 2001), Singular Value Decomposition (Lines and
Treitel, 1984), Backus-Gilbert approach (Green, 19735), Hilbert transforms
(Sundararajan et al., 1983), Hartley transforms (Sundararajan and
Brahmam, 1998), tunneling algorithms (Mohan et al., 1986), Monte Carlo
methods (Mosegaard and Tarantola, 1995), neural networks (Guang et al.,
1998; Leite and Filho, 2009), Sundararajan transform (Sundararajan et
al., 2000), simulated annealing (Nagihara and Hall, 2001; Jingxin et al.,
2013), wavelet transforms (Marlet et al., 2001; Orug, 2014), genetic
algorithms (Boschetti et al., 1997; Yao et al., 2003), analytic signals (Beiki,
2010), Eigenvector analysis (Beiki and Pedersen, 2010), Particle swarm
optimization (Toushmalani, 2013) are available to interpret the gravity
anomalies assuming uniform density for the source/sources. However,

such an approximation of uniform density for the anomalous source/
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sources is seldom valid particularly when reference is made to the

structures associated with the sedimentary rocks.

There are two specific approaches namely linear and nonlinear for
the inversion of gravity anomalies is available. In the case of linear
inversion, the source volume is divided into a number of blocks with
simple geometry and the density of each block is determined (Li and
Oldenburg, 1998) while in nonlinear inversion, a known density contrast
is assumed and nonlinear operators are designed to determine the
geometry of the source of the anomaly. The linear approach is easily
applicable to the subsalt structures in hydrocarbon exploration, wherein
the density contrast between the salt and surrounding sediments varies
with depth. In such strategies, to constrain the density of each block in
the linear method, ridge regression algorithm is generally used. Fedi and
Rapolla (1999) have suggested an inversion technique of gravity and
magnetic data with depth resolution. In their method, which is natural
and objective, involves least squares of both the horizontal and vertical
variation of the field. Boulanger and Chouteau (2001) have developed a
flexible code for the inversion of gravity data using a selection of
constraints such as minimum curvature, flatness and compactness.
Jessell (2001) studied in detail the different ways of potential field
modeling systems that represent the 3-D structure of the earth’s crust. On
the other hand, Bosch and McGaughey (2001) discussed the effect of joint
inversion of gravity and magnetic data under lithologic constraints.
Nagihara and Hall (2001) introduced a robust technique for gravity

inversion, which dramatically reduces the ambiguity of the final model
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associated with the problem of non-uniqueness. This inversion algorithm
of Nagihara and Hall (2001) makes use of Simulated Annealing Global
Optimization (SAGO), which has advantages over the conventional
methods as this algorithm converges rapidly with minimum computation
memory besides being efficient. Further, Mendonca (2004) present an
inversion of gravity field inclination to map the basement of sedimentary
basins that does not require the knowledge of the basin density contrast,
however, determine the contrast under the assumption that the basin is

homogeneous.

In inverse problem a set of geological parameters is sought to define
mathematical models which reproduce the observed data in a satisfactory
fashion. Normally, such an inversion is dealt with local optimization
techniques such as steepest descent (Paul, 1972), conjugate gradients or
simultaneous iterative reconstruction method (Commer, 2011) etc.
However, there are a few constraints, which may limit the effectiveness of
these methods. In recent years, global optimization techniques such as
genetic algorithms (Boschetti et al., 1997; Roy et al., 2002), simulated
annealing (Roy et al.,, 2002; De Vicente et al., 2003), ant colony
optimization (Dorigo and Blum, 2005; Gupta et al., 2011; Srivastava et al.,
2013), and particle swarm optimization (Eberhart and Kennedy, 1995;
Shalivahan and Agarwal, 2010; Toushmalani, 2013) etc. which can
overcome the limitations associated with local optimization are found in
literature. These methods usually start with an initial set of variables and
then evolve to obtain the global minimum or maximum of the objective

function.
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Genetic Algorithms (GA) are search methods modeled on the
evolutionary behavior of biological systems, capable of solving complex
nonlinear problems. Simulated Annealing (SA) simulates annealing
process in which a substance is heated above its melting temperature and
then gradually cools to produce the crystalline lattice, which minimizes its
energy probability distribution. Ant Colony Optimization (ACO) is another
evolutionary optimization algorithm which is inspired by the pheromone
trail laying behavior of real ant colonies. On the other hand, Particle
Swarm Optimization (PSO) is a population based stochastic optimization
technique inspired by social behavior of bird flocking or fish schooling.
PSO shares many similarities with GA. The system is initialized with a
population of random solutions and searches for optima by updating
generations. However; unlike GA, PSO has no evolution operators such as
crossover and mutation. In PSO, the potential solutions, called particles,
fly through the problem space by following the current optimum particles.
These algorithms are increasingly finding application in geophysical
problems including potential field inverse problems, particularly in
simultaneous inversion of gravity and magnetic data in order to
reconstruct the shape of buried geological bodies; however, they are far
more expensive. The main advantage of such a procedure is that the
ambiguity inherent in the inversion of potential field data is greatly

reduced when the two data sets are combined.

Thus, the real goal of inverse problems is to determine model
parameters from observations; hence inverse problems are an important

area of geophysical research and industrial application. A major task of
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geophysics is to make quantitative analysis about the subsurface of the
earth, based on the measurements made on the surface of the earth.
Although, a solution that satisfies the observed data can easily be found,
its non-uniqueness in potential field method is caused by the nature of
the physics and under determination of the problem. To deal with non-
uniqueness using models composed of a large number of contiguous cells
of known density, a priori information can be added to constrain the

solution.

The aim of the present work as presented in this thesis is to develop
appropriate 2-D and 2.5-D automatic modeling and inversion strategies
coupled with relevant GUI based softwares in JAVA to analyze the gravity
anomalies of sedimentary basins using prescribed Exponential Density
Function (EDF). Further, a semiautomatic 2.5-D modeling with relevant
software coded in JAVA is also developed in the space domain to analyze
the gravity anomalies of multiple geologic sources having differing strike
lengths, density contrasts and thickness parameters. In all the inversion
strategies presented in Chapters II and III, the ridge regression algorithm
(Marquardt, 1963; Marquardt, 1970) is used to estimate the source

parameters.

1.4.1 Exponential density function (EDF)

It is well known that the density of sedimentary rocks varies with
depth (Athy, 1930; Hedberg, 1936; Hughes and Cooke, 1953; Rubey and
Hubbert, 1956; Weller, 1959; Crowe and Redmond. 1962; Ham, 1966;
Foster and Whalen, 1966; Teodorovich and Chernov, 1968; Gardner et al.,
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1974; Nettleton, 1976; Maxant, 1980; Sclater and Christie, 1980; Prieto et
al., 1985; Hermes,1986; Peirce and Lipkov, 1988; Ferguson et al., 1988;
Abdoh et al., 1990; Jachens and Moring, 1990; Garcia-Abdeslem, 1992;
Ruotoistenmaki, 1992; Abbott and Louie, 2000; Moral et al., 2000;
Kadirov, 2000; Nagihara and Hall, 2001; Adriasyah and McMechan, 2002;
Ursin et al., 2003; Hinze, 2003; Chakravarthi, 2003; Gomez-Ortiz et al.,
2005; Garcia-Abdeslem, 2005; Gimenez et al., 2009; Azeglio et al., 2010;
Gu et al., 2014; Martinez et al., 2014) and hence the use of variable
density functions in the analysis of gravity anomalies is more preferable

than uniform density model.

Furthermore, the density-depth curves constructed for different
stratigraphic units in many sedimentary basins at their centers and along
margins from the measured well density logs exhibit a range of densities
but the mean sediment density clearly increases with depth with the
highest rate of increase in the top few kilometers. More often, the
sediments in the deepest part of a basin have a density approaching that
of the basement rocks whereas near the basin margins, the sediments in
contact with the basement have a relatively lower density (Cowie and

Karner, 1990).

The variation of density of sedimentary rocks with depth can be
described more effectively by an exponential density function (Cordell,
1973; Chai and Hinze, 1988; Chappell and Kusznir, 2008; Chakravarthi et
al., 2013a, Chakravarthi et al., 2013b, Chakravarthi et al., 2013c), if

differential compaction is assumed to be the most important diagenetic
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process in the evolution of sedimentary basins. Hence, the use of
exponential density function in the interpretation of gravity anomalies of

sedimentary basins often ensures more reliable results.

The exponential density function is defined as (Cordell, 1973)

Ap(z) = Apye™, (1.20)

where, Ap(z) is the density contrast of sediments at any depth, z, Ap, is the
density contrast at the surface/topography and A is a decay factor
expressed in reciprocal length units. The values of Ap, and A can be
obtained by fitting equation (1.20) with the knowledge of at least one of the
following
i) known subsurface geological information,
or
ii) pre/post stack inversion of seismic data,
or

iii) seismic tomography.

However, the quandary associated with the exponential density
function is that no closed form analytical gravity expressions can be
derivable in space domain even for simple geophysical geometries
(Chakravarthi and Sundararajan, 2004). In this thesis, a combination of
analytical and numerical approaches is used to realize forward gravity
modeling of geologic structures in the space domain using this density

function. From the known density-depth information, the Exponential
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Density Function (EDF) and Uniform Density Function (UDF) are

constructed for the field data presented in chapters II and III.

1.4.2 Automatic modeling and inversion

In literature, the terms ‘forward modeling’, ‘automatic modeling’ and
‘inversion’ are used more or less synonymously to refer to various
interpretation strategies of gravity anomalies. However, in the present
thesis, these terms are distinguished from each other following the criteria

suggested by Murthy (1998), Chakravarthi et al. (2013c).

Accordingly, forward modeling (indirect methods) refers to a
mathematical process of computing theoretical gravity response of a given
geophysical model with the known size and shape parameters. Therefore,
forward modeling is essentially an inbuilt part of the automatic modeling
and inversion strategies (direct methods). Automatic modeling schemes
refer to those strategies, which interpret the gravity anomalies of the open-
ended body/bodies that undulate over a mean/undisturbed depth.
Inversion strategies are capable of interpreting the gravity anomalies of
both open ended and closed geophysical models. Sometimes, modeling is
identified with forward modeling of anomalies, or the classical trial and
error method of interpretation, where the model parameters are modified
by the interpreter based on a comparison between the observed and
modeled gravity anomalies. There exist a few typical cases, where the
gravity anomalies are modeled automatically by computing machines

without an active interaction of the interpreter.

22



In automatic modeling schemes error between the observed and
modeled gravity anomalies at each observation is used to modify
selectively one particular parameter of the model such as depth to the
density interface only at that point, while in inversion error between the
observed and modeled gravity anomalies at all stations are used to
estimate the changes of a given geophysical geometry (Murthy, 1998;
Chakravarthi et al., 2013c). A detailed account of the principles of
inversion is described by Al-Chalabi (1970, 1972), Oldenburg (1974),
Pedersen (1977), Murthy (1998), Scales and Snieder (2000), Chakravarthi

(2003).

In automatic modeling and inversion strategies, approximate
parameters of a given geophysical model are generally assumed based on
known geology and subsequently improved in an iterative approach until
the observed gravity anomalies fit closely the theoretical anomalies.
Gravity anomaly due to a geophysical model can be expressed as a product
of shape and size parameters. The size parameter contains the information
on the physical property contrast and shape parameter possesses the
information of the dimension of the geophysical model under
consideration. Modeling schemes solve the shape parameters of a
geophysical model, such as the depth to a density interface, whereas
inversion strategies can be formulated to determine either or both size and
shape parameters, provided the number of unknowns to be solved is less

than or equal to the number of measurements.
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The generalized flow chart of automatic modeling and inversion
strategies is given in Figure 1.1. In both the schemes, an appropriate
geophysical model is assumed with a set of shape and size parameters and
a suitable forward modeling routine computes the theoretical anomalies. If
the model response compares well with the observed one and the
interpreted parameters fall within the range to explain the geology, then
the interpreted model is considered to be satisfactory. In case, the modeled
anomalies do not fit well the observed ones then the model parameters are
modified in an iterative approach within the specified convergence criteria.
It is to be noted that in automatic modeling, the parameters are improved
based on simple forward difference approximation (Chakravarthi et al.,
2013a) whereas in inversion, normal equations are to be constructed and
solved for the increments/decrements of the parameters (Murthy, 1998;

Chakravarthi et al., 2013b; Chakravarthi et al., 2013c).
1.4.3 Principles of ridge regression algorithm

The principles of ridge regression inversion (Marquardt, 1963) can
briefly be explained as under. Let FA’Iz, l2=1, 2,..,N are the unknown
parameters of a geophysical model to be solved from N,,; observations.
Further, let P, l2=1,2,..., N be the initial parameters for which the model
gravity anomalies, gmoaxk), k =1,2,..,Nypsare obtained by a relevant
forward modeling routine, g(xV, z f’l |52,....). Since the initial parameters

are only approximate, the model gravity anomalies, gmoqk), deviate from

the observed anomalies, g,psk). The difference between observed and
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modeled gravity anomalies is quantified by a misfit function,J, (Murthy,

1998; Chakravarthi and Sundararajan, 2004) as

Nobps
2

J= 2 [gobs(k) - gmod(k)] . (1'21)
k=1

For J to be minimum, the partial derivatives of ] with respect to each

parameter to be solved, |5|2, |2=1, 2,...,N is set to zero i.e.,

aJ
- = 0, i’ = 1, 2, ...,N. 1.22
o5, = Ofor ] (1.22)

In gradient search methods, the differences between optimum and

A

assumed parameters, dP;, k=1, 2, .. N are solved in an iterative approach.
The expression for gravity anomaly of a geophysical model with optimum

parameters can be expressed in a truncated Taylor’s expansion as

N
0 ~
g(P{+dP;,P, +dP,,....,Py +dPy) = g(P{,P,, ..., Py) £ Z ——dP;. (1.23)

Substituting equation (1.23) in equation (1.21), the misfit function, J, can

be expressed as

Nobs N a 2
! I ! g =
] = z [gobs(k) - gmod(k) (Pl'PZﬂ ---'PN) t 2 aﬁA dPTc] . (1-24)
k=1 k=1 K

Upon substitution of equation (1.24), equation (1.22) takes the form
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Nobs

! ! ! ag ./
= Z [Gobsey — Gmoaqy (P1 P, ""PN)]EJ =12,..,N. (1.25)
k=1 7

A set of normal equations equal to the number of unknown
parameters are framed and solved for the increments/decrements of the N
unknown parameters, dﬁ,;,Tc =1,2,..,N. When the approximate initial
parameters, P'g, k=1,2,..,N of the modeled anomalies are significantly
deviated from the actual parameters,P;, then the increments/
decrements, dﬁk,/k =1,2,..,N obtained from equation (1.25) tend to be
spurious resulting in the divergence of the solution. To overcome such a

difficulty a damping factor,d, can be incorporated in equation (1.25) as

Nobs N P P
Z 29 %9 (1 4 96)dP,
S a jl apk
k=1 k=1
Nobs
! ! ! ag ./
= 2 [90bs00 = Gmoaty (PLs P P 5500 = L2,000N, - (126)
k=1 J’

where,

9= {1 forj' =k
0forj #k’
Partial derivatives required in the above system of equation (1.26)
can be computed either numerically or analytically. Initially the value of 6
is set to 0.5 and equation (1.26) is solved for the increments/decrements,

dPz, k=1,2,..,N, and are subsequently added to/subtracted from, P;,
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k=1,2,..,N, to obtain the improved parameters, Pr'nodk, k=1,2,.. N.If the
current value of the misfit function, J,,,4, obtained with P/ odh? k=12,..,N

m

is less than its previous value, J, then J,,4 is assigned to J and P, ,; to P,
k=1,2,..,N, and the damping factor, 0, is decreased by a factor of 2. In
case, Jmoq is greater than J, then the value of ¢ increases by a factor of 2.

The inversion algorithm automatically gets terminated in case

i) the specified number of iterations completed
or

ii) the misfit function falls below a predefined allowable error
or

iii)  the damping factor assumes an unusually large value.

1.5 Aim and scope of the thesis

The aim and objective of the thesis is to investigate the application
of ridge regression algorithm in inversion of gravity anomalies due to 2-D,
2.5-D sedimentary Dbasins, besides developing automatic and
semiautomatic modeling schemes coupled with relevant GUI based
softwares coded in JAVA. Accordingly, the thesis under study is organized

into five chapters as detailed here under.

Chapter-I deals with general introduction, a brief review of the
earlier work on automatic modeling and inversion besides a detailed

discussion on the mathematical analysis of ridge regression algorithm.

In Chapter-II, automatic modeling and inversion algorithms coupled

with a GUI based software to analyze the gravity anomalies due to 2-D
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sedimentary basins with exponential density function are dealt with. The
analysis is supported in each case by a theoretical model and
substantiated with real field data pertaining to the San Jacinto graben,

California.

Automatic modeling and inversion of gravity anomalies due to 2.5-D
sedimentary basins with exponential density function are dealt with in
Chapter-IIl along with a relevant GUI based software. The effect of the
offset of the profile on the magnitude of gravity anomaly is discussed in
depth. Both with a theoretical model and real field data of Chintalpudi

sub-basin, India, the modeling and inversion are demonstrated.

In Chapter-IV, a semiautomatic modeling algorithm and a GUI
based code to analyze the gravity anomalies of multiple geologic sources
having differing strike lengths and arbitrary density contrast depth
variations is dealt with. The effects of azimuth of the profile and strike
length of the structure on the magnitude of the gravity anomaly are
demonstrated in detail. The analysis is supported by a synthetic model
and real field data across the suture zone between the Superior and

Churchill structural provinces in the Canadian Shield.

In all the theoretical models and field data analysis presented in
chapters II and III the modeling and inversion carried out with
Exponential Density Function (EDF) is compared with that of Uniform

Density Function (UDF).
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A comprehensive conclusion of the entire work presented in the

thesis and scope for future research are given in Chapter-V.
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CHAPTER
TWO

Automatic Modeling* and Inversion” of Gravity
Anomalies due to 2-D Sedimentary Basins with
Exponential Density Function

2.1 General:

Calculation of basement depths where the density contrast varies
significantly is an important geological study of the gravity method in
regional geophysical surveys and hydrocarbon exploration. Negative
gravity anomalies are generally observed over sedimentary basins having a
large thickness of low-density rocks. The interpretation of gravity
anomalies due to such sedimentary basins mimics a mathematical
process of trying to fit a suitable geometry to low-density sedimentary load
over the basement and identifying the model parameters within the
permissible limits such that the modeled gravity anomalies fit the
observed ones. Stacked prism model of Bott (1960) and polygon model of
Talwani et al. (1959) are widely used mathematical geometries for
modeling sedimentary basins. In Bott's (1960) method of interpretation,

* Published in Journal of the Geological Society of India (2013, 82, 561-569),
Springer.
+ In press with Acta Geophysica, Springer.
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the cross-section of a sedimentary basin was viewed as a series of
outcropping juxtaposed prisms, while in the method of Talwani et al.
(1959); the outline of the source was approximated by an N-sided polygon.
The necessary condition involved in Bott’s method of interpretation is that
the observations/measurements must be available at equal station
interval along a profile; which however is not mandatory in Talwani’s

method.

Although many forward modeling schemes (e.g., Paul, 1974;
Barnett, 1976; Okabe, 1979; Golizdra, 1981; Strakhov et al., 1986; Won
and Bevis, 1987; Gotze and Lahmeyer, 1988; Pohanka, 1988; Pohanka,
1990; Holstein and Ketteridge, 1996; Singh and Guptasarma, 2001) to
compute the gravity anomalies with uniform density are available, they
are of limited application in analyzing the gravity anomalies of
sedimentary basins because i) the parameters of such basins are not
known in advance, and ii) density of sedimentary rocks varies with depth.
Further, in the absence of additional information it becomes an uphill
task to fit the model gravity response of a sedimentary basin with the
observed one by adjusting several depths to the interface in an interactive
mode (Chakravarthi et al., 2013a). In this context, Morgan and Grant
(1963), Oldenburg (1974), Bhattacharya and Navolio (1975), Murthy et al.
(1988), Murthy and Rao (1989), Leao et al. (1996), Barbosa et al. (1997),
Barbosa et al. (1999), Annecchione et al. (2001), Silva Dias et al. (2007)
have developed techniques to interpret gravity anomalies due to 2-D
sedimentary basins presuming uniform density for the sedimentary rocks,

which is seldom valid.
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On the other hand, Ruotoistenméaki (1992) devised a scheme to
calculate the gravity effects of 2-D sources of arbitrary cross-sections
using variable density contrast functions. Garcia-Abdeslem (1996)
developed a code in Fortran to compute the gravity response of a vertical
prism in which the density varies as a function depth. Martin Atienza and
Garcia-Abdeslem (1999) developed a technique to calculate gravity
anomalies of 2-D sources with an analytically defined geometry and
density contrast defined by a second order polynomial function of depth
and distance along the profile. Hansen (1999) derived a closed form
analytical expression for the gravity field of a polyhedron with linearly
varying density. Zhang et al. (2001) proposed a technique for computing
the gravity anomalies of 2-D bodies having irregular shape with density
contrasts varying according to a polynomial function with depth and
lateral position. Holstein (2003) presented formulas for the gravity
potential, field, and field gradient tensor for a polyhedral target body of a
spatially linear density medium, Garcia-Abdeslem (2005) employed a cubic
polynomial to describe the variation of density of sedimentary rocks with
depth. However, the linear density function is more appropriate to
describe the density variation of sediments at larger depths than at
shallower depths, whereas cubic polynomial fails to represent the actual
density at larger depths as demonstrated by Chakravarthi (2009). Further,
the enlisted forward modeling schemes find limited practical application in

analyzing the gravity anomalies of sedimentary basins.

Litinsky (1989) used a hyperbolic density function to calculate the

thickness of sedimentary basins using the Bouguer slab formula.
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However, this method invariably incurs a considerable amount of error
that is inversely proportional to the width of the basins (Chakravarthi and
Sundararajan, 2004). The interpretation methods developed by Rao
(1986), Rao (1990), Gallardo-Delgado et al. (2003) using a quadratic
density function would pose problems in automatic modeling and
inversion of gravity anomalies because this density function deviates both
in sign and magnitude from true density contrast at larger depths
(Chakravarthi, 2009). Zhou (2008) and Zhou (2009) derived generalized
equations for the gravity anomalies of irregular 2D masses with a depth

dependent density and horizontally and vertically dependent densities.

On the other hand, a few direct modeling methods are in vogue to
analyze the gravity anomalies of sedimentary basins wusing the
Exponential Density Function (EDF). Because of the fact that no closed
form analytical equations can be derivable in the space domain for the
gravity anomalies with an EDF, these algorithms perform forward
modeling in the frequency domain and then transform the anomalies back
to the space domain for further analysis. For e.g., Cordell (1973)
developed a recursive method using both gravity field and its vertical
derivative (determined by convolution in discrete Fourier series) to solve
the structure of a sedimentary basin from the observed gravity anomalies.
Granser (1987) had calculated the gravity effect of a structure based on
series expansion, the numerical evaluation of which was performed by fast
Fourier transform. Chai and Hinze (1988) proposed methods to analyze
both profile and 2-D gravity data, where the forward modeling was

realized in the wave number domain followed by its conversion to the
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space domain by a shift-sampling technique. Rao et al. (1993) derived
Fourier transforms of gravity anomalies of some simple geometric models
with exponential density contrast and used them in the analysis of the
gravity anomalies of sedimentary basins; however, these strategies yield
unreliable interpretations when the sediment-basement interface has
major undulations (Chakravarthi and Ramamma, 2013b). The method
developed by Rao and Rao (1999) also involved the calculation of the
gravity effect in the frequency domain and its subsequent transformation
to the space domain by Filon’s (1928) method. In recent past, Chappel
and Kusznir (2008) extended the method of Granser (1987) to calculate
the gravity anomaly as a function of the Fourier transforms of the
bounding surfaces of a basin with irregular top and bottom surfaces.
Nonetheless, the enlisted methods incur truncation errors when the
modeled anomalies transform from frequency domain to the space domain

(Chakravarthi and Sundararajan, 2007; Chakravarthi et al., 2013a).

On the other hand, a few space domain based algorithms are
available to model the gravity anomalies, where the exponential density
variation was accommodated in the interpretation by alternative means.
For e.g., Murthy and Rao (1979) proposed the subdivision of each side of a
2-D polygon into a number of segments along each of which the density
contrast was assumed to vary linearly with depth, whereas Guspi (1990)
described the exponential density function by a series approximation to
compute the gravity response. However, the method of Murthy and Rao
(1979) consumes significant amount of time even for forward modeling

(Visweswara Rao et al., 1994), whereas the method proposed by Guspi
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(1990) requires the knowledge of the degree of the polynomial, which is

generally not known a priori.

Thus, not many methods are in vogue in the space domain to
overcome the drawbacks associated with the existing aforesaid techniques
to interpret gravity anomalies of 2-D sedimentary basins using an
exponential density function, although many geological situations mimic

such density-depth variation.

This chapter deals with two space domain based interpretation
strategies and relevant GUI based software that are developed based on
the principles of automatic modeling and inversion to analyze gravity
anomalies of 2-D sedimentary basins, among which the density contrast
decreases exponentially with depth. The Bott’s (1960) method of profile
gravity interpretation is extended to develop these strategies. Applicability
of these techniques is illustrated with a synthetic model using both
exponential and uniform density functions (EDF and UDF) in each case
and also is exemplified with the interpretation of gravity anomalies of the

San Jacinto graben, California.

2.2 Automatic modeling

Automatic modeling of gravity anomalies of a sedimentary basin is
tantamount to a mathematical exercise of estimating depth values of the
floor of a sedimentary basin within the permissible limits such that the
modeled gravity anomalies mimic the observed anomalies (Chakravarthi

et al., 2013a).
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Figure 2.1 (a) Approximation of the cross-section of a 2-D sedimentary basin (solid line in black)
by an ensemble of vertical prisms (solid lines in red). The shade within the basin from yellow
to red indicates increase in density of sedimentary rocks with depth. (b) Gravity response
calculated by numerical and analytical methods using UDF.

(c) Geometry of a 2-D vertical prism.
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2.2.1 Forward modeling - theoretical considerations

Figure 2.1a shows the cross-section of a typical 2-D sedimentary
basin in xz-plane of the Cartesian coordinate system. Let the profile, AA’,
runs along the x-axis transverse to the strike of the basin. A collage of
vertical prisms having equal widths, whose thicknesses are to be
estimated, describes the geometry of the sedimentary basin (Figure 2.1a).
In this case, the number of prisms is equal to the number of observations
on the profile and the width of each prism is equal to the station spacing.
Let 2W be the width of one such prism and zz represents the thickness of
the prism along the z-axis positive vertically downwards (Figure 2.1a). Let
the density contrast along the prism varies vertically with depth according
equation (1.20). The gravity anomaly of such a prism, Agprism (%), 7)), on
the profile, AA’, outside the source region can be expressed as
(Chakravarthi et al., 2013a; Chakravarthi and Ramamma, 2013b)

(z — z;)dxdz

—sz +Z—ZJZ].

2.1

Agprism(lezj) = ZGf Ap(z) [X

N

Here, G is universal gravitational constant, (x,z) are source coordinates of
an element within the prism, and (x;z)are observer’s coordinates.
Substituting equation (1.20) for Ap(z) and upon integration with respect

to x, equation (2.1) takes the form (Chakravarthi and Ramamma, 2013b)

w
dz. (2.2)

ZB
Agprism(xj, Zj) = ZGA,DOJ- e~z [tan‘l
0
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Equation (2.2) needs to be solved numerically because no closed form
solution exists in the space domain (Chakravarthi et al., 2013a;
Chakravarthi and Ramamma, 2013b). Generally, numerical integration of
a set of digitized values at equal intervals is convenient with the
Simpson’s rule. In case, the sampled values show an unduly large
variation between any pair of consecutive points then the Simpson’s rule
tends to be unreliable and in such a case it is convenient to assume an
exponential variation in the digitized values between two consecutive
points (Murthy, 1998; Chakravarthi et al., 2013a; Chakravarthi et al.,
2013b). This approach has been adopted in the present case to obtain the
numerical solution of equation (2.2). The gravity anomaly with uniform
density function (UDF) can also be realized by letting A= 0 in equation

(2.2).

To evaluate the accuracy of the proposed numerical method, the
gravity effect produced by a homogeneous vertical prism having
dimensions zz = 4 km, 2W = 5 km (Figure 2.1c) with a density contrast of
-0.35 g/cm3 was obtained from both numerical integration of equation
(2.2) and the analytic solution of equation (2.2) by Murthy (1998) and
shown in Figure 2.1b. It was found that the maximum difference between
the two anomalies is hardly exceeds 10-* mGal, which in turn reveals the
efficacy of the proposed numerical technique. Further, it is to be realized
that equation (2.2) is strictly valid for the profile, AA’, which runs
transverse to the strike of the prism. In case the profile runs at an angle,
a, with the x-axis then x; in equation (2.2) needs to be replaced by x;cosa

(Chakravarthi and Ramamma, 2013b).
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The total gravity anomaly produced by a sedimentary basin at any

observation can be obtained as

N
gbasin(xj' Zj) = Z Agprism(xi' Zi)' (2-3)

=1
where, N stands for the number of prisms/observations on the profile.
2.2.2 Characteristics of gravity anomalies with EDF and UDF

To demonstrate the nature of gravity anomalies produced by a
geologic structure with exponential and uniform density functions (EDF
and UDF); two gravity anomaly profiles were generated (Figure 2.2a) in the
interval x; € [-10 km, 10 km] over a prismatic structure whose geometry is

shown in Figure 2.1c.
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Figure 2.2 (a) Gravity anomalies with EDF and UDF over a prismatic structure.
Geometry of the prism is shown in Figure 2.1c. (b) Prescribed EDF.
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Equation (1.20) described with the constants Apy =
-0.45 g/cm3 and A1 = 0.5 km! is used to simulate the density contrast
variation within the prism (Figure 2.2b). The anomalies of the structure

with UDF are realized by setting 4 = O.

It can be noticed from Figure 2.2a that the maximum anomaly
(absolute) produced by the prismatic structure with EDF hardly exceeds
half the maximum anomaly produced by the same structure with UDF. It
implies that sedimentary basins among which the density contrast varies
exponentially with depth would generate only moderate gravity anomalies,
and the fact that the present algorithm is also dependent on the
magnitude of the anomalous field necessitates considering the exponential
density function as a significant parameter in the interpretation for

reliable results (Chakravarthi et al., 2013a).
2.2.3. Automatic modeling of gravity anomalies

The method of interpretation starts by initializing a sedimentary
basin. It is presumed that at each observation, an infinite horizontal slab
(Bouguer slab) in which, the density contrast varies according to equation
(1.20) would generate the corresponding observed gravity anomaly. The
thickness of Bouguer slab with EDF is given by (Cordell, 1973),

_ 1 AGobs (%), 7))
ZB(Xj,Zj) = TlOg <1 — TAPO B (24)

where, g,ps(xj,2;), is the observed residual gravity anomaly at the station

(%j,z;). In case of UDF, the thickness of Bouguer slab can be estimated as
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gobS(xj'Zi)

) 2.5
2nGApg 2:5)

ZB (Xj,Zj) =

Using the initial depth estimates as obtained from equation (2.4) in case of
EDF and equation (2.5) in case of UDF, the gravity anomalies of the basin
are calculated using equation (2.3). Since the initial depth estimates of a
basin obtained from either equation (2.4) or equation (2.5) are only
approximate, the model gravity anomalies, gpqsin (x]-,z]-), from equation (2.3)
obviously deviate from the measured ones. The difference between the
observed and modeled gravity anomalies can be explained by a misfit
function, J, (equation 1.21). The difference between the observed and
model gravity anomalies are used to improve the depth estimates of the

prisms based on the expression given by Chakravarthi et al. (2013a) as,

g b (X',Z') _gb . (X',Z') .
ZP (x5, z)) = Z (%), 2;) + —— ZJnGAp(ZS)‘" 17 i=1,2,..,N, (2.6)

where, m stands for the number of iterations. The modified depth
estimates are again used to compute the model gravity anomalies of the
basin using equation (2.3) and a new misfit, /.4, is estimated. If the new
misfit, /04, i less than its previous value, J, then the value of J,,,q Will be
assigned to J and the process is repeated until one of the following

conditions is satisfied.

i) the specified number of iterations completed
or
ii) the current value of misfit, J, falls below a predefined allowable
error
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or

iii)  the current value of misfit is larger than its previous value.
2.3 Inversion

The objective of gravity inversion is to fit the modeled gravity
anomalies to the observed ones by adjusting the thickness parameters of
the basin in least squares approach such that the modeled gravity
response of the optimum depth structure mimics the observed anomaly
within the specified convergence criteria (Chakravarthi and Ramamma,

2013b).

The process of inversion begins by calculating the gravity response,
9rasin(%j, Zj), using the initial the depth estimates obtained from equation
(2.4) in case of EDF and equation (2.5) in case of UDF. The difference
between these two anomalies at any observation at the end of the kth
iteration can be expressed as the cumulative of the products of vertical
gradients of the anomaly and corresponding depth improvements of

prisms as (Chakravarthi and Ramamma, 2013b)

N
0AGyrism (Xi, 2;)
gobs(xjrzj) - gbasin(xj.Zj) = z [ pnsamz v dz;. (2.7)
i=1 Zy

Equation (2.7) is constructed for each observation and N normal
equations are framed and solved for the improvements in N depth
parameters of prisms by minimizing the misfit function, J, defined by

equation (1.21).
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The system of normal equations (equation 1.26) can also be
expressed in a matrix form as described by Chakravarthi and Ramamma

(2013b)

(A+46DX =B, (2.8)

where, A is a nxn matrix whose elements 4, are given by

N N
aAg rism(xm' Zm) aAg Tism(xm'zm)
Apji = E E P L ., j'=1,2,..,N. 2.9
nj aaj, aan ] ( )
n=1m=1

X = da,, (2.10)

aA i X ;Z
GprismEmeZm) o _ g5y (g1
aaj,

N
B = Z [gobs(xm' Zm) - gbasin(xm' Zm)]

m=1

Here, a,,n=1,2,...,N are depth parameters of prisms and da, represents
corresponding depth improvements. I is a diagonal matrix containing the

diagonal elements of the matrix A.

The partial derivatives required in equations (2.9) and (2.11) are
evaluated numerically, which involves the calculation of the rate of change
of the gravity anomaly with respect to the thickness of each prism
(Chakravarthi and Ramamma, 2013b). The improvements, da,, solved
from equation (2.8) are added to/or subtracted from existing depth
parameters of the prisms and the process repeats until one of the
conditions of its termination is fulfilled as described under section 1.4.3 in

Chapter-I.
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2.4 Description of software - MOD2DSD

Based on the algorithms of automatic modeling and inversion
(sections 2.2.3 and 2.3), a GUI based software, MOD2DSD, coded in JAVA
is developed in the space domain to analyze the gravity anomalies of 2-D
sedimentary basins using EDF (Appendix 2.1). The software provides an
option to the user to choose either automatic modeling or inversion to
interpret the anomalies. This software is platform independent and works
on any GUI based operating system with at least jdk 1.6 version installed.
The software follows Model-View-Controller (MVC) pattern according to the

structural relationship shown in Figure 2.3.

\ Uses
Controller
.

/
Updates\ ~/  Manipulates

N /

Figure 2.3 Structural relationships between Model, View and Controller (MVC)

~

The module pertaining to ‘Model’ computes the model gravity
anomalies, and performs the business logic of respective algorithm (either
automatic modeling or inversion as specified by user) to recover the

basement structure. The View’ module reads input parameters and shows
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the output subsequent to the analysis. The ‘Controller’ passes the

required actions to the model and view modules.

The advantage of the present code is that besides generating the
output in both ASCII and graphical forms, it also shows i) the changes in
depth structure, ii) fit between the observed and modeled gravity
anomalies, iii) changes in misfit, and iv) variation of density contrast with

depth against the iteration number in animated forms.

Upon execution, the view module of the code appears on the

monitor as shown in Figure 2.4.

Input Action
layout buttons

B M0oD2DSD - [5]x]
Area hame [ Prafiename [ Mumberafobsenations
Statian interval (k)  Elevtons (ki T Cbservedanomalies (mGal)
Surface density contrast (grmicc) —Lamhda(ﬂkm) T Mowaslesmor

Maximum Permissible depth k) | Mumberofiterations |

Load data | Wodeling | Inversion | Save and Print i Elear | Exit

AUTOMATIC GRAVITY MODELING OF 2-D SEDIMENTARY BASINS USING EXPONENTIAL DENSITY FUNCTION  [Distance. [Obsere. | Galcutat. [oepihgarErrorm

Figure 2.4 View module of MOD2DSD

The view module is structured into input layout, graphical layout

and ASCII layout (Figure 2.4). The input layout consists of eleven fields
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and six action buttons. The graphical layout, which serves as an interface
between the user and the software, is further divided into the anomaly
panel on top, structure panel in bottom, misfit panel and density-depth
panel in the right. The ASCII layout displays the interpreted results in

ASCII form.

The user enters the information pertaining to the area name, profile
name, number of observations, station interval (km), station elevations
(km), observed gravity anomalies (mGal), constants of exponential density
function namely Ap, (g/cm3) and A (km-!), allowable error, maximum
permissible depth and number of iterations to be performed in respective
fields in the input layout (Figure 2.4) and opts for either modeling or
inversion for the analysis. Alternatively, the user can enter and save the
input data in a Microsoft Office Excel sheet and invoke the same to the
software by means of ‘Load data’ action button (Figure 2.4). ‘Save and
Print’ action button enables the user to save the interpreted results and

allows for printing.

2.5 Applications

Reliability of automatic modeling and inversion techniques
discussed above is demonstrated by interpreting gravity anomalies due to
a synthetic model of a sedimentary basin using both EDF and UDF.
Further, interpreting the gravity anomalies over the San Jacinto graben,
California, shows the practical utility of modeling and inversion. In both

examples, the observer is on top of the topography at z; = O.
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2.5.1 Automatic modeling

(a) Synthetic example — interpretation of noisy gravity anomalies

Figure 2.5a shows 40 equispaced noisy gravity anomalies in the
interval x; € [0 km, 40 km] produced by a synthetic model of a
sedimentary basin, whose geometry is shown in Figure 2.5b. The
structure resembles to a typical block faulted intracratonic rift basin filled
with thick sectioned sediments. The anomalies of the structure are
generated assuming that the density contrast of sediments within the

basin decreases with depth according to equation (1.20) defined by Apy=

-0.45 g/cm? and A = 0.39 km-! (Figure 2.5c). In this case, pseudorandom
noise was Gaussian with zero mean and a standard deviation of 0.12
mGal. Further, the gravity profile runs transverse to the strike of the
basin and extends farther away to stations resting on the basement. The
anomaly shows asymmetric nature across the strike of the structure with
large gradient observed over the western margin of the basin (Figure 2.5a).
Negative gravity anomaly of the order of -26 mGal is observed at the 19th

km on the profile (Figure 2.5a) over the depocentre.

The observed anomalies are subjected to analysis using the
automatic modeling algorithm for which the software, MOD2DSD, had
performed 139 iterations before it got terminated. The misfit function
(equation 1.21) had reduced drastically from its initial value of 101.3 to
0.15 at the end of the 5th iteration and then progressively reached to

almost zero at the end of the 139t iteration (Figure 2.5d). The modeled
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Synthetic example - 2-D automatic modeling
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Figure 2.5 (a) Observed noisy gravity anomalies and modeled anomalies in case of EDF and UDF.
(b) Assumed and estimated depth structures by automatic modeling. The tonal variation from
yellow to red within structure indicates decrease in density contrast (absolute magnitude)
with depth in case of EDF. (c) Prescribed EDF. (d) Variation of misfit with iteration number.
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anomalies subsequent to interpretation (Figure 2.5a) closely mimic the
observed anomalies. Figure 2.5d shows the variation of misfit (log scale)
against the iteration number. By and large, the estimated structure
(Figure 2.5b) after the analysis closely matches with the assumed one over
the length of the profile except at the centre, where the estimated depth
modestly deviated from the assumed depth. The maximum error in the
depth between the assumed and estimated structure observed at the 19th
km is 3.8%, which is negligible considering the presence of pseudorandom

noise in the anomaly.

Furthermore, the same anomaly shown in Figure 2.5a is also
interpreted assuming uniform density contrast (-0.45 g/cm3) between the
sedimentary infill and the basement rocks. In this case, the algorithm had
performed 87 iterations before it got terminated as the misfit attained a
value of almost zero from its initial value of 56.3 (Figure 2.5d). The
modeled gravity anomaly and the inferred depth structure at the end of
the 87th iteration are shown in Figures 2.5a and 2.5b respectively. In this
case, the inferred structure is grossly underestimated to the tune of ~50%
(Figure 2.5b). The maximum thickness of the basin estimated from the

analysis is only 1.61 km against the assumed depth of 3.1 km.

Further, it can be noticed from Figure 2.5a that the modeled gravity
anomaly of the structure obtained with EDF and UDF equally fit the
observed anomaly, however, the inferred structure with EDF more or less

mimics the actual one while it is not so with UDF.
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Field example - 2-D automatic modeling
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Figure 2.6 (a) Observed and modeled gravity anomalies in case of EDF and UDF, San Jacinto graben,
California. Modeled gravity anomaly by Cordell (1973) is also shown. (b) Estimated depth structures
by automatic modeling. The description for color gradation from yellow to red within structure is
given in Figure 2.5b. Depth structure inferred by Cordell (1973) is also shown for comparison.

(c) Derived density contrast-depth data (Fett, 1968) and fitted EDF's (Cordell, 1973).

(d) Variation of misfit with iteration number.
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(b) Field example — San Jacinto graben, California

The San Jacinto graben is bounded by two parallel branches of the
San Jacinto fault, and has a northwesterly trend (Cordell, 1973). Country
rock is a basement complex of pre-Tertiary schist and gneiss together with
Cretaceous intrusive tonalities and granodiorites. Pliocene and Pleistocene
detrital sedimentary rocks and Pleistocene and Holocene alluvium fill the
graben, and the relatively lower density of this material accounts for the
observed negative gravity anomaly (Figure 2.6a). On the basis of seismic
refraction data, Fett (1968) determined the depth of the basement in the
center of the graben as 2.4 km. Cordell (1973) had used two EDFs based
on equation (1.20), one with Ap,= -0.55 g/cm?3 and 1 = 0.5 km-! and the
other with Ap, = -0.55 g/cm?3 and 1 = 1.0 km! (Figure 2.6¢) to describe the
density contrast-depth data of the graben (step line in Figure 2.6¢) derived
from seismic refraction surveys. He demonstrated that the use of the
former density model in the gravity analysis had yielded structural

solution that was consistent with seismically derived information.

For the present study, the digitized observed gravity data of the
graben is analyzed using both EDF and UDF following the principles of
automatic modeling. For such a modeling the algorithm had performed 16
iterations in case of EDF and 20 iterations in case of UDF (Figure 2.6d).
When EDF is used in modeling, the misfit showed a value of 252.8 for the
initial structure and got reduced to 3.88 at the end of the 6t iteration and

then gradually reached to a value of 2.6 (Figure 2.6d) at the end of the
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16th iteration. The algorithm got terminated after the 16t iteration as the

value of new misfit is more than its preceding value.

On the other hand, when UDF is used in modeling the misfit had
reduced from 190.7 for the starting model to 0.75 at the end of the 6tk
iteration and finally reached to a value of 0.17 (Figure 2.6d) at the end of
the 20th iteration. The new misfit beyond the 20th iteration attained a
value more than its preceding value and hence the algorithm got

terminated.

The modeled gravity anomaly in each case is shown in Figure 2.6a
and corresponding estimated depth structures in Figure 2.6b respectively.
It can be noticed from Figure 2.6a that the modeled gravity anomalies
realized by both EDF and UDF equally explain the observed anomaly. The
maximum depth to the basement obtained from the present method using
EDF is 2.61 km, which compares reasonably well with the estimated
depth of 2.44 km by Cordell (1973). On the other hand, the estimated
maximum depth of 1.35 km obtained from automatic modeling using UDF
is not consistent with known geologic information of the graben. The
interpreted anomaly and the inferred structure of the graben by Cordell

(1973) are also shown in Figures 2.6a and 2.6b for comparison.

2.5.2 Inversion

(a) Synthetic example — interpretation of noisy gravity anomalies

The validity of the proposed inversion scheme is demonstrated by

interpreting the noisy gravity anomalies shown in Figure 2.7a using both
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EDF and UDF. It is to be noted that the same anomaly is interpreted in
the previous section 2.4.1la by automatic modeling to decipher the

basement configuration.

In this case, the inversion algorithm of the software took 29
iterations before it got terminated as the resulting damping factor, J
(equation 1.26), attained an unusually large value (more than 12). The
misfit function, /, which attained a maximum value of 101.3 for the initial
model had reduced drastically to 0.005 at the end of the 3 iteration and
then reached to 1E-05 at the end of the 29t iteration (Figure 2.7c). The fit
between the observed and modeled gravity anomalies at the end of the
concluding iteration is satisfactory (Figure 2.7a). The estimated structure
subsequent to inversion is shown in Figure 2.7b along with the assumed
one. By and large, the algorithm had recovered the structure, however,
with a few exceptions in and around the depocentre (Figure 2.7b). A
maximum error of 3.7% between the assumed depth (2.6 km) and
estimated depth (2.698 km) is observed at the 20t km on the profile
(Figure 2.7b). Such an error is insignificant considering the presence of

noise in the residual signal of the structure.

The same anomaly when analyzed using UDF the algorithm had
performed only 6 iterations. In this case, the misfit had reduced from 69.5
for the starting model to 0.09 at the end of the 3rd iteration and finally
reached to a value less than the predefined allowable error (1E-06) at the

end of the 6t iteration (Figure 2.7c). The modeled gravity anomalies and
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Synthetic example - 2-D Inversion
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Figure 2.7 (a) Observed noisy gravity anomalies and modeled anomalies by inversion in case of EDF
and UDF. (b) Assumed and estimated depth structures by inversion. The description for tonal
variation from yellow to red within structure is given in Figure 2.5b. (c) Variation of misfit
with iteration number.
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the estimated depth structure subsequent to inversion are shown in
Figures 2.7a and 2.7b, respectively. The maximum thickness of the basin
estimated in this case is only 1.606 km. Although, the modeled gravity
anomalies with UDF showed good correlation with the observed anomalies
as in the case of EDF (Figure 2.7a), the inferred structure with UDF is

foully underestimated as much as 50% (Figure 2.7b).

(b) Field example — San Jacinto graben, California

Figure 2.8 shows the results of gravity interpretation of the San
Jacinto graben, California using EDF and UDF based on the principles of
inversion. The inversion algorithm took 35 iterations in case of EDF and
16 iterations in case of UDF respectively. The damping factor, o, attained
a large value subsequent to respective concluding iterations, which had
resulted in the termination of the algorithm. The variation of misfit with
iteration in each case is shown in Figure 2.8c. The modeled gravity
anomalies after the inversion in either case are shown in Figure 2.8a and
the corresponding estimated structures in Figure 2.8b, respectively. A
satisfactory fit between the observed and modeled gravity anomalies is
noticed in case of EDF, the same is also repeated with UDF. However, the
maximum thickness of the graben estimated from the inversion using
EDF is 2.59 km, which is consistent with seismically derived depth (Fett,
1968), whereas the use of UDF in the analysis had resulted 1.36 km for
the maximum thickness of the graben, which is not acceptable. The
modeled anomalies and corresponding estimated structure by Cordell

(1973) are also shown in Figure 2.8a and 2.8b for comparison.
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Field example - 2-D Inversion
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Figure 2.8 (a) Observed and modeled gravity anomalies by inversion using EDF and UDF, San
Jacinto graben, California. Modeled anomalies by Cordell (1973) are also shown. (b) Estimated
depth structures by inversion. The description of color gradation from yellow to red within the
structure is given in Figure 2.5b. Interpreted model by Cordell (1973) is also shown for
comparison. (c) Variation of misfit with iteration number.
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2.5 Results and Discussion

The fully automated 2-D automatic modeling and inversion of
gravity anomalies due to sedimentary basins on synthetic and field
examples yield highly reliable results. In the case of synthetic example,
modeling and inversion with EDF results the depth structure reasonably
similar to the assumed one even in the presence of pseudorandom noise,

whereas with UDF a distinct deviation in depth structure is noticed.

In modeling the field data of San Jacinto graben, California, using
EDF the estimated depth structure agrees well with the information
derived from seismic surveys. Further, the same field data of San Jacinto
graben when subjected to inversion using EDF yielded more or less
similar depth structure as that of automatic modeling. The inferred
structural models (from both automatic modeling and inversion) of the
graben using EDF and the one reported by Cordell (1973) showed more or
less similar morphological features over the shoulders of the graben
(Figures 2.6b and 2.8b). For e.g., all the three models divulge that the
graben is bounded by steeply dipping fault system towards southwest and
by gently dipping fault system towards northeast. However, the estimated
models of the graben from present analysis (by automatic modeling and
inversion) using EDF reveal progressive deepening of the basement
towards the southwest, which however was not repeated in Cordell’s
(1973) interpretation (Figures 2.6b and 2.8b). The basement configuration
derived from the present analysis appears to be more reliable than the one

proposed by Cordell (1973) because in all the cases the modeled gravity
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anomalies obtained with EDF showed remarkable correlation with the
observed anomalies (Figures 2.6a and 2.8a) than the ones realized by
Cordell (1973). On the other hand, when UDF is implemented in
automatic modeling and inversion, it had resulted in inaccurate depth

structures.
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Appendix 2.1 - MOD2DSD

"MOD2DSD : A GUI based JAVA code for gravity analysis of 2-D sedimentary basins with exponential
density function".

The system requirements to run the program are:-

Java Development Kit (jdk) 1.6 & above
RAM : 512 MB
Disk space : 70 MB

package com.mod2dsd.view;

import java.awt.*;

import java.awt.event.WindowAdapter;
import java.awt.event.WindowEvent;
import javax.swing.JFrame;

import javax.swing.JOptionPane;

public class MOD2DSD MainView extends Frame {
/**

*/

private static final long serialVersionUID = 1L;

public static void main(String s[])
{
MOD2DSD MainView cm = new MOD2DSD MainView () ;
cm.setSize (1280, 768);
cm.addWindowListener (new WindowAdapter () {
public void windowClosing (WindowEvent e) {
JFrame frame = null;
int r = JOptionPane.showConfirmDialog (
frame,
"Exit MOD2DSD ?",
"Confirm Exit ",
JOptionPane.YES NO OPTION) ;
if (r == JOptionPane.YES OPTION )
System.exit (0) ;
}
});
cm.setTitle ("MOD2DSD") ;
cm.setResizable (false);
cm.add (new MOD2DSD MainPanel());
cm.setVisible (true);

package com.mod2dsd.view;

import java.awt.*;

import java.io.File;

import java.io.IOException;
import java.util.HashMap;

import javax.swing.JFileChooser;

import jxl.Cell;

import jxl1.CellType;

import jxl.Sheet;

import jxl.Workbook;

import jxl.read.biff.BiffException;
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public class MOD2DSD MainPanel extends Panel {

/*‘k
*/

private static final long serialVersionUID = 1L;

Panel p North, p West;

public static Panel p East;
static Panel p South;

public static Panel p Center;

static TextField inputValues [] = new TextField[13];
public static TextArea img = new TextArea (36,140);
Button actionButton[] = new Button[6];

Object rowdatal]l[]l={};

/**Field Area Name*/

final static int AREA FE = 0;
/**Profile Name*/

final static int PROFILE NAME = 1;
/**Number of observations*/

final static int N OBS = 2 ;
/**Distance (km) */

final static int X KM = 3;
/**Elevations (km) */

final static int ELE KM = 4;
/**observed anomalies*/

final static int NOB GOB = 5;

/** Surface density contrast (gm/cc) */
final static int SD POLY = 6;

/**ALPHA (km) */

final static int ALPHA ST
/**Allowable Error*/
final static int AL ERR = 8;
/**Maximum Depth*/

final static int DEP_ZMAX
/**Number of iteration values*/
final static int NOB ITER = 10;
public MOD2DSD MainPanel () {

I
~J
~

I
<]
~.

this.setLayout (new BorderLayout());
p North = new Panel();

p West = new Panel();

p East = new Panel ();
p_South = new Panel ()

p Center = new Panel () ;

’

Label graphlabel = new Label ("AUTOMATIC GRAVITY MODELING OF 2-D SEDIMENTARY BASINS USING
EXPONENTIAL DENSITY FUNCTION", Label.CENTER);

graphlLabel.setFont (new Font ("Arial", 10, 18));

p_Center.add (graphLabel) ;

for(int i = 0; i < 12; i++){

inputValues[i] = new TextField();
}
actionButton[0] = new Button ("Load data™);
actionButton[l] = new Button ("Modeling");
actionButton[2] = new Button ("Inversion');
actionButton[3] = new Button ("Save and Print");
actionButton([4] = new Button("Clear");
actionButton[5] = new Button ("Exit");

this.populateNorthPanel () ;
MODZDSD_TableData.populateEastPanel(rowdata);
this.add(p North, BorderLayout.NORTH) ;
p_Center.setSize (1000, 760);
this.add(p_Center, BorderLayout.CENTER);
img.setEditable (false);
p Center.add (img) ;
this.add(p_East, BorderLayout.EAST);
this.setVisible (true);

}

public void populateNorthPanel () {
p_North.setLayout (new GridLayout(5,6));
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add
add
add
add
add
add
add
add
add
add
add
add
add
add
add
add
add
add
add
add
add
add

p North.
p_North.
p North.
p North.
p North.
p_North.
p North.
p North.
p North.
p_North.
p North.
p North.
p North.
p_North.
p North.
p North.
p North.
p_North.
p North.
p North.
p North.
p_North.

add
add
add
add
add
add
add
add

p North.
p_North.
p North.
p North.
p North.
p_North.
p North.
p North.

actionButton
actionButton
actionButton
actionButton
actionButton
actionButton

}

0].
17.
27.
37.
47.
57.

new Label ("")
new Label ("")
actionButton
actionButton
actionButton
actionButton
actionButton
actionButton

addActionListener
addActionListener
addActionListener
addActionListener
addActionListener
addActionListener

new Label ("Area Name"));
inputvValues[0]);

new Label ("Profile Name"));
inputValues([1]);

new Label ("Number of observations"));
inputValues([2]);

new Label ("Station interval
inputValues([3]);

new Label ("Elevations
inputValues[4]);

new Label ("Observed anomalies
inputValues([5]);

new Label ("Surface density contrast
inputValues([6]) ;
new Label ("Lambda
inputvValues([7]);
new Label ("Allowable error"));
inputValues([8]) ;

new Label ("Maximum Permissible depth
inputvValues([9]);

new Label ("Number of iterations")):;
inputValues[10]) ;

(km) ™)) ;
(km) ™)) ;

(mGal)"™));

(L/km) ™)) ;

(km) ™))

control
control
control
control
control
control

com.mod2dsd.
com.mod2dsd.
com.mod2dsd.
com.mod2dsd.
com.mod2dsd.
com.mod2dsd.

new
new
new

(
(
(
(
(
(

public static HashMap captureValues () {

HashMap h Map

try {
h Map.put ("N OBS",
h Map.
h Map.
h Map.put ("X KM",
h Map.put ("ELE KM",
h Map.put
h Map.put ("AL ERR",
h Map.put ("DEP ZMAX",
h Map.put ("NOB ITER",
h Map.
h Map.
}
catch (Exception e) {

new HashMap () ;

put "SB_POLY", inputValues[SD POLY].getText())
put ("ALPHA ST",inputValues [ALPHA ST].getText ()

(

(

(

(

( _ _
("NOB GOB", inputValues[NOB GOB].getText ()):;
(

(

(

(

(

inputValues[N OBS].getText());

)
inputValues[X KM].getText());
inputValues[ELE KM].getText ());

inputValues [AL ERR].getText());
inputValues [DEP ZMAX] .getText ())
inputValues [NOB ITER].getText ())

put "AREX_FE",inputValues[AREA_?E].getText());
put "PROFILEiNAME",inputValues[PROFILE_NAME].getText());

e.printStackTrace();

}

return h Map;

}

public static void clearPanel (TextArea p) {

Graphics g

g.fillRect (0,

p.getGraphics () ;
g.setColor (Color.WHITE) ;

0,

1280,

650) ;
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.MOD2DSD Control
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public static void loadData()throws IOException {

try{
String current = System.getProperty("user.dir");
JFileChooser chooser=new JFileChooser (current);
int returnvVal = chooser.showOpenDialog(null) ;
String ele[],gobs[];
String eleval="",gobsval="";

Workbook w;

if (returnVal == JFileChooser.APPROVE OPTION) ({
chooser.getSelectedFile () ;

w = Workbook.getWorkbook (f) ;

Sheet sheet =
ele = new String[sheet.getRows ()+1];
gobs = new String[sheet.getRows()+1];

File f =

for (int j = 0;

for

getContents());

ext (cell.getContents());

l.getContents());

.getContents());

ell.getContents());

cell.getContents());

(int i

w.getSheet (0) ;

j < sheet.getColumns(); J++) {

= 1; 1 < sheet.getRows(); i++) {

Cell cell = sheet.getCell(j, 1);
CellType type = cell.getType();
if (type == CellType.LABEL) {

//
//

"

System.out.println ("I got a label
+ cell.getContents());

MOD2DSD MainPanel.inputValues[MOD2DSD MainPanel.AREA FE].setText (cell.

}

if (type == CellType.NUMBER) {

if

if

if

if

if

if

(3==1){

MOD2DSD MainPanel.inputValues[MOD2DSD MainPanel.PROFILE NAME].setT

MOD2DSD MainPanel.inputValues[MOD2DSD MainPanel.N OBS].setText (cel

(3==3) {
MOD2DSD MainPanel.inputValues[MOD2DSD MainPanel.X KM].setText (cell

(3==4) {

ele[i] = cell.getContents()+",";
eleval = eleval+ele[i];

(3==5) {

gobs[i] = cell.getContents()+",";

gobsval = gobsval+gobs[i];

(3==6){

MOD2DSD MainPanel.inputValues [MOD2DSD MainPanel.SD POLY].setText (c

MOD2DSD_MainPanel.inputValues [MOD2DSD MainPanel.AL ERR].setText (ce
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11l.getContents());
}
if (3==9){
MOD2DSD_MainPanel.inputValues[MOD2DSD MainPanel.DEP ZMAX] .setText (
cell.getContents());

}
if (3==10) {
MOD2DSD MainPanel.inputValues[MOD2DSD MainPanel.NOB ITER].setText (
cell.getContents());

}

//System.out.println ("I got a number "
// + cell.getContents());

MOD2DSD MainPanel.inputValues [MOD2DSD MainPanel.ELE KM].setText (""+eleval);
MOD2DSD MainPanel.inputValues[MOD2DSD MainPanel.NOB GOB] .setText (""+gobsval) ;

}

}

catch (BiffException e) {
e.printStackTrace ()

} catch (Exception e) {
// TODO Auto-generated catch block
e.printStackTrace () ;

’

}

public static void clearDefaultValues () {

inputValues [N OBS].setText ("");
inputValues [SD_ POLY].setText ("");

inputValues [ALPHA ST].setText ("");
inputValues[X KM].setText ("");
inputValues [ELE KM] .setText ("");
inputValues [NOB GOB].setText ("");
inputValues [AL ERR].setText ("");
inputValues [DEP ZMAX].setText ("");
inputValues [NOB ITER].setText ("");
inputValues[AREA FE].setText ("");
inputValues [PROFILE NAME].setText ("");

package com.mod2dsd.view;

import java.applet.Applet;

import java.awt.*;

import java.awt.geom.Line2D;
import java.awt.geom.Rectangle2D;
import java.text.DecimalFormat;

import com.mod2dsd.model.MOD2DSD CalculateValues;
import com.mod2dsd.util.MOD2DSD Utility;

public class MOD2DSD Graph extends Applet {

/**
*
*/
private static final long serialVersionUID = 1L;
float maxX,max¥Y,diff;
float maxz;
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double obs[];:
public void drawGraph (Graphics2D g2) {

g2.setFont (new Font ("Arial™, 20, 12));
g2.setColor (Color.BLACK) ;

g2.drawLine (70, 35, 1040, 35);

g2.drawString ("DISTANCE (km)", 385, 315);

String []a:{ "A", "N", "O", "M", "A", "L", "Y", n (m", "G", "a", "l", "S) n };
Strlng []b={HDH, "E", HPH, "Tll, HHH, ll(k", llm) H};

for (int 1 = 0; i < a.length; i++) {

g2.drawString(""+afli], 120, 20 + 60 + ( 1 * 20 ) );

}
for (int 1 = 0; i < b.length; i++) {

g2.drawString (""+b[i], 120, 20 + 350 + (i * 20 ) );

/**Plotting Axis Values*/
public void plot (Graphics2D qg)
{
g.setColor (Color.black);
maxX = (float) MOD2DSD Utility.findMaximumNumberl (MOD2DSD CalculateValues.x);
maxY = MOD2DSD Utility.findMaximumNumber (MOD2DSD CalculateValues.input nob gob);
double inidep = MOD2DSD Utility.findMaximumNumberl (MOD2DSD CalculateValues.o dep);
maxZ = (float) inidep;
diff (float) ( MOD2DSD CalculateValues.input ddx km / 2);
diff = (float) (450 * diff / maxX);
g.draw (new Line2D.Float (200-diff, 70,200-diff , 550 + 20));
DecimalFormat df = new DecimalFormat ("O0.#");
.draw (new Line2D.Float (200, 320, 650, 320 ));
.drawString ("0",194-diff,80);
.drawString (""+ (int)maxY ,165-diff,320);
.drawString ("0", 175,330);
.drawString (" |", 650, 318);
.drawString (""+df.format (MOD2DSD CalculateValues.x[MOD2DSD CalculateValues.input n obs]),
650,305) ;
float points = maxX/5;
int yInterval=50;
int zInterval=50;
float xInterval=(float)
(MOD2DSD_CalculateValues.x[MOD2DSD CalculateValues.input n obs]/5);
float xplot=0;

[(optetotoTo o]

for (float x = xInterval, J =1; x < 600; x+=xInterval)
{
xplot=xplot+xInterval;
if (3>4)
break;
g.drawString (" |", (float) (200+(450*x/maxX)), 318);
g.drawString ("" + df.format (xplot), (float) (200+(450*x/maxX))-3, 305);
J++;
}

points = maxY/5;

for (int x = yInterval, j =1; x < 250; x+=ylInterval)

{
g.drawString("-",196-diff, 50+x+20) ;
g.drawString ("" + (int) (points*j), 165-diff,50+x+20);
J++;

}

float point =maxZ/5 ;

for(int x = zInterval+250,3 =1; x < 550; x+=zInterval)

{
g.drawString("-",196-diff, 50+x+20) ;
g.drawString ("" +df.format (point*j),165-diff, 50+x+20);
J++5
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public void plotXYCoordinates (Graphics2D g2)
{
float prevx = 200;
float prevy = (float) ( 50 + 20 + ( 250 * MOD2DSD CalculateValues.o GC[1l] / maxY¥ ) );
float xpoint = 0;
float ypoint = 0;
float gypoint = 0;

for (int k = 1; k <= MOD2DSD CalculateValues.input n obs; k++) {

xpoint = (float) ( 450 * MOD2DSD CalculateValues.x[k] / maxX);
ypoint = (float) ( ( 250 * MOD2DSD CalculateValues.o GC[k] / maxY ) );
gypoint = (float) ( (250 * MOD2DSD CalculateValues.input nob gob[k] / maxyY ) );

g2.setFont (new Font ("Arial™, 20, 20));

g2.setColor (Color.BLACK) ;

g2.draw (new Line2D.Float (prevx, prevy, 200 + xpoint, 50 + ypoint + 20 ));
g2.setColor (Color.BLUE) ;

g2.setFont (new Font ("Arial™, 20, 40));

g2.drawString(".", 200 + xpoint -6 , 50 + gypoint + 23);

prevx = 200 + xpoint;
prevy = 50 + ypoint + 20;

public void plotPOS (Graphics2D g) {

g.setFont (new Font ("Arial™, 20, 12));
g.setColor (Color.black);

maxX = (float) MOD2DSD Utility.findMaximumNumberl (MOD2DSD CalculateValues.x);
diff = (float) ( MOD2DSD CalculateValues.input ddx km / 2);
diff = (float) (450 * diff / maxX);

g.draw (new Line2D.Float (200-diff, 35,200-diff , 550 + 20));

double inidep = MOD2DSD Utility.findMaximumNumberl (MOD2DSD CalculateValues.o dep);
double pos[] = new double[MOD2DSD CalculateValues.input n obs];

double neg[] = new double[MOD2DSD CalculateValues.input n obs];

int m=1,n = 1;

for (int k = 1; k <= MOD2DSD CalculateValues.input n obs; k++) {

if (MOD2DSD CalculateValues.input nob gob[k]>0) {

pos[m] = MOD2DSD CalculateValues.input nob gob[k];
m=m+1;

}

else{
neg[n] = MOD2DSD CalculateValues.input nob gob[k];
n=n+1;

}

maxY = MOD2DSD Utility.findMaximumNumber (neg);

double maxYl = (float) MOD2DSD Utility.findMaximumNumberl (pos) ;

maxZ = (float) inidep;

DecimalFormat df = new DecimalFormat ("O0.#");

g.drawString("0",170-diff, 80);

g.drawString("0", 170-diff,330);

g.drawString("|", 650, 318);

g.drawString (""+df.format (MOD2DSD CalculateValues.x[MOD2DSD CalculateValues.input n obs])
,650 ,305);

int zInterval=50;
float xInterval=(float)
(MOD2DSD CalculateValues.x[MOD2DSD CalculateValues.input n obs]/5);
float xplot=0;
for (float x = xInterval, j =1; x < 600; x+=xInterval)
{
xplot=xplot+xInterval;
if(3>4)
break;
g.drawString ("|", (float) (200+(450*x/maxX)), 318);
g.drawString ("" + df.format (xplot), (float) (200+(450*x/maxX))-3, 305);
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}

g.drawString (""+df.format (max¥1l),165-diff, 45);

float point =maxZ/5 ;

for(int x = zInterval+250,3j =1; x < 550; x+=zInterval)

{
g.drawString ("-",196-diff, 50+x+20) ;
g.drawString ("" +df.format (point*j),165-diff, 50+x+20);
J++;

public void plotXYCoordinatesPos (Graphics2D g2) {

float points = maxY/5;

int yInterval = 50;

g2.drawString (""+ (int)maxY ,165-diff,320);

for (int x = yInterval, j =1; x < 250; x+=yInterval)
{

g2.drawString ("-",196-diff, 50+x+20) ;
g2.drawString ("" + (int) (points*j), 165-diff,50+x+20);
Jt+;
}
double pos[] = new double[MOD2DSD CalculateValues.input n obs];

[
double neg[] = new double[MOD2DSD CalculateValues.input n obs];
int m=1,n = 1;

for (int k = 1; k <=MOD2DSD CalculateValues.input n obs; k++) {

if (MOD2DSD CalculateValues.input nob gob[k]>0) {

pos[m] = MOD2DSD CalculateValues.input nob gobl[k];
m=m+1;
}
else{
neg[n] = MOD2DSD CalculateValues.input nob gob[k];
n=n+1;
}
}
double maxYl = (float) MOD2DSD Utility.findMaximumNumberl (pos) ;

float prevx = 200;
float prevy 0;
float xpoint = 0;
float ypoint = 0
float gypoint = 0;

if (MOD2DSD CalculateValues.o GC[1] < 0){

’

prevy = 70 + (float) ( ( 250 * (MOD2DSD_CalculateValues.input nob gob[1l]) / maxY ) );
}
else{

prevy = 70 - (float) ( ( 35 * (MOD2DSD CalculateValues.input nob gob[l]) / max¥l ) );

}

for (int k

1; k <= MOD2DSD CalculateValues.input n obs; k++) {
xpoint = (float) ( 450 * MOD2DSD CalculateValues.x[k] / maxX);
if (MOD2DSD CalculateValues.input nob gob[k] < 0){
gypoint = 70 + (float) ( (250 * MOD2DSD CalculateValues.input nob gob[k] / maxY )

}

else{
gypoint = 70 -(float) ( (35 * MOD2DSD CalculateValues.input nob gob[k] / maxY¥l )
}
if (MOD2DSD CalculateValues.o GC[k] < 0){
ypoint = 70 + (float) ( ( 250 * (MOD2DSD CalculateValues.o GC[k]) / max¥ ) );
}
else{
ypoint = 70 - (float) ( ( 35 * (MOD2DSD CalculateValues.o GC[k]) / maxYl ) );
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g2.setFont (new Font ("Arial", 20, 20));

g2.setColor (Color.BLACK) ;

g2.draw (new Line2D.Float (prevx, prevy, 200 + xpoint, ypoint ));
g2.setColor (Color.BLUE) ;

g2.setFont (new Font ("Arial", 20, 40));

g2.drawString(".", 200 + xpoint -6 , gypoint +3);

prevx = 200 + xpoint;
prevy = ypoint ;

public void plotZCoordinates (Graphics2D g2) {

g2.setFont (new Font ("Arial", 20, 12));
float xpoint = 0;
float xpointl = 0;
float zpoint = 0;
diff = (float) ( MOD2DSD CalculateValues.input ddx km / 2):
diff (float) (450 * diff / maxX);
maxY = MOD2DSD Utility.findMaximumNumber (MOD2DSD CalculateValues.input nob gob);
g2.setColor (Color.RED);
g2.fill (new Rectangle2D.Float (200-diff, 321, 450+diff+diff , 250 ));
Color col[] =
{Color.YELLOW, Color.PINK,Color.ORANGE, Color.PINK,Color.YELLOW,Color.ORANGE, Color .WHITE,Col
or.PINK,Color.YELLOW,Color.ORANGE,Color .WHITE};
Color coll[] =
{Color.MAGENTA, Color.GREEN,Color.BLUE, Color.BLUE,Color.CYAN,Color.BLUE,Color.GREEN,Color.C
YAN, Color.GREEN,Color.DARK GRAY,Color.MAGENTA} ;
for (int i1 = 0; 1 <1 ; i++){

for (int k = 1; k <= MOD2DSD CalculateValues.input n obs; k++) {

1f(i>11) {
col[i] = Color.YELLOW;
coll[i] = Color.MAGENTA;
}
diff = (float) ( MOD2DSD CalculateValues.input ddx km / 2);
diff = (float) (450 * diff / maxX);
xpoint = (float) (450 * MOD2DSD CalculateValues.x[k] / maxX) ;
if (k== 1){
GradientPaint gradient = new GradientPaint (10, 10, Color.YELLOW, 30, 200,
Color .MAGENTA, true);
g2.setPaint (gradient) ;
zpoint =(float) (250 * MOD2DSD CalculateValues.o deplk] / maxZ);
g2.fill (new Rectangle2D.Float (200-diff, 320,diff+diff, zpoint ));
}
else{
if (k<MOD2DSD CalculateValues.input n obs) {
xpointl = (float) (450 * MOD2DSD CalculateValues.x[k+1] / maxX) ;
}
zpoint =(float) (250 * MOD2DSD CalculateValues.o dep[k] / maxZ);

GradientPaint gradient = new GradientPaint (10, 10, col[i], 30, 200, collf[i],
true) ;

g2.setPaint (gradient) ;

g2.£fill (new Rectangle2D.Float (200+xpoint-diff ,320,xpointl-xpoint, zpoint ));
}
if (k==MOD2DSD CalculateValues.input n obs) {

zpoint =(float) (250 * MOD2DSD CalculateValues.o dep[k]/ maxZ);

g2.fill (new Rectangle2D.Float (200+xpoint-diff, 320,diff+diff, zpoint ));

}

g2.setColor (Color.BLACK) ;
g2.draw (new Line2D.Float (200-diff, 320, 650+diff, 320 ));

public void plotZCoordinatesele (Graphics2D g2) {

g2.setFont (new Font ("Arial™, 20, 12));
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DecimalFormat f = new DecimalFormat ("0.#");

float maxEle = (float)

MOD2DSD Utility.findMaximumNumberl (MOD2DSD CalculateValues.input ele km);
maxEle = Math.abs (maxEle) ;

float xpoint = 0;

float prevx = 200;

float elepoint[] = new float[MOD2DSD CalculateValues.input n obs+1];
float preelepoint[] = new float[MOD2DSD CalculateValues.input n obs+1];
float dis[] = new float[MOD2DSD CalculateValues.input n obs+1];

float predis[] = new float[MOD2DSD CalculateValues.input n obs+1];

float preele = 320 - (float) ( ( 25 * Math.abs (MOD2DSD CalculateValues.input ele km[1]) /
maxEle ) );

float xpointl = 0;

float zpoint = 0;

g2.setColor (Color.RED);

g2.fill (new Rectangle2D.Float (200-diff, 295, 450+diff+diff , 275 ));
Color col = Color.YELLOW;

Color coll = Color.MAGENTA;

for (int k = 1; k <= MOD2DSD CalculateValues.input n obs; k++) {

diff = (float) ( MOD2DSD CalculateValues.input ddx km / 2);
diff = (float) (450 * diff / maxX);
xpoint = (float) (450 * MOD2DSD CalculateValues.x[k] / maxX) ;

if (k== 1){
GradientPaint gradient = new GradientPaint (10, 10, col, 30, 190, coll, true);
g2.setPaint (gradient) ;
zpoint =(float) (275 * MOD2DSD CalculateValues.o deplk] / maxZ);
g2.fill (new Rectangle2D.Float (200-diff, 295,diff+diff, zpoint ));
}
else{
if (k<MOD2DSD CalculateValues.input n obs) {
xpointl = (float) (450 * MOD2DSD CalculateValues.x[k+1l] / maxX);
}
zpoint =(float) (275 * MOD2DSD CalculateValues.o dep[k] / maxZ);
GradientPaint gradient = new GradientPaint (10, 10, col, 30, 190, coll, true);
g2.setPaint (gradient) ;
g2.fill (new Rectangle2D.Float (200+xpoint-diff ,295,xpointl-xpoint,zpoint ));
}
if (k==MOD2DSD CalculateValues.input n obs) {
zpoint =(float) (275 * MOD2DSD_CalculateValues.o_dep[k]/ maxz) ;
g2.fill (new Rectangle2D.Float (150+xpoint-diff, 295,diff+diff, zpoint ));

for (int k = 1; k <= MOD2DSD CalculateValues.input n obs; k++) {
g2.setColor (Color.BLACK) ;
xpoint = (float) (450 * MOD2DSD CalculateValues.x[k] / maxX);
dis[k] = xpoint;
elepoint[k] = 320 - (float) (25 * Math.abs (MOD2DSD CalculateValues.input ele km[k]) /
maxEle) ;
preelepoint [k]= preele;
predis[k]= prevx;
g2.draw (new Line2D.Float (prevx, preele, (float)200 + xpoint, elepoint([k]));
prevx = 200+xpoint;
preele = elepoint[k];
}
for(float i1 = (float)l.0; i<=25;){
for (int k = 1; k <= MOD2DSD CalculateValues.input n obs; k++) {
g2.setColor (Color.WHITE) ;
g2.draw (new Line2D.Float (predis[k]-diff, preelepoint[k]-1i, (float)200+dis[k]+diff,
elepoint[k]-1i));
}
i=(float) (i+0.5);

}
g2.setColor (Color.BLACK) ;

float xInterval=(float)
(MOD2DSD_CalculateValues.x[MOD2DSD CalculateValues.input n obs]/5);
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float xplot=0;

for (float x = xInterval, J =1; x < 600; x+=xInterval)

{
xplot=xplot+xInterval;

if(3>4)
break;
g2.drawString (" |", (float) (200+ (450*x/maxX)), 318);
g2.drawString ("" + f.format (xplot), (float) (200+(450*x/maxX))-3, 305);
J++;

}

g2.drawString("|", 650, 318);

g2.drawString (""+f.format (MOD2DSD CalculateValues.x[MOD2DSD CalculateValues.input n obs])
,650 ,305);

g2.setColor (Color.BLACK) ;

g2.drawString ("DISTANCE (km) ", 385, 315);

public void drawOBJ (Graphics2D g2) {

g2.setFont (new Font ("Arial", 20, 12));
g2.setColor (Color.BLACK) ;

g2.drawLine (850, 35, 850, 580);
g2.drawLine (70, 580, 1040, 580);
g2.drawLine (1040, 35, 1040, 580);
g2.drawLine (70, 35, 70, 580);

g2.drawLine (890, 70, 890, 160);
g2.drawLine (890, 160, 980, 160);
g2.drawString("J", 870, 90);

double maxOb = MOD2DSD Utility.findMaximumNumberl (MOD2DSD CalculateValues.o funct);
int ini = MOD2DSD Utility.findMaximumNumber (MOD2DSD CalculateValues.o iter);
if (ini == 5)

ini = ini + 1;
int maxiter = ( ini / 3 * 5 ) * 2;
int point;
int xInterval = 22;
point = ( ( ini ) / 3 * 5 ) / 5;
for (int x = xInterval, j = 1; x < 90 ; x += xInterval) {
1f(ini>1000) {
g2.drawString("'", 891 + x, 170);
g2.drawString("" + (point * j), 890 + x-20 +(5*3) , 175);
}
else{
g2.drawString("'", 891 + x, 170);
g2.drawString("" + (point * j), 890 + x - 3, 175);
}
J++;

}

float prevx 890;

float prevy = 70;

float xpoint = 0;

float ypoint = 0;

DecimalFormat dl= new DecimalFormat ("O.####4+");

for (int i = 1; i <= MOD2DSD CalculateValues.o iter; i++) {

xpoint = (float) ( 250 * i / maxiter );
ypoint = 70 + (float) - ( ( 90 * (MOD2DSD CalculateValues.o funct([i]) / maxOb ) );
if (1 == MOD2DSD CalculateValues.o iter) {

g2.draw (new Line2D.Float (prevx, prevy, 890 + xpoint - 4, 90 + ypoint));
}
else {
g2.draw(new Line2D.Float (prevx, prevy, 890 + xpoint, 90 + ypoint));
}
prevx = 890 + xpoint;
prevy = 90 + ypoint;

}

DecimalFormat d= new DecimalFormat ("O0.#");

g2.drawString (" "+d.format (MOD2DSD CalculateValues.o funct[1]), 850, 70);
g2.drawString ("

"+dl.format (MOD2DSD CalculateValues.o funct[MOD2DSD CalculateValues.o iter]), 890 +
xpoint, 90 + ypoint); 70



’

g2.setFont (new Font ("Arial™, 40,11));
g2.drawString ("Iterations",920,186)

public void drawSd(Graphics2D g2) {
g2.setColor (Color.black);
g2.drawLine (850, 200, 1040, 200);
g2.setColor (Color.red);
g2.setFont (new Font ("Arial"™, 20, 12));
DecimalFormat d= new DecimalFormat ("O0.#");
DecimalFormat dl= new DecimalFormat ("O.###");
double inidep = MOD2DSD Utility .findMaximumNumberl (MOD2DSD CalculateValues.o dep);
g2.draw (new Line2D.Float (890, 320, 890, (float) (320+ (250*inidep/maxZz)))):;
g2.drawString (""+d.format (inidep), 870, (float) (320+ 250*inidep/maxz)) ;
g2.drawString ("-",890, (float) (320+ 250*inidep/maxz)+2) ;
g2.drawString("0",877 ,320);
g2.drawLine (890, 320, 980, 320);
double maxObl = MOD2DSD Utility.findMaximumNumberl (MOD2DSD CalculateValues.vsd);
DecimalFormat df = new DecimalFormat ("O0.#");
float points =maxz/5 ;
int zInterval=50;
for(int x = zInterval+250,j =1; x < 550; x+=zInterval)

{

if (§>4)
break;
g2.drawString ("-",890,50+x+22) ;
g2.drawString("" +df.format (points*j),870,50+x+20) ;
J++s
}
float prevx = 890+ (float) ( ( 90 * ( Math.abs(MOD2DSD CalculateValues.vsd[l] )) / maxObl

) )i

float prevy 320;
float xpoint = 0;
float ypoint = 0;

for (int i = 1; i <= MOD2DSD CalculateValues.count; i++) {
xpoint (float) ( 90 * Math.abs (MOD2DSD CalculateValues.vsd[i]) / maxObl );
ypoint = (float) ( 250 * MOD2DSD CalculateValues.dep[i] / maxZ );
g2.setColor (Color.blue);
g2.draw(new Line2D.Float (prevx, prevy, 890 + xpoint, 320 + ypoint));
prevx = 890 + xpoint;
prevy = 320 + ypoint;

}
g2.drawString (""+d.format (MOD2DSD CalculateValues.vsd[1l] ),875+ (float) ( ( 90 * (

Math.abs (MOD2DSD CalculateValues.vsd[1l] )) / maxObl ) ) ,320 );

g2.drawString (""+dl.format (MOD2DSD CalculateValues.vsd[MOD2DSD CalculateValues.count]
), 890+ (float) ( ( 90 * (

Math.abs (MOD2DSD CalculateValues.vsd[MOD2DSD CalculateValues.count] )) / maxObl ) ),

320+ (float) ( 250 * inidep / maxZ ) );

g2.setFont (new Font ("Arial™, 40,11));

g2.drawString ("Density contrast'",900,285);

g2.drawString (" (gm/cc)",913,295);

g2.drawString ("7 (km)", 860, (float) ( 320+ ((250*inidep/maxz))/2));
}

public void idex (Graphics2D g)

{

.setColor (Color.BLUE) ;

.setFont (new Font ("Arial", 20, 50));
.drawString (" ... ",665,70);

.setFont (new Font ("Arial", 20, 12));
.drawString ("Observed anomalies",720,70);
.setColor (Color.BLACK) ;

.drawString (" :",685,87);
.drawString("Calculated anomalies",720,90);
.setColor (Color.black);

GradientPaint gradient = new GradientPaint (10, 10, Color.yellow, 30, 50, Color.MAGENTA,
true);

g.setPaint (gradient) ;

g.fillRect (685, 100, 35, 10);

g

g

[(otejtotoTo oo R\o o)

.setColor (Color.BLACK) ;
.drawString (": Estimated Depth", 720, 110);
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g.drawString("Structure", 730, 130);
g.drawLine (675, 55, 850, 55) ;

g.drawLine (675, 55, 675, 135) ;
g.drawLine (675, 135, 850, 135) ;

package com.mod2dsd.view;
import java.awt.*;

import javax.swing.JScrollPane;
import javax.swing.JTable;

public class MOD2DSD TableData extends Panel({

/**
*
*/
private static final long serialVersionUID = 1L;
public static void populateEastPanel (Object rowDatal][]) {
com.mod2dsd.view.MOD2DSD MainPanel.p East.removeAll();
Object columnNames[] = {"Distance(km)", "Observed anamolies (mGal)", "Calculated anamolies

(mGal)"™, "Depth (km)","Error (mGal)"};

JTable table = new JTable (rowData, columnNames) ;
table.setPreferredScrollableViewportSize (new Dimension(300,550));
JScrollPane scrollPane = new JScrollPane (table);
scrollPane.setAutoscrolls (true) ;
com.mod2dsd.view.MOD2DSD MainPanel.p East.add(scrollPane);
com.mod2dsd.view.MOD2DSD MainPanel.p East.validate();
com.mod2dsd.view.MOD2DSD MainPanel.p East.setVisible(true);

package com.mod2dsd.model;

import java.awt.*;

import java.awt.event.*;

import java.awt.image.BufferedImage;
import java.io.File;

import java.io.FileOutputStream;
import java.text.DecimalFormat;
import java.util.HashMap;

import javax.imageio.ImageIO;

import com.mod2dsd.util.MOD2DSD Utility;
import com.mod2dsd.view.MOD2DSD MainPanel;

public class MOD2DSD CalculateValues {

public static int input n obs = 0;
public static double input ddx km;
public static double []input nob gob ;
double input sd poly=0;

double input alambda=0;

int input nob iter =0;

double input al err = 0 ,input zmax km =0, input zmin km=0;
double functl;

public static double []1x;

public static double []input ele km;
public static Object obj[][] = null;
public static double []vsd ;

public static double []dep ;

public static double []err ;

public static double []Jo GC ;

public static double []Jo _dep ;

public static double []Jo_ funct ;
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static BufferedImage image;

public static int o iter,count;

public static String input area name="";
public static String input profile name="";
double PI = 22.0 / 7.0;

double GK = 13.3333;

public void getAnamolyValues (HashMap h Map) {
try f

input n obs = MOD2DSD Utility.convertInteger ((String)h Map.get ("N OBS"));

input ddx km = MOD2DSD Utility.convertDouble ((String)h Map.get ("X KM"));

input ele km = MOD2DSD Utility.convertDoubleArray((String)h Map.get ("ELE KM"));
input nob_ gob MOD2DSD Utility.convertDoubleArray ((String)h Map.get ("NOB GOB")) ;
input sd poly = MOD2DSD Utility.convertDouble ((String)h Map.get ("SD POLY"));
input alambda MOD2DSD Utility.convertDouble ((String)h Map.get ("ALPHA ST"));
input al err = MOD2DSD Utility.convertDouble ((String)h Map.get ("AL ERR"));

input zmax km = MOD2DSD Utility.convertDouble ((String)h Map.get ("DEP ZMAX"));
input nob iter = MOD2DSD Utility.convertInteger ((String)h Map.get ("NOB ITER"));
input area name = MOD2DSD Utility.convertString((String)h Map.get ("AREA FE"));
input profile name = MOD2DSD Utility.convertString((String)h Map.get ("PROFILE NAME")) ;

}
catch (Exception e) {
e.printStackTrace () ;
}
}

public void getForCal () {
0 GC = new double[input n obs+1];
o _dep = new double[input n obs+1];
x = new double[input n obs+1];
o funct = new double[input nob iter+1];
input zmin km=0;
err = new double[input n obs+1];
double dcz[] = new double[input n obs+1];

for (int KL=1; KL<= input n obs; KL++) {
x[KL] = (KL-1) * input ddx km;

}

double T=(x[2]1-x[1]1)/2.0;

for (int KK=1 ;KK <= input n obs;KK++) {
if (input alambda==0) {

o_deE[KK] = input_nob_gob[KK]/(GK*PI*input_sd_poly) ;
}
else{
o dep[KK] = (1 / input alambda) * Math.log(l + ((input alambda *

input_nob_gob[KK]Y / (GK * PI * input_gd_poly)));
}

}
getGbasin (input n obs,x,input ele km,o dep,input sd poly,input alambda, input ddx km,T,o GC
)

functl1=0;
for(int K=1 ;K<=input n obs;K++) {
err[K] = input nob gob[K]-o GCI[K];

functl=functl+Math.pow ((input nob gob[K]-o GC[K]),2);
}

for (int iter=1 ; iter<=input nob iter;iter++) {
setGraphValues (input n obs,iter, x, input nob gob, o GC,o dep,

functl,err,input_area_name);
for (int KK=1;KK<=input n obs;KK++) {

err [KK] = input nob gob[KK]-o GCI[KK];

if (input_alambda==0) {
o _dep[KK] = o_dep[KK]+(err[KK]/(GK*PI*input_sd_poly));

}

else{
dcz [KK] = (input sd poly * Math.exp(input alambda * o dep[KK]));
o dep[KK] = o dep[KK] + (err[KK] / (GK * PI * dcz[KK]));

}

if (o_dep[KK] <= input zmin km) 73



o dep[KK] = input zmin km;

if (o_dep[KK] > input zmax km )
o _dep[KK] = input zmax km;
}
getGbasin (input n obs, x,input ele km,o dep,input sd poly,input alambda, input ddx km,T,
o _GC);
double funct2 = 0.0;
for(int LI = 1 ; LI <= input n obs ; LI++) {

funct2=funct2+Math.pow (input nob gob[LI] - o GC[LI],2);
}
o _iter = iter;
o functliter] = functl;

denCal (input sd poly, input alambda) ;
drawGraph () ;

if (funct2 - functl < 0 || funct2 - functl == 0) {
if (funct2 - input al err <= 0) {

break;

}

else {
functl = funct2;
}
}

else if (funct2 - functl > 0 ) {
break;

}

try {
Thread.sleep (10);

} catch (InterruptedException e) {
e.printStackTrace() ;

}

public void invcal () {

double dpar = 0.1;
double ALER = input al err;

o GC = new double[input n obs + 1];
o _dep = new double[input n obs + 1];
o _funct = new double[input nob iter +5];

x = new double[input n obs+1];

err = new double[input n obs + 1];

double errl[] = new double[input n obs + 1];
for (int i = 0; i <= input n obs; i++) {

o_dep[i]=0;
err[1]=0;
errl([i]=

}

double []par = new double[input n obs + 1];
double []parl = new double[input n obs + 1];
double []par2 = new double[input n obs + 1];
double []dupar = new double[input n obs + 1];
double []gl = new double[input n obs + 1];
double []g2 = new double[input n obs + 1];
double [][]st = new double[input n obs + 1][input n obs + 1];
double []actz = new double[input n obs + 1];
double []b = new double[input n obs + 1];
double []KS = new double[2];

double LAMBDA = 0.5;

int npl = input n obs + 1;

double [][]p = new double[input n obs+1] [npl+l];
for (int KL=1; KL<= input n obs; KL++) {
x[KL] = (KL-1) * input ddx km;

}

double t = (x[2] - x[1]) / 2.0; 74



/ (GK *

for (int KK = 1 ; KK <= input n obs; KK++) {

if (input alambda==0) {
par[KK] = input_nob_gob[KK]/(GK*PI*input_sd_poly) ;

}
else
{
par[KK] = (1 / input alambda) * Math.log(l + ((input alambda * input nob gob[KK])
PI * input sd poly))):
}
}
getGbasin (input n obs,x,input ele km,par,input sd poly,input alambda, input ddx km,t,o GC);
functl=0.0;

for (int K 1 ; K <= input n obs; K++) {
err[K] = input nob gob[K] - o GCI[K];
functl = functl + Math.pow((input nob gob[K] - o GC[K]), 2);
}
int iter = 0;
double funct2 = 0.0;
while (iter< input nob iter) {
iter = iter + 1;

setGraphValues (input n obs,iter, x, input nob gob, o GC,o dep, functl,err,

input area name) ;

rtrgl);

£,92);

for(int KJ = 1; KJ <= input n obs; KJ++) {
actz[KJ] = par[KJ];
}

for(int K = 1;K <= input n obs; K++) {
parl[K] = par[K];
}
for (int I = 1; I <= input n obs; I++) {
parl[I] = par[I] + dpar/2.0;
getGbasin (input n obs, x,input ele km,parl,input sd poly,input alambda,input ddx km

parl[I] = par[I] - dpar/2.0;
getGbasin (input n obs, x,input ele km,parl,input sd poly,input alambda,input ddx km

for (int K=1;K<=input n obs;K++) {
st[I][K] = (gl[K] - g2[K]) /dpar;
}

for (int J=1; J <= npl; J++) {
for (int I=1; I <= input n obs;I++) {
plI][J]=0.0;
}
}

for(int J = 1;J <= input n obs;J++) {
for(int I = 1;I <= input n obs;I++) {
for(int K = 1;K <= input n obs;K++) {
p[I1[J] = p[I][J] + StlI][K] * st[J][K];

}
}
}
for (int J = 1; J <= input n obs;J++) {
for (int K = 1; K <= input n obs;K++) {
p[J] [npl] = p[J][npl] + err[K] * st[J][K];
}

do {
double CON = LAMBDA + 1.0;
for(int I = 1; I <= input n obs;I++) {
dupar[I] = parl[I];
}

for (int L = 1;L <= input n obs; L++) {
for (int J = 1;J <= input n obs; J++) {
if (L - J == 0) {

plL][J] = p[L][J] * CON;
}
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}

SIMEQ (p, b, input n obs,KS);

for (int I=1; I <= input n obs; I++) {
par2[I] = dupar[I] + b[I];

}

for (int KK = 1; KK <= input n obs; KK++) {
if (par2[KK] <= input zmin km)

par2[KK] = input zmin km;
if (par2[KK] > input zmax km)
par2 [KK] = input zmax km;

}

getGbasin (input n obs,x,input ele km,par2,input sd poly,input alambda,input ddx km
,t,0 GC);
funct2 = 0.0;
for (int K = 1; K <= input n obs; K++) {
err[K] = input nob gob[K] - o GCI[K];
funct2 funct2 + Math.pow(err[K],2);

}
if (functl - funct2 < 0) {

LAMBDA = LAMBDA * 2;
if (LAMBDA - 13 < 0) {
for (int I = 1; I <= input n obs; I++) {
for (int J = 1; J <= input n obs; J++) {

if(I - J == 0)
plIl[J] = p[I][J] / CON;

}
else
break;

}
}while (functl <= funct2);

o _iter = iter;
o functliter] = functl;
functl = funct2;

for(int I = 1; I <= input n obs; I++) {
par[I] = par2[I];

}

for(int I = 1; I <= input n obs; I++) {
o dep[I] = par2[I];

}

LAMBDA = LAMBDA / 2.0;

denCal (input sd poly,input alambda) ;

drawGraph () ;

if (funct2 - functl <= 0 ) {
if (funct2 - ALER <= 0) {
break;
}
else {
functl = funct2;
}

else
break;

}

public static void denCal (double sd,double alpha) {
int 1 = 1;
double z1=0;
double z2 = MOD2DSD Utility .findMaximumNumberl (MOD2DSD CalculateValues.o dep);
vsd = new double[ (int) Math.pow(input n obs,2)];
dep = new double[ (int) Math.pow (input n obs,2)];
while(z1l <= z2){ 76



double dc = (sd * Math.exp(alpha * zl));
vsd[i] = dc;
dep[i] = zl;

z1l = z1+0.1;

i++;
}
count = 1i;
vsd[count] = (sd * Math.exp(alpha * z2));
deplcount] = z2;
}
public double [] getGbasin(int n,double []x,double []ele,double []z,double sd,double al,double

ddx,double t,double []lgc) {
double xx = 0,z2 = 0,9ff,ggc=0;
double z1 = 0.0;
double dz 0,dc = 0;
double GK 13.3333;
for(int JJ = 1 ; JJ <= n ;JJ++){
gc[JJg]=0.0;

}
for(int II = 1 ; II <= n ; II++){
for(int LL = 1 ; LL <= n; LL++) {
xxXx = X[II] - x[LL];
z2 = z[LL]

’

double dx = ddx/10;
double zb = z2 - z1;

double []zk = new double[1000];
double []gs = new double[1000];

int nd = (int) (zb / dx) + 1;
int nl = nd / 2;
if (nd - (2 *nl ) <0 || nd=- (2 *nl ) >0) {

nd = nd + 1;

}

dz = zb / nd;

int n2 = nd + 1;

for (int JZ =1 ; JZ <= n2; Jz++) {
zk[JZ] = z1 + dz * (JZ - 1);

}

for (int Jz = 1; JZ <= n2; Jz++) {
dc = (sd * Math.exp(al * zk[JZ])):
double tl1 = GK * dc;

double t2 = Math.atan(((xx + t)) / (zk[JZ]-ele[II]));
double t3 = Math.atan(((xx - t)) / (zk[JZ]-ele[II]));
gs[Jz] = t1 * (t2 - t3);//(gg2[1l] + gg2[2]) / 2.0;

}
gff = SIMP(gs,zk,n2,g9gc);
gc[II] = gc[II] + gff;

}
}
return gc;

}

public double SIMP (double []gs,double []z,int n,double ggc) {

double dz = z[2]-z[1]1;

double suml = 0.0;

double sum2 = 0.0;

int nl = n / 2;

int n4d = nl - 1;

for(int I = 1; I <= nl; I++) {
int n2 = 2 * I;
suml = suml + gs[n2];

}

for(int I = 1; I <= n4; I++) {
int n3 = 2 * I +1;
sum2 = sum2 + gs[n3];

}

ggc = gs[l]+4*suml+2*sum2+gs[n];
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ggc = ggc * dz / 3.0;
return ggc;

public static double []SIMEQ (double p[][], double b[], int n, double KS[]) {

int T = n + 1;
double []a = new double[n*n+1];

for (int Il = 1; Il <= n; Il++) {

for (int I2 = 1; I2 <= n; I2++) {
int I3 = (I1 - 1) * n + I2;
alI3] = plI2][1I1];

}

for (int I4 = 1;I4 <= n; TI4++) {
b[I4] = pl[I4][I];
}
double tol = 0;
KS[0] = 0;
int JJ = - n;
int IT;
int NY = 0;
for (int J = 1
int JY = J ;
JJd =JJ + n + 1;
double biga = 0
IT = Jd - J;
int imax = 0;
for (int 1 = J; 1 <= n; 1i++) {
int IJ = IT + i;
if (Math.abs(biga) - Math.abs(a[IJ]) < 0) {

;J <= n; J++) {
+ 1

’

biga = al[IJ];
imax = 1i;
}
}
int I1 = 0;
if (Math.abs(biga) - tol <= 0) {
KS[1] = 1;
return KS;
}
else {
I1 J+n * (J - 2);
IT = imax - J;

}

double save;

for (int K = J;K <= n; K++) {
I1 = I1 + n;
int I2 = I1 + IT;

save = al[Il];

alIl] = al[12];

alI2] = save;

al[Il] = a[Il] / biga;
}
save = bl[imax];
bl[imax] = b[J];

b[J] = save / biga;
int IQS = 0;

if (3 -n<O0|] J-n>0) {

IS = n * (J - 1);
for (int IX = JY;IX <= n; IX++) {
int IXJ = IQS + IX;
IT = J - IX;
for (int JX = JY;JX <= n; JX++) {
int IXJX = n * (JX - 1) + IX;
int JJX = IXJX + IT;
alIXJdX] = al[IXJdX] - (al[IXJ] * al[JJX]);
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b[IX] = b[IX] - (b[J] * alIXJdl);

NY = n - 1;
IT = n * n;

for (int J = 1;J <= NY; J++) {
int ia = IT - J;
int ib = n - J;
int ic = n;
for (int K = 1;K <= J; K++) {
blib] = b[ib] - alia] * blic];
ia = ia - n;
ic = ic - 1;
}
}

return b;

public static void setGraphValues(int i no obs,int ite,double []dis,double []GOBS,double
[]GCAL,double []Dep, double funct,double []ERR,String Area fe) {

obj = new Object[i no obs+21][5];

DecimalFormat df =new DecimalFormat ("O.###");
for (int K=1;K<=i no obs;K++) {

obj [K][0]= "" + dis[K];

obj[K][1l]= "" + df.format (GOBS[K]) ;
obj[K][2]= "" + df.format (GCAL[K]) ;
obj[K][3]= "" + df.format (Dep[K])
obj[K] [4]= "" + df.format (ERR[K]) ;

obj[0][0] ="ITERATION";
Obj[O] [1] = "=m 4un "+ite;

}

public static void drawGraph () {

final com.mod2dsd.view.MOD2DSD Graph dg = new com.mod2dsd.view.MOD2DSD Graph() ;
double pos[] = new double[MOD2DSD CalculateValues.input n obs];

int m=1;

for (int k = 1; k <= MOD2DSD CalculateValues.input n obs; k++) {

if (MOD2DSD CalculateValues.input nob gob[k]>0) {

pos[m] = MOD2DSD CalculateValues.input nob gobl[k];

m=m+1;

try

int width = 1080;
int height = 650;
BufferedImage buffer = new BufferedImage (width,height,BufferedImage.TYPE INT RGB) ;

Graphics gl= buffer.createGraphics();
gl.setColor (Color.WHITE) ;

gl.fillRect (0,0,width, height) ;
Graphics2D g2 = (Graphics2D)gl ;

if(pos([1]1>0){
dg.plotPOS (g2) ;
dg.plotXYCoordinatesPos (g2) ;
}
else{
dg.plot(g2);
dg.plotXYCoordinates (g2);
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dg.drawGraph(g2) ;
float maxEle = (float)
MOD2DSD_Utility.findMaximumNumberl (MOD2DSD CalculateValues.input ele km);
if (maxEle==0)
dg.plotZCoordinates (g2);
else
dg.plotZCoordinatesele (g2) ;

dg.drawOBJ (g2) ;
dg.idex (g2);
dg.drawSd (g2) ;

FileOutputStream os = new FileOutputStream( MOD2DSD CalculateValues.input area name
+ll.quﬂ);

ImagelO.write (buffer, "Jjpg", os);

os.close ()

String path = MOD2DSD CalculateValues.input area name +".jpg";
image = ImagelIO.read(new File (path));

Graphics g image = MOD2DSD MainPanel.img.getGraphics();
g image.drawImage (image, -60,-30,image.getWidth(), image.getHeight(),dg):;

MouselListener ml3 = new MouseAdapter () {
public void mouseClicked (MouseEvent e) {
Graphics g image = MOD2DSD MainPanel.img.getGraphics();
g_image.drawImage (image, -60,-30,image.getWidth(), image.getHeight(),dg);
}
}7
MOD2DSD MainPanel.img.addMouseListener (ml3);
}
catch (Exception e2) {

e2.printStackTrace () ;

package com.mod2dsd.control;

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.io.File;

import java.io.IOException;

import javax.swing.JFrame;

import javax.swing.JOptionPane;

import com.mod2dsd.model.MOD2DSD CalculateValues;
import com.mod2dsd.view.MOD2DSD MainPanel;

public class MOD2DSD Control implements ActionListener{

com.mod2dsd.model .MOD2DSD CalculateValues cv = new
com.mod2dsd.model .MOD2DSD CalculateValues() ;
public static boolean success = false;

Object rowdatal]l[]l={};

public void actionPerformed (ActionEvent ae) {

if (ae.getActionCommand () .equals ("Modeling")) {
com.mod2dsd.view.MOD2DSD MainPanel.clearPanel (MOD2DSD MainPanel.img) ;
cv.getAnamolyValues (com.mod2dsd.view.MOD2DSD MainPanel.captureValues()) ;
cv.getForCal () ;
com.mod2dsd.view.MOD2DSD TableData.populateEastPanel (MOD2DSD CalculateValues.obj);
com.mod2dsd.view.MOD2DSD MainPanel.p East.repaint();
com.mod2dsd.view.MOD2DSD MainView mv = new com.mod2dsd.view.MOD2DSD MainView () ;
mv.setResizable (true) ;

}else if (ae.getActionCommand () .equals ("Inversion”)) {
com.mod2dsd.view.MOD2DSD MainPanel.clearPanel (MOD2DSD MainPanel.img) ;
cv.getAnamolyValues (com.mod2dsd.view.MOD2DSD MainPanel.captureValues()) ;
cv.invcal () ;
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com.mod2dsd.view.MOD2DSD TableData.populateEastPanel (MOD2DSD CalculateValues.obj);
com.mod2dsd.view.MOD2DSD MainPanel.p East.repaint();
com.mod2dsd.view.MOD2DSD MainView mv = new com.mod2dsd.view.MOD2DSD MainView () ;
mv.setResizable (true);

}else if (ae.getActionCommand () .equals ("Save and Print")) {

try
{
MOD2DSD_PrintValues.printGraphValues() ;

}
catch (Exception el) {

el.printStackTrace () ;
}

}else if (ae.getActionCommand () .equals ("Load data™)) {

try {
MOD2DSD_MainPanel.loadData () ;

} catch (IOException e) {
// TODO Auto-generated catch block
e.printStackTrace () ;

}
}else if (ae.getActionCommand () .equals ("Clear™)) {

MOD2DSD_MainPanel.clearDefaultValues () ;
MOD2DSD _MainPanel.clearPanel (MOD2DSD MainPanel.img) ;
com.mod2dsd.view.MOD2DSD TableData.populateEastPanel (rowdata) ;
}
else if (ae.getActionCommand() .equals ("Exit")) {
JFrame frame = null;

int r = JOptionPane.showConfirmDialog (
frame,
"Exit MOD2DSD 2",
"Confirm Exit ",
JOptionPane.YES NO OPTION) ;
if (r == JOptionPane.YES OPTION ) {
if (success==false) {
String fileName = MOD2DSD CalculateValues.input area name+".jpg";
File £ = new File(fileName);
f.delete();
}
System.exit (0) ;

package com.mod2dsd.control;

import java.io.File;

import java.io.FileWriter;

import java.text.DecimalFormat;

import javax.swing.JFileChooser;

import com.mod2dsd.model.MOD2DSD CalculateValues;

public class MOD2DSD PrintValues {
public static void printGraphValues () throws Exception {

tryf
String current = System.getProperty ("user.dir");
File img file = new File (MOD2DSD CalculateValues.input area name+".jpg");
JFileChooser saveFile = new JFileChooser (current);
File OutFile = saveFile.getSelectedFile();
FileWriter myWriter = null;
if (saveFile.showSaveDialog(null) == JFileChooser.APPROVE OPTION)
{
OutFile = saveFile.getSelectedFile();
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if (OutFile.canWrite() || !OutFile.exists())

{

File dir = new File(OutFile.getParent());

MOD2DSD Control.success = img file.renameTo (new File(dir,img file.getName()));

System.out.println("save success"+MOD2DSD Control.success);

myWriter = new FileWriter (OutFile+".html");

myWriter.write (" </table> </td> <td> <img src = '"+

MOD2DSD_CalculateValues.input area name +".jpg'></td></tr></table>");

myWriter.write ("<html> <Body onLoad = \"window.print ()\"><table> <tr> <td>" +

"<table border = 1> <tr> <th colspan = 4>LOCATION:-

"+MOD2DSD_CalculateValues.input area name+"</th> </tr>");
myWriter.write (" <tr><th colspan = 4> PROFILE:-"+"

"+MOD2DSD_CalculateValues.input profile name+" </th></tr>");
DecimalFormat df =new DecimalFormat ("O.###");
myWriter.write (" <tr><th colspan = 4> ITERATION"+"

"+MOD2DSD_CalculateValues.o iter+" </th></tr>");

myWriter.write ("<tr > <th>Distance (km) </th> <th> Observed anamolies (mGal)
</th> <th> Calculated anamolies (mGal) </th> <th> Depth (km) </th><th>
ERROR (mGal) </th></tr>");

for ( int K = 1; K <= MOD2DSD CalculateValues.input n obs; K++) {

myWriter.write ("<tr> <td>" + MODZDSD_CalculateValues.x[K]+"</td>
<td>"+df.format (MOD2DSD CalculateValues.input nob gob[K])+"</td>
<td>"+df.format (MOD2DSD CalculateValues.o GC[K])+"</td>
<td>"+df.format (MOD2DSD_ CalculateValues.o dep[K])+"</td><td>"+df.format (MO
D2DSD_CalculateValues.err[K])+"</td></tr>");
}

myWriter.close();

}

else
{
//pops up error message

}

}
catch (Exception el) {

el.printStackTrace () ;

package com.mod2dsd.util;

import com.mod2dsd.model.MOD2DSD_CalculateValues;
public class MOD2DSD Utility {
public static double convertDouble (String str) throws Exception {

Double temp = new Double(str.trim());
return temp.doubleValue();

}

public static String convertString(String str) throws Exception {

String temp = new String(str.trim());
return temp;

}

public static int convertInteger (String str) throws Exception {

Integer temp = new Integer (str.trim());
return temp.intValue();

}

public static int findMaximumNumber ( double observel[]) {
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double max = 0.0d;
for (int i 0; i < observe.length; i++) {

if (Math.abs (observe[i]) > Math.abs (max)) {
max = observel[il];

}

int maxVal = (int) max/3*5;
return maxVal;

}

public static int findMaximumNumber ( double observe) {

double max = 0.0d;
int maxVal=0;
max = observe;

if (max < 5) {

maxVal = 5;

}

else 1f (max >= 5 && max <= 10) {

maxvVal = 10;

}
else 1f ( max > 10 && max <= 15) {

maxVal = 15;

}
else 1f (max > 15 && max <= 20) {

maxvVal = 20;
}

else

{
maxVal = MOD2DSD CalculateValues.o iter;

}

return maxVal;

}

public static double findMaximumNumberl ( double observe[]) {

0.0d;
1; i < observe.length; i++) {

double max
for (int i

if (Math.abs (observe[i]) > Math.abs (max)) {
max =Math.abs (observel[i]);

}

double maxVal = max;
return maxval;

}

public static double[] convertDoubleArray (String str) throws Exception

java.util.StringTokenizer st = new java.util.StringTokenizer (str, ",");

String temp = "";
java.util.ArrayList arr = new java.util.ArrayList();

while (st.hasMoreTokens ()) {

temp = st.nextToken();
arr.add (temp) ;
}

double d arrayl[] = new doublel[arr.size() + 1];
for(int i = 0; i1 <= arr.size(); 1i++) {
if (1 == 0)

d array[i] = 0.0; 83



else
d array[i] = convertDouble( arr.get(i-1).toString() );

}

return d _array;
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CHAPTER
THREE

Automatic Modeling™ and Inversion* of Gravity
Anomalies due to 2.5-D Sedimentary Basins by
Means of Growing Prismatic Bodies and
Exponential Density Function

3.1 General

In regional studies and hydrocarbon exploration, residual gravity
fields are generally attributed to bodies having a flat top/bottom or
undulating over a mean depth (Rao and Murthy, 1978). Many sedimentary
basins on the continental platforms often possess limited strike lengths
(Peirce and Lipkov, 1988), and therefore, approximations of such
sedimentary basins to finite strike geometries are often justified in the
quantitative interpretation of gravity anomalies. Since 3D models
generally involve more data and computational requirements than 2D, use
of two and one-half dimensionality (2.5D) in the interpretation is
acceptable. Rasmussen and Pedersen (1979), Cady (1980) derived
equations for the vertical gravity field due to a homogeneous body with
polygonal cross-section and finite strike length. Dobrin and Savit (1988)

* Published in Computers & Geosciences (2013, 56, 131-141), Elsevier Ltd., USA.
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had separated the gravity expression of a 2.5-D polygonal body into the
2D terms of Talwani et al. (1959) and the exact terms for the contributions
of the ends of the prism, which were referred as end corrections. Nagy
(1966), Banerjee and Gupta (1977) derived expressions due to a
homogeneous 3-D parallelepiped. Takin and Talwani (1966) developed a
technique using uniform density to compute the gravity attraction of 3D
sources, where the topographic contours of the body were represented by
several polygons and the vertical component of the gravitational attraction
was calculated by evaluating the cone formula for a number of vertical
sections of the topography. The practical applicability of these forward
modeling schemes is rather limited in automatic gravity modeling studies
of sedimentary basins for the reasons elucidated in section 2.1 of

Chapter-II.

On the other hand, Mickus and Peeples (1992) developed a
technique to interpret the gravity and magnetic data for the lower surface
of a 2.5-D sedimentary basin using the inverse theory of Backus and
Gilbert (1967, 1968, 1970). Again this technique presumes uniform
density for the sedimentary rocks, which is not valid. Furthermore,
sedimentary basins on the continental regions often possess finite (Peirce
and Lipkov, 1988) but variable strike lengths, such as the one shown in
Figure 3.1a. To analyze the gravity anomalies of such a basin along a
profile, AA’, across its strike, the basin needs to be approximated by an
ensemble of variable but finite strike multiple models rather than single

2.5-D structure.
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Therefore, a need exists to develop a new interpretation strategy
using EDF to analyze the gravity anomalies of sedimentary basins treating

the source as an ensemble of variable but finite strike multiple models.

This chapter deals with two interpretation strategies namely
automatic modeling and inversion and related GUI based software,
MODTOHAFSD, to analyze the gravity anomalies of variable but finite
strike (2.5-D) sedimentary basins. Unlike the case of many existing
methods, the Bouguer gravity anomalies can be supplied to the software
as a part of input. Based on the known geologic and other geophysical
information, the interpreter can construct/edit regional gravity field in an
interactive approach. The estimated residual gravity anomalies are then
automatically analyzed for the basement structures either by using the

principles of automatic modeling or inversion (user specific).

Applicability of these techniques is illustrated with a synthetic
model using both EDF and UDF and also is exemplified with the

interpretation of gravity anomalies of the Chintalpudi sub-basin, India.

3.2 Automatic modeling

Modeling of gravity anomalies of strike limited sedimentary basins is
equivalent to a mathematical process of estimating the depths of a
sedimentary basin from the observed gravity anomalies by means of
adjusting the thickness parameters of strike limited prisms within the
permissible limits based on the differences between the observed and

modeled gravity anomalies (Chakravarthi et al., 2013c).
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Figure 3.1 (a) Plan view of a synthetic model of a strike limited sedimentary basin and its
approximation by an ensemble of variable but finite strike vertical prisms. Note that the
limited strike length prevents the structure to represent as a 2-D source. (b) Depth
structure of the basin. (c) Geometry of a 2.5-D prism. Note that s is the offset
of the profile, BB', from the origin, (0,0).
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3.2.1 Forward modeling - theoretical considerations

In Cartesian co-ordinate system, let the z-axis is positive vertically
downwards and the x-axis runs transverse to the strike of a sedimentary
basin (Figure 3.1b). The plan view and depth structure of a sedimentary
basin are shown in Figure 3.1a and Figure 3.1b, respectively. In this case,
a stack of N vertical prisms (equal to the number of observations) all
having equal widths, but each one possesses its own limited strike length
(Figure 3.1a) and thickness (Figure 3.1b) describes the dimensions of the
sedimentary basin. Let 2Y, 2W and zz represent the strike length, width
and thickness of one such a prism (Figure 3.1c). The gravity anomaly at
any point, P(xj,z;), on the profile, AA’, which runs along the x-axis and
bisects the strike length of the prism can be expressed as (Chakravarthi et

al., 2013c)

z — z;)dxdydz
(z=2)

Agprism(xj'zj) = ZGf Ap(z)

4

, (3.1)
X=X +Z—2° + y2]3/2

where, G is universal gravitational constant, (x,y,z) are source co-
ordinates of an element volume within the prism, and Ap(z) is the density
contrast of sediments represented equation (1.20). Performing analytical
integration with respect to y and x, equation (3.1) takes the form

(Chakravarthi et al., 2013c)

. Y, +W+T
tan
°5 sz,\/x,+I/|/2+Y2+szj2
Agprism(xjr Zj) = ZGApof e Yx —W+T dz. (3.2)
0 —tan™? z
sz]\/x, —W?+Y?+7=27"
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Equation (3.2) needs to be solved numerically because no closed
form solution exists in the space domain. Further, it is to be realized that
equation (3.2) is strictly valid for the profile which runs across and bisects
the strike length of the prism (such as AA’ in Figure 3.1c). In case, the
profile fails to bisect the strike length but runs at an offset of s across the
strike (such as profile, BB’, in Figure 3.1c), then the anomalous field at
any point on the profile outside the source region can be calculated as the
average of equation (3.2) by substituting, Y—-s and Y+s for Y
(Chakravarthi et al., 2013c). The effect of offset parameter, s, on the
magnitude of the gravity anomaly of a strike limited vertical prism is

shown in Figure 3.2a.

Anomaly (mGal)

Depth (km)

Figure 3.2 (a) Gravity anomalies at zero and 18 km offset. (b) Geometry
of a 2.5-D vertical prism in xz-plane. (c) Plan view of the 2.5-D prism in
xy-plane with the locations of two selected profiles, PP’ and QQ".
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The gravity anomalies produced by a 2.5-D prism in the interval x;
€ [-10 km, 10 km] along two selected profiles, PP’ and QQ’ (locations are
shown in Figure 3.2c), where one profile runs at zero offset and the other
at 18 km offset (Figure 3.2b) are shown in Figure 3.2a. The assumed
parameters of the prism are: zz = 4 km, W = 2.5 km and Y = 20 km
(Figures 3.2b and 3.2c) with Ap, = -0.35 g/cm?3 and A1 = 0.5 km-1. The
colour variation from yellow to red within the prism (Figure 3.2b)
represents the decrease in density contrast (absolute magnitude) with
depth. One can notice from Figure 3.2a that the gravity response of the
prism at 18 km offset portrays larger magnitude than the corresponding

one observed at the zero offset.

In the presence of regional background, the gravity effect of a

sedimentary basin, gj.int(xj,2;), can be expressed as (Chakravarthi et al.,

2013c),
gjoint(xjrzj) = gbasin(lezj) + w(xj). (3.3)
where,
N
Ibasin (xj' Zj) = Z Agprism (xj' Zj)l (34)
=1
and
N1
¥(x) = 2 fnx" (3.5)
m=0

Here, N1 is the degree of polynomial and b,, represent a set of coefficients.
The gravity anomaly of a prism with UDF can also be realized by letting

A =0 in equation (3.2).
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3.2.2 Gravity signatures of a 2.5-D sedimentary basin at different offsets

Figure 3.3a shows the plan view of a north south striking
sedimentary basin, whose depth structure is shown in Figure 3.3c. The
nature of gravity anomalies produced by the sedimentary basin at three
different offsets along three selected profiles CC’, DD’ and EE’ (locations
are shown in Figure 3.3a) are shown in Figure 3.3b. The profile CC’, which
runs from west to east covers the basin fill completely, whereas the
profiles DD’ and EE’ fail to do so (Figure 3.3a). The basin is having
variable but finite strike length; hence, a stack of 16 vertical prisms with
different strike lengths (Figure 3.3a) and thicknesses (Figure 3.3c) is used
to describe the dimension of the basin. Furthermore, all three selected
profiles (Figure 3.3a) do not bisect the strike lengths of the prisms (except
the profile CC’, which bisects the 1st and 2nd prisms) but run at different
offsets. Hence, in each case the offset of the profile from the centre of each
prism is measured and used in equations (3.2) and (3.4) to realize forward
modeling. The density contrast of sediments within the basin is assumed
to vary according to equation (1.20), where Ap, = -0.5 g/cm3 and 4 = 0.55

km-! (Figure 3.3d).

The gravity anomalies calculated at 16 equispaced observations in
the interval x; € [0 km, 15 km] along each selected profile are shown in
Figure 3.3b. A gravity low of about -26 mGal is observed along the profile,
CC’, at the basin’s depocentre, where the thickness of sediments attains
its maximum (4.3km) and a relative high of -22 mGal over the basement

ridge towards the east. In the case of profile, DD’, the magnitude of the
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Figure 3.3 (a) Plan view of a north south striking 2.5-D sedimentary basin with the locations of
three selected profiles (CC', DD', EE') at different offsets. (b) Gravity anomalies along the
three profiles CC', DD', EE'. (c) Depth structure of the basin. The description for
tonal variation from yellow to red within structure is given in Figure 2.5b.

(d) Prescribed EDF.
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anomaly increases to -23 mGal over the basin’s depocentre and towards
the east a relative gravity high of about -8.5 to -12 mGal is observed over
the basement ridge. On the other hand, the gravity anomaly along the
profile, EE’, shows a low of -12.8 mGal at the 5t km on the profile

bordered on either side by marginal highs.

Therefore, the magnitude of gravity anomaly across a geological
source varies as a function of offset and hence, it is essential to consider
this parameter in the analysis of gravity anomalies for reliable

interpretations (Chakravarthi et al., 2013c).

3.2.3 Automatic modeling of gravity anomalies

It is well-known that known geology plays a crucial role in
deciphering the best regional trend on a Bouguer gravity anomaly map.
However, the process of regional and residual anomaly separation is
highly subjective in the absence of a priori information about the geology.
Although, Chakravarthi and Sundararajan (2004, 2007) used linear and
quadratic polynomials to describe regional gravity field in analyzing
gravity anomalies, elsewhere, regional anomalies do not lend themselves
to be exactly simulated with linear/quadratic polynomials. The proposed
algorithm allows one to choose any degree of polynomial to describe

complex regional trends (Chakravarthi et al., 2013c).

The interpretation starts by constructing regional gravity
background, which needs to be separated from the observed Bouguer

gravity anomalies prior to the analysis. Based on the known geologic and
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other geophysical information, the interpreter selects a few control points,
by means of mouse clicks, in the anomaly panel (Figure 3.4) to decipher
appropriate regional trend. The algorithm automatically reads the
coordinates of the selected points, fits a polynomial of a predefined degree
and estimates the coefficients of the polynomial. These coefficients and
observer locations along the profile are then used by the algorithm to
construct and display an analytically defined regional. The algorithm then
estimates residual gravity anomalies by subtracting the analytically
defined regional from the Bouguer gravity anomalies and displays the
residual anomalies in the anomaly panel. The advantage of the algorithm
is that it provides a means to modify/edit the regional trend. In this case
the interpreter needs to select the control points again (by means of
mouse clicks) and edit them wusing simple drag and drop mouse
operations. The coefficients of the polynomial are then automatically
updated and a modified regional will be constructed and displayed in the
anomaly panel along with the modified residual. The estimated residual
anomalies are then consequentially modeled for basement configuration

(Chakravarthi et al., 2013c).

The initial depth estimates, Zp(x;,z), of a basin are calculated at
each observation on the profile using equation (2.4) in case of EDF and
equation (2.5) in case of UDF. These initial depth estimates are used in
equation (3.4) to calculate the model gravity response of the basin at all
observations on the profile. The depth estimates of the basin are

automatically updated based on equation (2.6) and the process of
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modeling repeats until one of the conditions of its termination is fulfilled

as described under section 2.2.3 of Chapter-II.
3.3 Inversion

Most of the existing 2.5-D inversion strategies (e.g., Mickus and
Peeples, 1992) yield unreliable interpretations not only when the density
contrast portrays variation with depth but also when the profile (such as
the profile, DD’, in Figure 3.3) along which the inversion is intended fails
to bisect the strike length of the structure. Therefore, it is necessary to
develop a new inversion technique using EDF to overcome the drawbacks
associated with existing algorithms to analyze the gravity anomalies of

2.5-D sedimentary basins as presented in the following section.

In this case, the N unknown depth parameters to be determined
from N observations form a system of P, where Py= Z;, for m = 1,2,....,N
are depth estimates of the prisms.. The error between observed and
modeled gravity anomalies at all locations are used to improve N depth
estimates of the basin (Chakravarthi et al., 2013c). The following system

of normal equations is to be solved for the increments/decrements of the

unknown parameters, N, namely dPyg, k= 1, 2,..., N based on the

principles of inversion as described in Chapter-I as

N N
Z Z aAgprism(xk' Zk) aAgprism(xk' Zk)

aﬁj, aﬁk (1 + 1951.,@) dpf(

k=1 k=1

AGprism Xk, Z
Iorism@eZid) 1y 5y (3.6)
apj/

N
0
= > 19, (o 50 = Gnasin (i 2]
k=1
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Partial derivatives required in the above system of equation (3.6) are
calculated by a numerical approach, which involves the calculation of the
rate of change of gravity anomaly with respect to each unknown

parameter to be solved (Chakravarthi et al., 2013c). The estimated

A

increments/decrements, dP;, k=1, 2,..., N are used to update the existing
depth parameters, P;, and the inversion process continues until one of its

termination conditions is fulfilled as described in Chapter-I.

3.4 Description of software - MODTOHAFSD

Based on the algorithms of automatic modeling and inversion as
described in sections 3.2.3 and 3.3, a GUI based software,
MODTOHAFSD, coded in JAVA is developed in the space domain to
analyze the gravity anomalies of 2.5-D strike sedimentary basins using
EDF (Appendix 3.1). This software, being platform independent, works on
MVC pattern (Figure 2.3). The user has the option to choose either
automatic modeling or inversion to analyze the gravity anomalies for
basement structures. The complete details of the software including its

installation and operation are available at https://github.com/chakravar

thi/ MODTOHAF /tree/master/program/modtohafsd (Chakravarthi et al.,

20130).

Upon execution, the view module of the software appears on the
monitor as shown in Figure 3.4. The input layout consists of ten fields
and four menus. The user needs to specify the information pertaining to
Area/Profile, number of observations, station elevations (km), station

interval (km), observed Bouguer gravity anomalies (mGal), minimum and
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maximum anomalies (mGal), maximum permissible depth (km), allowable
error, and the number of iterations to be performed in the input layout,
and the parameters of model space i.e., half strike length of each prism
(km), offset of the profile from the center of each prism (km), constants of
EDF namely, Apy(g/cm?3) and A(km-1), in appropriate fields under the

menu ‘Model information’.

Input
Menus
layout
B MUD T UHAFSD = E
File  Madid informadion  Inferprelistion Heldp
Area Proflle Mumber of Reratons
Hurnber of obsenadions; Blation irtenval (km)
Elevatons{km) Cbsarred anomalies (mal)
sEniFwm anomaly (mcisl Maximum anomaty (mcan
Piarnssibhe eror Wisimur piesrrssibibe dispth (eri)

GRAVITY MODELING OF 2.5-D SEDIMENTARY BASIMNS USING EXPOMEMNTIAL DENSITY FUNCTION

Figure 3.4 View module of MODTOHAFSD

The software also provides an option to the user to choose either a
constant regional or a variable regional by making use of the
‘Interpretation’ menu. Upon selection of variable regional the software
prompts the user to specify the degree of polynomial. Regional field can be

constructed/edited following the procedure described in the text under
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the section 3.2.3. Finally, the user opts either ‘Automatic Modeling’ or
Inversion’ under the ‘Analysis’ submenu of ‘Interpretation’ to analyze the
gravity anomalies for the basement configuration. The parameters that are
specified in the input layout remain unchanged during the process of
analysis, while the thicknesses of the prisms at plurality of locations are
automatically initiated and updated in an iterative approach within the
specified convergence criteria. The software shows the animated versions
in model growth, nature of fit between the observed and modeled gravity
anomalies and corresponding changes in misfit with iteration and

variation of density contrast with depth.

3.5 Applications

Reliability of automatic modeling and inversion schemes discussed
in the text is demonstrated by interpreting the gravity anomalies due to a
synthetic model of a 2.5-D sedimentary basin using both EDF and UDF.
Further, the interpretation real field gravity anomalies over the
Chintalpudi sub-basin in India, shows the practical utility of the

algorithms.

3.5.1 Automatic modeling

(a) Synthetic example — interpretation of noisy gravity anomalies

Figure 3.5a shows a set of noisy Bouguer gravity anomalies in the
interval, x; € [0 km, 32 km| produced by a synthetic model of a

sedimentary basin, whose plan view is shown in Figure 3.3a and its depth

structure in Figure 3.5b respectively. The model characterizes the features
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Synthetic example - 2.5-D automatic modeling
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Figure 3.5 (a) Noisy Bouguer gravity anomaly, assumed and estimated regional gravity backgrounds
by 6™ and 2" degree polynomials, estimated and modeled residual gravity anomalies using EDF
and UDF. (b) Assumed and estimated depth structures by automatic modeling. The description
for tonal variation from yellow to red within structure is given in Figure 2.5b. (c) Prescribed EDF.
(d) Variation of misfit with iteration number.
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of a typical graben structure. Further, a basement high bounded by steep
normal faults divides the basin into two parts. The density contrast of
sediments within the basin varies according to equation (1.20) defined
with Ap,= -0.35 g/cm?3 and 4 = 0.33 km! (Figure 3.5c). In this case, the
pseudorandom noise was Gaussian, with zero mean and a standard
deviation of 0.21 mGal. The regional gravity background present in the
Bouguer gravity anomaly varies according to a 6t degree polynomial,

Y8 o fmx™. The coefficients of the polynomial are given in Table 3.1.

Table 3.1

Assumed coefficients of the 6t degree polynomial regional background

Coefficient Assumed value

f ~1.364880845
-0.4765145366
0.01075816477
-0.001127570838
0.0001382314667
-4.892878729E-006
5.673502197E-008

=

N

S

o

w

(2]

This interference term exhibits large wavelength compared to the
one produced by the residual source, namely the sedimentary basin.
Further, it can be noticed from Figure 3.5a that the magnitude of regional
background varies considerably over the length of the profile: from about
-1.5 mGal over the left part to as much as -6 mGal over the central part

and then reaches to about -1 mGal towards the right.

However; in reality, the degree of polynomial to be chosen to

simulate regional background is always uncertain in the absence of
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known geology (Chakravarthi and Sundararajan, 2004, Chakravarthi et
al., 2013c). For this reason, although a 6t degree polynomial is used to
describe the regional background in generating the noisy Bouguer gravity
anomaly of the structure (Figure 3.5a); a 2nd degree polynomial is chosen

in the analysis to study its effect in the interpretation, if any.

Accordingly, a total of seven anomalies are selected (shown as X’ in
Figure 3.5a) keeping in view the general characteristics of regional
anomaly and a 2nd degree polynomial was fitted to construct an
analytically defined regional trend (Figure 3.5a). The coefficients of 2nd
degree polynomial regional background estimated by the algorithm are

given in Table 3.2.

Table 3.2

Estimated coefficients of the 2nd degree polynomial regional background

Coefficient Estimated value

f -1.154740095
f, -0.5997758819
f, 0.01910476074

The estimated residual gravity anomalies were analyzed for the

basement structure by the automatic modeling module of MODTOHAFSD.

The parameters Ap, and A of EDF to analyze the gravity anomalies
are obtained from the known density-depth information (Figure 3.5c).
Further, the half strike lengths of prisms and offset distances of the profile
from each bisector of the prisms are assumed. In this case, the code had

performed 198 before it got terminated as the misfit (equation 1.21) fell
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below an allowable error of 1E-05 mGal. The misfit between observed and
modeled gravity anomalies had reduced drastically from 50.74 for the
starting model to about 0.001 at the end of the 37t iteration (Figure 3.5d),
and then slowly reached to 1E-05 at the end of 198t iteration. The depth
parameters of the structure remain more or less unchanged beyond the
concluding iteration and the fit between the observed and modeled gravity
anomalies is satisfactory (Figure 3.5a). The estimated structure of the
basin compares reasonably well with the assumed one (Figure 3.5b). The
inferred maximum thickness of the basin (4.096 km) from modeling at the
16t km on the profile was marginally over estimated by 2.4% (the
assumed maximum thickness of the basin is 4km). Such a discrepancy
between the assumed and estimated structure is acceptable considering
the fact that significant level of noise present in the Bouguer gravity

anomaly.

The anomaly shown in Figure 3.5a is also interpreted using UDF by
letting 4 = 0, for which the modeling took 30 iterations before it got
terminated as the new misfit exceeds its preceding value. In this case, the
misfit had reduced from its initial value of 36.8 to 0.09 at the end of the
30th jteration (Figure 3.5d). The modeled gravity anomaly and the
corresponding depth structure of the basin are also shown in Figures 3.5a
and 3.5b. The maximum thickness of the basin estimated from modeling

using UDF is only 1.951 km against the assumed depth of 4 km.

In short, it can be seen from Figure 3.5a that the modeled gravity

anomaly realized by both EDF and UDF equally explain the observed
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anomaly, however, the depth structure of the basin obtained with UDF is

very much underestimated.

(b) Field example — Chintalpudi subbasin, India

The Chintalpudi subbasin, one of the major coal producing
Gondwana basins of India, represents the southeasterly continuation of
the Kothagudem subbasin of the Pranhita-Godavari valley and covers an
area of about 2500 sq. km. The basin on either side is bounded by well-
defined faults, which gives rise to a graben structure within the basin. In
the subbasin, Archaean gneisses form the basement for the Gondwana
sequence, and the basin is of a younger generation, as evidenced by the
absence of Barren Measure Formations over a major part of the area. The
basin is about 65 km long and 38 km wide and the topography of the

entire area is flat or gently undulating (Rao, 1982).

The details of the gravity survey including the distribution of
observations, application of various corrections to the measured data and
the accuracy of Bouguer anomalies are discussed by Mishra et al. (1987).
Further, Kaila et al. (1990) have carried out Deep Seismic Sounding (DSS)
investigations along a profile across the basin and estimated the
maximum thickness of sediments as 2.8 km. The Oil and Natural Gas
Corporation Ltd (ONGC), India has drilled a deep borehole in the basin at
its depocentre and encountered the Archaean basement at a depth of
2.935 km (Agarwal, 1995). The constants of EDF obtained by fitting
equation (1.20) to the measured density contrast-depth data from this

borehole (Figure 3.6¢c) are given as Apy = -0.4692 g/cm3 and 1 = 0.4078
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km-1, respectively (Rao and Rao, 1999). Although the basin possesses
limited and variable strike length (Rao, 1982), Rao and Rao (1999) and
Zhou (2013) modeled the gravity anomalies of the basin treating the basin
as a 2D structure. Rao and Rao (1999) analyzed the anomalies of the
basin along a profile using a combination of both frequency and space
domain methods, whereas Zhou (2013) makes use of the line integral (LI)

and maximum difference reduction (MDR) methods.

For the present study, the same anomaly (Figure 3.6a) is interpreted
by the proposed algorithm using the principles of automatic modeling. For
such a study, the structure is described with a stack of 16 vertical prisms
(equal to the number of observations), each one with its own limited strike
length. Further, the offset of the profile from the centre of each prism is
measured and supplied to the code as a part of input. The interpretation
converges in 33 iterations. The change in misfit against the iteration
number is shown in Figure 3.6d. It is to be noted that the magnitude of
residuals observed in the proposed modeling are below = 0.23 mGals,
whereas the residuals reported in the methods of Rao and Rao (1999) and
Zhou (2013) are * 0.25 mGals, 0.5 mGal respectively (Chakravarthi et al.,
2013c). The modeled anomaly is shown in Figure 3.6a and corresponding
inverted bedrock depths in Figure 3.6b respectively. By and large, the
modeled anomalies mimic the observed anomalies (Figure 3.6a). The
thickness of the basin estimated from present modeling (2.913 km) at the
existing borehole compares excellently well with the drilling depth of 2.935
km. The interpreted depth structure of the basin by Rao and Rao (1999)

and Zhou (2013) are also shown in Figure 3.6b for comparison. In this
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Field example - 2.5-D automatic modeling
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Figure 3.6 (a) Observed and modeled gravity anomalies using EDF and UDF, Chintalpudi sub-basin,
India. (b) Estimated depth structures by modeling. The description for tonal variation from yellow to
red within the structure is given in Figure 2.5b. Interpreted depth structure by Rao and Rao (1999)
and Zhou (2013) are also shown. (c) Measured density contrast-depth data (Agarwal, 1995) and
fitted EDF (Rao and Rao, 1999). (d) Variation of misfit with iteration number.
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case, the interpreted structure of the basin from automatic modeling
closely mimics the structure inferred by Zhou (2013) rather than the one

inferred by Rao and Rao (1999).

The gravity anomaly in Figure 3.6a is also interpreted using UDF by
letting 4 = 0. In this case, the algorithm took 11 iterations before it got
terminated as the resulting misfit attained a value more than its preceding
value. The modeled gravity anomaly with UDF is shown in Figure 3.6a and
the corresponding depth structure in Figure 3.6b. The changes in misfit
are shown in Figure 3.6d. In this case, the estimated thickness of the
basin at the borehole location is too small (1.67 km) to account for the
total thickness of sediments revealed from drilling and hence the UDF is

inappropriate in such modeling.

3.5.2 Inversion

(a) Synthetic example — interpretation of noisy gravity anomalies

The applicability of the inversion is illustrated with the same gravity
anomaly, which was interpreted in the previous section 3.5.1a by
automatic modeling. For such an inversion, the algorithm had performed
1589 iterations before it got terminated as the misfit (equation 1.21)
reached to a predefined allowable error of 1E-O5 from its initial value of
50.74. The changes in misfit with iteration are shown graphically in
Figure 3.7c. In this case, the misfit drastically reduced from 50.74 for the
initial model to 0.001 at the end of the 37t iteration (Figure 3.7c), beyond
which the convergence rate is relatively slow in comparison with the

automatic modeling (Figures 3.5d and 3.7c).
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Synthetic example - 2.5-D inversion
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Figure 3.7 (a) Noisy residual and modeled gravity anomalies by inversion in case of EDF and UDF.
(b) Assumed and estimated depth structures by inversion. The tonal variation from yellow to red
within structure indicates the decrease in density contrast as in the case of Figure 2.5b.

(c) Variation of misfit with iteration number.
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The modeled gravity anomaly subsequent to inversion and the
estimated structure of the basin corresponding to the obtained minimum
misfit are shown in Figures 3.7a and 3.7b along with the observed gravity
anomaly and the assumed structure. The inferred depth estimates of the
structure and the nature of fit between the observed and modeled gravity
anomalies do not show appreciable changes subsequent to the concluding
iteration. It is to be noticed from Figure 3.7b that the estimated structure
closely mimics the assumed structure even in the presence of significant
level of pseudorandom noise in the anomaly. The maximum thickness of
the basin estimated from present inversion (4.096 km) precisely coincides
with the maximum thickness inferred from modeling and also compares
sensibly well with the assumed depth of 4.0 km. In short, the gravity
anomaly of the synthetic model analyzed both by automatic modeling and

inversion yields exactly the same results.

Furthermore, the gravity anomaly shown in Figure 3.7a is also
inverted with UDF (-0.35 g/cm3) by setting 4 to zero. In this case, the
algorithm took 19 iterations before it got terminated as the misfit reached
almost to zero from its initial value of 34.3. The modeled gravity anomaly
and the derived depth structure of the basin are shown in Figures 3.7a

and 3.7b for comparison.

It can be observed from Figure 3.7a that the modeled gravity
anomaly of both EDF and UDF fit equally the observed anomaly; however,
the inverted structure with EDF closely mimics the actual one while with

CDF it doesn’t. Further, structures inverted both with EDF and UDF
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coincide with each other at the extremities of the profile, while at the
center of the basin; the structure with UDF is grossly underestimated.

Hence, UDF is not appropriate in such application.

(b) Field example — Chintalpudi subbasin, India

The inversion is illustrated with the field gravity anomaly of the
Chintalpudi subbasin in India (Figure 3.8a) using both EDF and UDF and
the interpretations are shown in Figure 3.8. The same anomaly is
interpreted in the previous section by automatic modeling. When the
gravity anomaly is subjected to inversion with EDF, no significant changes
in the depth estimates of the basin are observed beyond the 82rd iteration.
The algorithm got terminated after the 82nd iteration as the misfit function
attained an allowable error of 1E-05. The modeled gravity anomaly
subsequent to inversion is shown in Figure 3.8a and the inverted depth
structure of the basin in Figure 3.8b, respectively. The magnitude of
residuals is below = 0.23 mGals as observed in the case of modeling
(Chakravarthi et al., 2013c). The inversion yields the maximum thickness
of the basin as 2.965 km exactly corresponding to the 20t km along the
profile and compares excellently well with the drilling depth of 2.935 km.
Further, the shallow basement of 0.55 km estimated around 36th km from
both automatic modeling and inversion agrees well with several bores

drilled within the area for groundwater exploitation.

On the other hand, when UDF is used in the inversion, the
algorithm performed only 12 iterations as the new misfit corresponding to

the structure at the end of the 12th iteration had exceeded its previous
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Field example - 2.5-D Inversion
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Figure 3.8 (a) Observed (after Rao and Rao, 1999) and modeled gravity anomalies by inversion in
case of EDF and UDF, Chintalpudi sub-basin, India. (b) Estimated depth structures by inversion
using EDF and UDF . Inferred configurations of the basin by Rao and Rao (1999) and Zhou
(2013) are also shown for comparison. The description for tonal variation from yellow to red
within the structure is given in Figure 2.5b. (c) Variation of misfit with iteration number.
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value. The changes in misfit with iteration number are shown in Figure
3.8c; whereas the modeled gravity anomaly after the inversion in Figure
3.8a and the inferred depth structure in Figure 3.8b, respectively. The
inferred thickness of 1.65 km for the basin at the existing borehole

location is unacceptable, and hence the UDF is inappropriate.

Thus the gravity anomaly analyzed both by automatic modeling and
inversion yield more or less the same results. That is in the case of EDF;
modeling results a thickness of the basin as 2.913 km, while inversion
2.965 km against the drilling depth of 2.935 km. On the other hand, with
UDF the depth obtained from modeling is 1.67 km and inversion 1.65 km,

which is more or less the same.

3.6 Results and Discussion

Automatic modeling and inversion when implemented with EDF on
synthetic examples, these schemes successfully recovered the structure
with modest deviation even in the presence of pseudorandom noise,

whereas with UDF, a distinct deviation in depth structure is noticed.

The field gravity anomaly of Chintalpudi sub-basin, India when
subjected to both automatic modeling and inversion with EDF results a
similar depth structure in line with available drilling information,
however, a disturbed picture of depth structure in case of UDF. Modeling
and inversion of both synthetic and real field anomalies reveal that
automatic modeling takes less time for analysis than inversion. The

salient feature of both automatic modeling and inversion is that they are
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fairly and equally applicable even the profile does not bisect the strike

length of the sedimentary basins.
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Appendix 3.1 - MODTOHAFSD

"MODTOHAFSD : A GUI based JAVA code for gravity analysis of strike limited sedimentary basins with
exponential density function™.

The system requirements to run the program are:-

Java Development kit(Jdk)1.6 & above
RAM : 512 MB.
Disk space: 70 MB.

package com.modtohafsd.view;

import java.awt.*;

import java.awt.event_WindowAdapter;

import java.awt.event._WindowEvent;

import java.io.File;

import javax.swing.JFrame;

import javax.swing.JOptionPane;

import com.modtohafsd.control _MODTOHAFSD_Controller;
import com.modtohafsd.model .MODTOHAFSD_CalculateValues;

public class MODTOHAFSD_MainView extends Frame{

private static final long serialVersionUID = 1L;
public static void main(String s[1)

MODTOHAFSD_MainView cm = new MODTOHAFSD_MainView();
cm.setSize(1280, 768);
cm.addWindowListener(new WindowAdapter(){
public void windowClosing(WindowEvent e){
JFrame frame = null;
int r = JOptionPane.showConfirmDialog(
frame,
"Exit MODTOHAFSD ?',
“"Confirm Exit ",
JOptionPane.YES_NO_OPTION);
if(r == JOptionPane.YES_OPTION ){
iF(MODTOHAFSD_Controller.success == false){
String fileName = MODTOHAFSD_CalculateValues.input_area_name+"_jpg";
File f = new File(FileName);
f.delete();

System.exit(0);
}

}
s i
cm.setTitle(""MODTOHAFSD™);
cm.setResizable(true);
cm.add(new MODTOHAFSD_MainPanel(cm));
cm.setVisible(true);

package com.modtohafsd.view;

import java.awt.*;

import java.io.*;

import java.util.HashMap;

import javax.swing.JFileChooser;

import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
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import com.modtohafsd.util _MODTOHAFSD Utility;
import com.modtohafsd.view.constant.*;
import com.modtohafsd.view.event MODTOHAFSD_ PlotReg;

public class MODTOHAFSD_MainPanel extends Panel {

/**

*/

private static final long serialVersionUID = 1L;
static Panel p_North;

public static Panel p_East;

public static Panel p_Center;

public static TextField inputValues [] = new TextField[15];
public static TextArea img = new TextArea(46,140);
public static TextArea Im = new TextArea(46,140);
public static TextArea Iml = new TextArea(46,140);
public static TextArea Im2 = new TextArea(46,140);
public static Object lamb[][];

public static double arr[];

public static Label graphLabel;

Object rowdata[][1={}:

/**Field Area Name*/

final static int AREA FE = O;
/**1terations*/

final static int ITE_RAT = 1;
/**Number of observations*/
final static int N_OBS = 2 ;
/**Distance(km)*/

final static int X KM = 3;
/**Elevations(km)*/

final static int ELE_KM = 4;
/**observed anomalies*/

final static int NOB_GOB = 5;
/**Minimum anomaly*/
final static int MIN_ANO = 6;
/**Maximum anomaly*/
final static int MAX_ANO = 7;

/**Allowable Error*/

final static int AL_ERR = 8;
/**Maximum Depth*/

final static int DEP_ZMAX = 9;

public MODTOHAFSD_MainPanel (MODTOHAFSD_MainView cm){
this.setLayout(new BorderLayout());

p_East = new Panel ();

p_Center = new Panel();

p_North = new Panel Q;

graphLabel = new Label(""GRAVITY MODELING OF 2.5-D SEDIMENTARY BASINS USING EXPONENTIAL
DENSITY FUNCTION™, Label .CENTER);

graphLabel .setFont(new Font("Arial', 10, 18));

p_Center.add(graphLabel);

for(int 1 = 0; 1 < 10; i++){
inputValues[i] = new TextField();

}

MODTOHAFSD_MainPanel _populateNorthPanel ();
MODTOHAFSD_TableView.populateEastPanel (rowdata);
this.add(p_North, BorderLayout.NORTH);
p_Center.setSize(1000, 760);
this.add(p_Center, BorderLayout.CENTER);
img.setEditable(false);

p_Center.add(img);

this.add(p_East, BorderLayout.EAST);
this.setVisible(true);

MenuBar mb = new MenuBar();
cm.setMenuBar(mb);

Menu File = new Menu('File™);

Menu file2 = new Menu(**Model information'™);

115



Menu File3 = new Menu("Interpretation™);
Menultem i1,i2,i3,i5,i6,i7,i18,121,i23,i10;
file.add(il new Menultem('New'));

file.add(i2 new Menultem('Load file™));
file.add(i3 new Menultem('Save file™));
file.add(i5 new Menultem('Clear'™));
file.add(i6 new Menultem(Exit™));

Menu off = new Menu('Offset™);

Menultem offl,off2;

off.add(offl = new Menultem(''Constant offset'));
off.add(off2 = new Menultem(*Variable offset™));
file2_add(off);

Menu half = new Menu("'Half strike™);

Menultem hl,h2;

half.add(hl = new Menultem('Constant half strike'™)
half.add(h2 = new Menultem('Variable half strike™));
file2_add(half);

file2_addSeparator();

file2_add(i7 = new Menultem(*'Surface density & Lambda'));

Menu reg = new Menu('Regional™);

Menultem rl,r2;

reg.add(rl = new Menultem(''Constant regional’));

reg.add(r2 = new Menultem(*'Variable regional™));

file3._add(reg);

file2.addSeparator();

file3.add(i23 = new Menultem(''Draw/Edit polynomial™));
file2_addSeparator();

Menu mod = new Menu(“Analysis™);

Menultem ml,m2;

mod.add(ml = new Menultem('Modeling'));

mod.add(m2 = new Menultem(Inversion'™));

file3_.add(mod);

file3.add(i21l = new Menultem("'Save and Print™));

Menu help = new Menu("Help'™);

help.add(i1l0 = new Menultem('Flow module™));

help.add(i8 = new Menultem(*'Readme’™));

mb.add(file);

mb.add(file2);

mb._add(file3);

mb.add(help);

il.addActionListener(new com.modtohafsd.control _MODTOHAFSD_ Controller());
i2.addActionListener(new com.modtohafsd.control _MODTOHAFSD_Controller()):
i3.addActionListener(new com.modtohafsd.control _MODTOHAFSD_Controller());
i5.addActionListener(new com.modtohafsd.control _MODTOHAFSD_Controller()):
i6.addActionListener(new com.modtohafsd.control _MODTOHAFSD_ Controller());
i7.addActionListener(new com.modtohafsd.control _MODTOHAFSD_Controller());
offl._addActionListener(new com.modtohafsd.control _MODTOHAFSD_Controller());
off2.addActionListener(new com.modtohafsd.control _MODTOHAFSD_Controller());
hl.addActionListener(new com.modtohafsd.control _MODTOHAFSD_ Controller());
h2_addActionListener(new com.modtohafsd.control _MODTOHAFSD_Controller());
rl_addActionListener(new com.modtohafsd.control _.MODTOHAFSD_Controller());
r2_addActionListener(new com.modtohafsd.control .MODTOHAFSD_Controller());
ml.addActionListener(new com.modtohafsd.control .MODTOHAFSD_Controller());
m2.addActionListener(new com.modtohafsd.control .MODTOHAFSD_Controller());
i21_addActionListener(new com.modtohafsd.control .MODTOHAFSD_Controller());
i23_addActionListener(new com.modtohafsd.control .MODTOHAFSD_Controller());
i10.addActionListener(new com.modtohafsd.control .MODTOHAFSD_Controller());
i8.addActionListener(new com.modtohafsd.control _MODTOHAFSD_Controller());

o/ \o/
winua

public static void populateNorthPanel O{
p_North._setLayout(new GridLayout(5,3));

p_North.add(new Label(*"Area /Profile™));
p_North._add(inputValues[0]);

p_North_add(new Label(*'Number of iterations'));
p_North._add(inputValues[1]);

p_North.add(new Label(*'Number of observations'™));
p_North._add(inputValues[2]);

p_North_add(new Label(*'Station interval (km)'™));
p_North._add(inputValues[3]);

p_North.add(new Label("Elevations(km)'™));
p_North._add(inputValues[4]);

p_North_add(new Label(*'Observed anomalies (mGal)'™));
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}

p_North.
p_North.
p_North.
p_North.
p_North.
p_North.
p_North.
p_North.
p_North.

add(inputValues[5]);

add(new Label(""Minimum anomaly (mGal)'));
add(inputValues[6]);

add(new Label("Maximum anomaly (mGal)™));
add(inputvalues[7]);

add(new Label("'Permissible error'));
add(inputValues[8]);

add(new Label("Maximum permissible depth (km)™));
add(inputValues[9]);

public static HashMap captureValues(){

}

HashMap

try {

h_Map = new HashMap(Q);

h_Map-put("'N_OBS", inputValues[N_OBS].getText());
h_Map.put("'X_KM™, inputValues[X_KM].getText());
h_Map.put("'ELE_KM"™, inputValues[ELE_KM].getText());
h_Map.put("'NOB_GOB™, inputValues[NOB_GOB].getText());
h_Map -put(""MIN_ANO™, inputValues[MIN_ANO].getText());
h_Map.put(""MAX_ANO™, inputValues[MAX_ANO].getText());
h_Map.put("’AL_ERR™, inputValues[AL_ERR].getText());
h_Map.put("'DEP_ZMAX", inputValues[DEP_ZMAX].getText());
h_Map -put(""AREA_FE", inputValues[AREA_FE].getText());
h_Map.put(C'ITE_RAT", inputValues[ITE_RAT] .getText());

}
catch (Exception e) {
e._printStackTrace();

}

return h_Map;

public static void clearPanel (TextArea p) {

}

Graphics g = p-getGraphics(Q);
g-setColor(Color _WHITE);
g-FillRect(0, 0, 1280, 650);

public static void loadData(){

s

st

"+st);

+st);

try{

String current = System.getProperty(user.dir’™);
JFileChooser chooser=new JFileChooser(current);

int
int

returnVal = chooser.showOpenDialog(null);
count = O;

if(returnval == JFileChooser . APPROVE_OPTION) {

File ¥ = chooser.getSelectedFile();

BufferedReader br=new BufferedReader(new FileReader(f));
String st;

st = br.readLine(Q);

count++;

while((st)1=nul ){

try {
if (count==1){

MODTOHAFSD_MainPanel . inputValues[MODTOHAFSD_MainPanel .AREA_FE] .setText

}
if (count==2){

MODTOHAFSD_MainPanel . inputValues[MODTOHAFSD_MainPanel . ITE_RAT].setText

%f (count==3){

MODTOHAFSD_MainPanel . inputValues[MODTOHAFSD_MainPanel .N_OBS] .setText ("

%f (count==4){

MODTOHAFSD_MainPanel . inputValues[MODTOHAFSD_MainPanel . X_KM] .setText ("""
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st ;

st

s

s

st);

t(+st);

T (count==5){
MODTOHAFSD_MainPanel _ inputValues[MODTOHAFSD _MainPanel _.ELE_KM].setText(

f (count==6){
MODTOHAFSD_MainPanel _ inputValues[MODTOHAFSD_MainPanel _NOB_GOB] .setText

T (count==7){
MODTOHAFSD_MainPanel _ inputValues[MODTOHAFSD_MainPanel _.MIN_ANO] .setText

T (count==8){
MODTOHAFSD_MainPanel . inputValues[MODTOHAFSD_MainPanel _.MAX_ANO] .setText

f (count==9){
MODTOHAFSD_MainPanel _ inputValues[MODTOHAFSD MainPanel _AL_ERR] .setText(

T (count==10){
MODTOHAFSD_MainPanel . inputValues[MODTOHAFSD_MainPanel .DEP_ZMAX] -setTex

T (count==11){

MODTOHAFSD_LambInt.sdval = MODTOHAFSD_Utility.convertDouble(st);
}
if (count==12){

MODTOHAFSD_LambInt.lamval = MODTOHAFSD_Utility.convertDouble(st);
}
iT (count==13){

MODTOHAFSD_GetConstOff.input_y km =

MODTOHAFSD_Utility.convertDoubleArray(st);

}
iT (count==14){
MODTOHAFSD_GetConstHaf. input_strike_km =

MODTOHAFSD_Utility.convertDoubleArray(st);

}
if (count==15){
MODTOHAFSD_CalculateValues.len =

MODTOHAFSD_Utility.convertinteger(st);

}
ifT (count==16){
MODTOHAFSD_PlotReg.val = MODTOHAFSD_Utility.convertDoubleArray(st);

}
if (count==17){
MODTOHAFSD_PlotReg.vall = MODTOHAFSD_Utility.convertDoubleArray(st);

if (count==18){
MODTOHAFSD_GetDegPoly . input_deg_poly =

MODTOHAFSD_Utility.convertinteger(st);
}

if (count==19){
MODTOHAFSD_CalculateValues.d_cftnt_arr =

MODTOHAFSD_Utility.convertDoubleArray(st);

if (count==20){
MODTOHAFSD_GetConstReg. input_reg_val =

MODTOHAFSD_Utility.convertDoubleArray(st);

}

}

}

}
catch(Exception e) {

e.printStackTrace();

}
st = br.readLine();
count++;

}
catch(Exception e){

}
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public static void clearDefaultValues(){

inputValues[N_OBS].setText('""");
inputValues[X_KM].setText("""");
inputValues[ELE_KM].setText("'"");
inputValues[NOB_GOB].setText('""");
inputValues[MIN_ANO].setText("""");
inputValues[MAX_ANO].setText('""");
inputValues[AL_ERR].setText("'"");
inputValues[DEP_ZMAX] .setText("""");
inputValues[AREA FE].setText('""");
inputValues[ITE_RAT].setText('""");

package com.modtohafsd.view;

import java.applet.Applet;

import java.awt.*;

import java.awt.geom.Line2D;

import java.awt.geom.Rectangle2D;

import java.text.DecimalFormat;

import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
import com.modtohafsd.util _MODTOHAFSD _Utility;

import com.modtohafsd.view.constant_MODTOHAFSD_GetConstReg;

public class MODTOHAFSD_DrawGraph extends Applet {
/**

*/
private static final long serialVersionUID = 1L;

float maxZ,maxX,maxyY,diff;
public static double[] fc;
double obs[];

public void drawGraph(Graphics2D g2) {

g2.setFont(new Font(Arial™, 20, 12));

g2.setColor(Color.BLACK);

maxX (float) MODTOHAFSD_CalculateValues.x[MODTOHAFSD_CalculateValues. input_n_obs];
diff (float) ( MODTOHAFSD_CalculateValues.input_ddx_km / 2);

diff = (float) (450 * diff / maxX);

g2.draw(new Line2D.Float(150-diff, 50 + 20,150-diff , 550 + 20));

g2.drawLine(70, 45, 1040, 45);

g2.drawString("'DISTANCE(km)**, 490, 315);

String []a:{"A", llNll, IIOII, llMll, IIAII, llLll, IIYII, ll(mll, llGll, llall, llIll, IIS)ll};
String [Qb={"D", "E", "P", "T", "H", "(k", "m)"};

for (int i = 0; 1 < a.length; i++) {

g2.drawString("""+a[i], 80, 20 + 60 + (i * 20 ) );
}

for (int 1 = 0; 1 < b_.length; i++) {

g2.drawString(""""+b[i], 80, 20 + 350 + (1 * 20 ) );
}

¥
public void plot(Graphics2D g) {

g.-setFont(new Font("Arial™, 20, 12));

g-setColor(Color.black);

maxX = (Float) MODTOHAFSD_CalculateValues.x[MODTOHAFSD_CalculateValues.input_n_obs];
maxY = (Ffloat) MODTOHAFSD_CalculateValues.input_min_ano;

double inidep = MODTOHAFSD_Utility.findMaximumNumberl1(MODTOHAFSD_CalculateValues.o_dep);
maxZ = (Float) inidep;

DecimalFormat df = new DecimalFormat(*'0.#");

119



diff (float) ( MODTOHAFSD_CalculateValues.input_ddx_km / 2);

diff (float) (450 * diff / maxX);

g-drawString(''0",120-diff,120);

g-drawString(''-"",146-diff,124);
g.-drawString(""""+MODTOHAFSD_CalculateValues. input_max_ano ,115-diff,70);
g.drawString(''-"",146-diff,74);

g-drawString('|™, 600, 330);

g-drawString( " '+df.format(MODTOHAFSD_CalculateValues.x[MODTOHAFSD_CalculateValues.input_n_

obs]),597,350);

float points = maxX 7/ 5;

int zInterval=50;

DecimalFormat ¥ = new DecimalFormat(*'0.#");

int xInterval=90;

g-drawString(''|",150 , 330);

g-drawString(''0"",147, 350);

for (int x = xInterval, j = 1; x < 600; x+=xInterval) {

itfg > 4)
break;
g-drawString('*|",150 + x, 330);
g.drawString(""" + f.format(points*j), 147 + x, 350);
J++;

float point = maxZ /7 5 ;
for (int x = zInterval + 250, = 1; x < 550; x+=zlnterval) {

g.drawString('-", 146-diff, 50 + x + 23);
g-drawString('""" +df._format(point * j), 115-diff, 50 + x +20);
J++;

public void plotXYCoordinates (Graphics2D g2){

g2.setFont(new Font(“Arial', 20, 12));

float maxY1l;

float prevx 150;

float prevy = 0;

float prevyl = 0;

if (MODTOHAFSD_CalculateValues.o_gc[1] < 0){

maxY1l = (float) MODTOHAFSD_CalculateValues.input_min_ano;

prevy = 120 + (float)( ( 200 * (MODTOHAFSD_ CalculateValues in_gob[1]) 7/ maxYl ) );
else{

maxY1l = (Float) MODTOHAFSD_CalculateValues. input_max_ano;

prevy = 120 - (float)( ( 50 * (MODTOHAFSD_CalculateValues.in_gob[1]) / maxY1l ) );

}
if (MODTOHAFSD_CalculateValues. input_nob_gob[1] < 0){
maxY1l = (Float) MODTOHAFSD_CalculateValues.input_min_ano;

prevyl = 120 + (float)( ( 200 * (MODTOHAFSD_ CalculateVaIues input_nob_gob[1]) / maxY1l

) );

else{
maxYl = (Float) MODTOHAFSD_CalculateValues. input_max_ano;

prevyl = 120 - (Float)( ( 50 * (MODTOHAFSD_CalculateValues.input_nob_gob[1]) / maxY1l )

);
}

float xpoint
float ypoint ;
float gypoint = 0;
float gpoint = 0;

1
oo

for (int k = 1; k <= MODTOHAFSD_CalculateValues.input_n_obs; k++) {

xpoint = (float)( 450 * MODTOHAFSD_CalculateValues.x[k] /7 maxX);
//ypoint = (float)( ( 200 * MODTOHAFSD_CalculateValues.o_gc[k] 7 maxY ) );
//gypoint = (float)( (200 * MODTOHAFSD_CalculateValues.in_gob[k] 7/ maxY ) );

if (MODTOHAFSD_CalculateValues. input_nob_gob[k] < 0){

maxY1l = (Float) MODTOHAFSD_CalculateValues. input_min_ano;
gpoint = 120 + (float)( ( 200 * (MODTOHAFSD_CalculateValues.input_nob_gob[K]) /
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maxYl ) );

else{
maxYl = (Float) MODTOHAFSD_CalculateValues. input_max_ano;
gpoint = 120 - (float)( ( 50 * (MODTOHAFSD_CalculateValues. input_nob_gob[k]) 7/

maxYl ) );
}
iT (MODTOHAFSD_CalculateValues.o_gc[k] < 0){
maxY1l = (Float) MODTOHAFSD_CalculateValues. input_min_ano;
ypoint = 120 + (float)( ( 200 * (MODTOHAFSD_CalculateValues.o_gc[k]) 7/ maxYl ) );
else{
maxY1l = (Float) MODTOHAFSD_CalculateValues. input_max_ano;
ypoint = 120 - (float)( ( 50 * (MODTOHAFSD_CalculateValues.o_gc[k]) 7/ maxY1l ) );
}
iT (MODTOHAFSD_CalculateValues.in_gob[k] < 0){
maxY1l = (Float) MODTOHAFSD_CalculateValues. input_min_ano;
gypoint = 120 + (float)( ( 200 * (MODTOHAFSD_CalculateValues.in_gob[k]) / maxY1l )
)
else{
maxY1l = (Float) MODTOHAFSD_CalculateValues. input_max_ano;
gypoint = 120 - (float)( ( 50 * (MODTOHAFSD_CalculateValues.in_gob[k]) /7 maxY1l )
)
}
g2.setFont(new Font(Arial™, 20, 20));
g2.setColor(Color.DARK_GRAY);
g2.draw(new Line2D.Float(prevx, prevy, 150 + xpoint, gypoint ));
g2.setColor(Color.RED);
g2.draw(new Line2D.Float(prevx, prevyl, 150 + xpoint, gpoint ));
g2.setColor(Color.BLUE);
g2.setFont(new Font(“Arial', 20, 40));
g2.drawString(".", 150 + xpoint -6 , ypoint + 3);
prevx = 150 + xpoint;
prevy = gypoint;
prevyl = gpoint;
¥

public void plotXPoly (Graphics2D g2,int diff,int mul,int mull) {

int i_no_obs = MODTOHAFSD_CalculateValues.input_n_obs;
obs = new double[i_no_obs + 1];
for (int i = 1; i <= i_no_obs; i++) {

obs[i] = MODTOHAFSD_CalculateValues._x[i];

}
maxX = (float) obs[i_no_obs];
float s = O;
fc = new double[i_no_obs + 1];
float spoint = 150;
float fcpoint ;
if (MODTOHAFSD_CalculateValues.d_cftnt_arr[1]<0){
maxY = (Ffloat) (MODTOHAFSD_CalculateValues. input_min_ano);
fcpoint = diff + (float)( mul * MODTOHAFSD_CalculateValues.d_cftnt_arr[1] / maxY);

else{
maxY = (Float)Math.abs(MODTOHAFSD_CalculateValues. input_max_ano);
fcpoint = diff - (float)( mull * MODTOHAFSD_CalculateValues.d_cftnt_arr[1] / maxY);

b
float xpoint = 0;

float ypoint = 0;
for (int j = 1;j <= i_no_obs; j++) {
fcyl = O;

for (int j = 1; jJ <= i_no_obs; j++) {
s = (float) MODTOHAFSD_CalculateValues.x[j];

for (int 1 = 1; i<=MODTOHAFSD_CalculateValues.i_d_poly + 1; i++){
fc[j] = (float) (fc[j] + MODTOHAFSD_CalculateValues.d_cftnt_arr[i] * Math_pow(s,
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- 1);
MODTOHAFSD_GetConstReg. input_reg_val[j] = fc[i]:;

}

xpoint = (float)( 450 * s / maxX);

if(fc[j1<0){
maxY = (Ffloat) (MODTOHAFSD_CalculateValues.input_min_ano);
ypoint = diff + (float)( mul * fc[j] 7/ maxY);

else{
maxY = (Float)Math.abs(MODTOHAFSD_CalculateValues. input_max_ano);
ypoint = diff - (float)( mull * fc[J] 7/ maxY);

g2.setColor(Color.GREEN);

g2.draw(new Line2D.Float(spoint, fcpoint, (float)1l50 + xpoint, ypoint));
spoint = (float) 150 + xpoint;

fcpoint = ypoint;

public void plotZCoordinates (Graphics2D g2) {

g2.setFont(new Font(“Arial™, 20, 12));

float xpoint = 0;

float xpointl = 0;

float zpoint = 0;

g2.setColor(Color.BLACK);

g2.drawString('0"", 105,330);

DecimalFormat f = new DecimalFormat('0.#");

int ylnterval=50;

float points = maxY 7/ 4;

for (int x = yInterval, j = 1; x < 250; x+=ylnterval){

g2.drawString(*'-"", 146-diff, 100 + x + 24);
g2.drawString("" + f.format(points * j), 115-diff, 100 + x + 20);
J++;

}
g2.setColor(Color.RED);
g2.fill(new Rectangle2D._Float(150-diff, 321, 450+diff+diff , 250 ));
Color col[] =
{Color.YELLOW,Color_.PINK,Color_.ORANGE,Color.PINK,Color.YELLOW,Color.ORANGE,Color .WHITE,Col
or.PINK,Color.YELLOW,Color _ORANGE,Color_WHITE};
Color coll[] =
{Color.MAGENTA,Color.GREEN,Color.BLUE,Color.BLUE,Color.CYAN,Color.BLUE,Color.GREEN,Color.C
YAN,Color.GREEN,Color.DARK_GRAY,Color.MAGENTA};
for (int i = 0; i1 < MODTOHAFSD_CalculateValues.input_lambda_st; i++){

for (int k = 1; k <= MODTOHAFSD_CalculateValues.input_n_obs; k++) {

if(i>11){
col[i] = Color.YELLOW;
coll[i] = Color.MAGENTA;

diff (float) ( MODTOHAFSD_CalculateValues.input_ddx_km / 2);

diff (float) (450 * diff / maxX);

xpoint = (float) (450 * MODTOHAFSD_CalculateValues.x[k] 7/ maxX);

it (k == 1){
GradientPaint gradient = new GradientPaint(10, 10, Color.YELLOW, 30, 200,

Color _.MAGENTA, true);

g2.setPaint(gradient);
zpoint =(float) (250 * MODTOHAFSD_CalculateValues.o_dep[k] 7/ maxZ);
g2.Fill(new Rectangle2D.Float(150-diff, 320,diff+diff, zpoint ));
//7g2_fill(new Rectangle2D._Float(150+xpoint, 320, diff, zpoint ));

else{
i F(k<MODTOHAFSD_CalculateValues.input_n_obs) {
xpointl = (float) (450 * MODTOHAFSD_CalculateValues.x[k+1] / maxX);

}

zpoint =(float) (250 * MODTOHAFSD_CalculateValues.o_dep[k] /7 maxZ);

GradientPaint gradient = new GradientPaint(10, 10, col[i], 30, 200, coll[i],
true);

g2.setPaint(gradient);
g2.Fill(new Rectangle2D.Float(150+xpoint-diff ,320,xpointl-xpoint, zpoint ));
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i f(k==MODTOHAFSD_CalculateValues. input_n_obs){
zpoint =(float) (250 * MODTOHAFSD_CalculateValues.o_dep[k]/ maxZ);
g2.fill(new Rectangle2D_Float(150+xpoint-diff, 320,diff+diff, zpoint ));
//792.Fill(new Rectangle2D.Float(150+xpoint-diff ,320,diff, zpoint ));

}

}
g2.setColor(Color.BLACK);
g2.draw(new Line2D.Float(150-diff, 320, 600+diff, 320 ));

}
public void plotZCoordinatesele (Graphics2D g2) {

g2.setFont(new Font(“Arial™, 20, 12));
DecimalFormat ¥ = new DecimalFormat(*'0.#");
int ylnterval=50;
float points = maxY / 4;
for (int x = yInterval, j = 1; x < 250; x+=ylnterval){
if(g>3)
break;
g2.drawString(''-"", 146-diff, 100 + x + 24);
g2.drawString(" + f.format(points * j), 115-diff, 100 + x + 20);
J++;

}

float maxEle = (float)

MODTOHAFSD_Uti lity. findMaximumNumberl1(MODTOHAFSD_CalculateValues. input_ele_km);
maxEle = Math.abs(maxEle);

float xpoint = 0;

float prevx = 150;

float elepoint[] = new Float[MODTOHAFSD_ CalculateValues.input_n_obs+1];

float preelepoint[] = new Float[MODTOHAFSD_CalculateValues.input_n_obs+1];
float dis[] = new float[MODTOHAFSD_CalculateValues.input_n_obs+1];

float predis[] = new float[MODTOHAFSD_CalculateValues.input_n_obs+1];

float preele = 320 - (float)( ( 25 * Math.abs(MODTOHAFSD_CalculateValues.input_ele_km[1])
/ maxEle ) );

float xpointl = 0;

float zpoint = 0;

g2.setColor(Color.RED);

g2.Fill(new Rectangle2D.Float(150-diff, 295, 450+diff+diff , 275 ));
Color col = Color.YELLOW;

Color coll = Color.MAGENTA;

for (int k = 1; k <= MODTOHAFSD_CalculateValues.input_n_obs; k++) {

diff (float) ( MODTOHAFSD_CalculateValues.input_ddx_km / 2);

diff (float) (450 * diff / maxX);

xpoint = (float) (450 * MODTOHAFSD_CalculateValues._x[k] / maxX);

//elepoint[k] = (float) (25 * Math.abs(MODTOHAFSD_ CalculateValues.input_ele_km[k]) 7/

maxEle) ;

if (k == 1){
GradientPaint gradient = new GradientPaint(10, 10, col, 30, 190, coll, true);
g2.setPaint(gradient);
zpoint =(float) (275 * MODTOHAFSD_CalculateValues.o_dep[k] 7/ maxZ);
g2.Fill(new Rectangle2D.Float(150-diff, 295,diff+diff, zpoint ));
//g2_fill(new Rectangle2D_Float(150+xpoint, 295, diff, zpoint ));

else{
i F(k<MODTOHAFSD_CalculateValues.input_n_obs) {
xpointl = (float) (450 * MODTOHAFSD_CalculateValues.x[k+1] / maxX);

by

zpoint =(float) (275 * MODTOHAFSD_CalculateValues.o_dep[k] 7/ maxZ);
GradientPaint gradient = new GradientPaint(10, 10, col, 30, 190, coll, true);
g2.setPaint(gradient);

g2.fill(new Rectangle2D.Float(150+xpoint-diff ,295,xpointl-xpoint,zpoint ));

}

i f(k==MODTOHAFSD_CalculateValues. input_n_obs){
zpoint =(float) (275 * MODTOHAFSD_CalculateValues.o_dep[k]/ maxZ);
g2.Fill(new Rectangle2D.Float(150+xpoint-diff, 295,diff+diff, zpoint ));
/792 _fill(new Rectangle2D.Float(150+xpoint-diff 295 diff, zpoint ));

}
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}

for (int k = 1; k <= MODTOHAFSD_CalculateValues.input_n_obs; k++) {
g2.setColor(Color.BLACK);
xpoint = (float) (450 * MODTOHAFSD_CalculateValues.x[k] /7 maxX);
dis[k] = xpoint;
elepoint[k] = 320 - (float) (25 * Math.abs(MODTOHAFSD_CalculateValues.input_ele_km[k])
/ maxEle);
preelepoint[k]= preele;
predis[k]= prevx;
g2.draw(new Line2D.Float(prevx, preele, (float)l50 + xpoint, elepoint[k]));
prevx = 150+xpoint;
preele = elepoint[Kk];

b
for(float 1 = (Float)1.0; i<=25;){
for (int k = 1; k <= MODTOHAFSD_CalculateValues.input_n_obs; k++) {
g2.setColor(Color.WHITE);
g2.draw(new Line2D.Float(predis[k]-diff, preelepoint[k]-i, (Float)l50+dis[k]+diff,
elepoint[k]-i1));

i=(float) (i+0.5);

}

g2.setColor(Color.BLACK);
//9g2.drawLine(150, 50 + 20, 150, 550 + 20);
g2.drawString("'DISTANCE(km)', 333, 315);

public void drawOBJ(Graphics2D g2) {

g2.setFont(new Font(“Arial™, 20, 12));
g2.setColor(Color.BLACK);
g2.drawLine(780, 45, 780, 580);
g2.drawLine(70, 580, 1040, 580);
g2.drawLine(1040, 45, 1040, 580);
g2.drawLine(70, 45, 70, 580);

g2.drawLine(820, 70, 820, 160);
g2.drawLine(820, 160, 910, 160);
g2.drawString(*'J"", 800, 90);

double maxOb = MODTOHAFSD_Uti lity.findMaximumNumberl(MODTOHAFSD_CalculateValues.o_funct);
int ini = MODTOHAFSD_Utility.findMaximumNumber (MODTOHAFSD_ CalculateValues.o_iter);
if(ini == 5)
ini = ini +
int maxiter = (
int point;
int xInterval 22;
point = ( Cini ) / 3 *
for (int x = xlInterval,
if(ini>1000){
g2.drawString(""", 821 + x, 170);
g2.drawString("" + (point * j), 820 + x-20 +(5*j) , 175);

; i < 90 ; x += xlInterval) {

ks
else{
g2.drawString("""", 821 + x, 170);
g2.drawString(""" + (point * j), 820 + x - 3, 175);
¥
J++;
float prevx = 820;
float prevy = 70;
float xpoint = 0;
float ypoint = 0;

DecimalFormat dl1= new DecimalFormat("'0.#####™") ;
for (int i = 1; i <= MODTOHAFSD_CalculateValues.o_iter; i++) {

xpoint (float)( 250 * i / maxiter );
ypoint = 70 + (float) - ( ( 90 * (MODTOHAFSD_CalculateValues.o_funct[i]) /7 maxOb ) );
if(i == MODTOHAFSD_CalculateValues.o_iter){

g2.draw(new Line2D.Float(prevx, prevy, 820 + xpoint - 4, 90 + ypoint));

else {
g2.draw(new Line2D.Float(prevx, prevy, 820 + xpoint, 90 + ypoint));
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prevx
prevy

820 + xpoint;
90 + ypoint;

DecimalFormat d= new DecimalFormat('0.#");

g2.drawString(" "+d.format(MODTOHAFSD_ CalculateValues.o_funct[1]), 780, 70);
g2.drawString("’
""+d1.format(MODTOHAFSD_CalculateValues.o_funct[MODTOHAFSD_CalculateValues.o_iter]), 820 +
xpoint, 90 + ypoint);

g2.setFont(new Font(“Arial', 40,11));

g2.drawString (“'lterations’™,850,186);

}
public void drawSd(Graphics2D g2,Color col,int n) {

g2.setFont(new Font(“Arial™, 20, 12));

g2.setColor(Color.black);

g2.drawLine(780, 200, 1040, 200);

g2.setColor(Color.red);

g2.setFont(new Font(“Arial™, 20, 12));

DecimalFormat d= new DecimalFormat('0.#");

DecimalFormat d1= new DecimalFormat("'0.###");

double inidep = MODTOHAFSD_Utility .findMaximumNumberl(MODTOHAFSD_CalculateValues.o_dep);
maxZ = (float) inidep;

g2.draw(new Line2D.Float(820, 320, 820, 570));

g2.drawString("""'+d.format(inidep), 800, (float)(320 + 250 * inidep / maxZ));
g2.drawString(*'-"",820, (float) (320 + 250 * inidep / maxZ) + 2);
g2.drawString(''0"",807 , 320);

g2.drawLine(820, 320, 910, 320);

double maxObl =
Math.abs(MODTOHAFSD_Uti lity. findMaximumNumberl(MODTOHAFSD CalculateValues.input_sd_val));

DecimalFormat df = new DecimalFormat(*'0.#");

float points = maxZ / 5 ;

int zinterval = 50;

for (int x = zInterval+250,j = 1; x < 550; x+=zlInterval) {

if(i>4)

break;

g2.drawString("-"", 820, 50 + x + 22);
g2.drawString(*""" +df.format(points * j), 800,50 + x + 20);
J++;

}

float prevx = 820+ (float) ( ( 90 * ( Math.abs(MODTOHAFSD_CalculatevValues.vsd[1] )) /
maxObl ) );
float prevy = 320;
float xpoint ;
float ypoint = 0;
for (int i = 1; i <= MODTOHAFSD_CalculateValues.count; i++) {
xpoint = (float)( 90 * Math.abs(MODTOHAFSD_CalculateValues.vsd[i]) / maxObl );
ypoint = (float)( 250 * MODTOHAFSD_CalculateValues.dep[i] /7 maxZ );
g2.setColor(col);
g2.draw(new Line2D.Float(prevx, prevy, 820 + xpoint, 320 + ypoint));
prevx = 820 + xpoint;
prevy = 320 + ypoint;

}

//92 _.drawString(""""+MODTOHAFSD_GetLambdaVal .start[n]+"-""+MODTOHAFSD_GetLambdaVal .end[n],940
,335+n*15) ;

//92 .drawString(""""'+d1. format(MODTOHAFSD_GetLambdaVal . lambda[n] ),990,335+n*15);
g2.setColor(Color.black);

g2.drawString(""""+d1.format(-maxObl ),900 ,320 );

g2.setFont(new Font(“Arial™, 20,15));

g2.drawString(‘"Variation of density contrast ' , 800,235);

g2.drawString("'with depth™ , 850,255);

g2.setFont(new Font(“Arial™, 40,11));

g2.drawString (‘'Density contrast™,830,285);

g2.drawString ('(gm/cc)',843,295);

g2.drawString("Z(km)', 790, (float)( 320+((250*inidep/maxz))/2));
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¥
public void idex(Graphics2D g){

g-setColor(Color.BLUE);

g.setFont(new Font(“Arial’™, 20, 50));
g-drawString("" - .. ",605,190);
g.-setFont(new Font(“Arial™, 20, 12));
g.drawString("'Modeled anomalies',660,190);
g-setColor(Color.RED);

g-drawString(" :',625,120);
g-drawString(*'Bouguer anomalies™,660,120);
g-setColor(Color.DARK_GRAY);
g-drawString("’ :",625,170);
g-drawString(‘'Residual anomalies™,660,170);
g-setColor(Color.GREEN);

g.-drawString("” :'",625,140);
g.drawString(''Assumed/Estimated’,660,140);
g-drawString(’" regional',670,150);
GradientPaint gradient = new GradientPaint(10, 10, Color.yellow, 30, 100, Color.MAGENTA,
true);

g-setPaint(gradient);

g-fillRect(645, 395, 30, 20);
g-setColor(Color.black);
g.-drawString("'Estimated depth ",680,410);
g-drawString('" structure',685,420);
g-setColor(Color.red);

g-fillRect(645, 425, 30, 20);
g.setColor(Color.black);
g.drawString(''Basement '*,680,440);

package com.modtohafsd.view;

import java.awt.*;

import java.awt.event.*;

import javax.swing.*;

import com.modtohafsd.model .MODTOHAFSD_CalculateValues;

import com.modtohafsd.view.getvalues_MODTOHAFSD_ GetHalfstrikeVal;

public class MODTOHAFSD_HalfstrikeVal implements ActionListener {

public static JTable table;

Button bt = new Button('Submit'™);

public static Object haf[][];

public void valQ {
haf = new Object[MODTOHAFSD_CalculateValues.input_n_obs+1][2]:;
com.modtohafsd.view_MODTOHAFSD_MainPanel .p_Center.removeAll();
com.modtohafsd.view.MODTOHAFSD_MainPanel .p_Center.repaint();
Label label = new Label("Column A: Prism number ™, Label.CENTER);
label .setFont(new Font(“Arial™, 10, 18));
Label labell = new Label('Column B: Halfstrike ', Label.CENTER);
labell._setFont(new Font(“Arial™, 10, 18));
MODTOHAFSD_MainPanel .p_Center.add(MODTOHAFSD_MainPanel .graphLabel);
MODTOHAFSD_MainPanel .p_Center.add(label);
MODTOHAFSD_MainPanel .p_Center.add(labell);

table = new JTable(MODTOHAFSD_CalculateValues.input_n_obs, 2);
table.setPreferredScrollableViewportSize(new Dimension(300,300));

JScrollPane scrollPane = new JScrollPane(table);
scrollPane.setAutoscrolls(true);

MODTOHAFSD_MainPanel _p_Center.add(scrollPane);

MODTOHAFSD_MainPanel .p_Center.add(bt);

bt.addActionListener(this);

MODTOHAFSD_MainPanel .p_Center.validate();
com_.modtohafsd.view_MODTOHAFSD_MainPanel .p_Center.setVisible(true);

public void actionPerformed(ActionEvent ae){
if(ae.getActionCommand() -equals('Submit™)){
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MODTOHAFSD_GetHalfstrikeVal ghv = new MODTOHAFSD_GetHalfstrikeval();
ghv.getval();

package com.modtohafsd.view;

import java.awt.*;

import java.awt.event_ActionEvent;

import java.awt.event_ActionListener;

import javax.swing.JScrollPane;

import javax.swing.JTable;

import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
import com.modtohafsd.view.getvalues.MODTOHAFSD_ GetOffsetVal;

public class MODTOHAFSD_OffsetVal implements ActionListener {

public static JTable table;

Button bt = new Button('Submit™);

public static Object off[][]:;

public void val(Q {
off = new Object[MODTOHAFSD_CalculateValues.input_n_obs+1][2];
MODTOHAFSD_MainPanel .p_Center.removeAll();
MODTOHAFSD_MainPanel .p_Center.repaint();
Label label = new Label("'Column A: Prism number ", Label.CENTER);
label .setFont(new Font(“Arial', 10, 18));
Label labell = new Label(*Column B: Offset value ", Label _.CENTER);
labell.setFont(new Font("Arial™, 10, 18));
MODTOHAFSD_MainPanel .p_Center.add(MODTOHAFSD_MainPanel .graphLabel);
MODTOHAFSD_MainPanel _p_Center.add(label);
MODTOHAFSD_MainPanel .p_Center.add(labell);
table = new JTable(MODTOHAFSD_CalculateValues.input_n_obs, 2);
table._setPreferredScrollableViewportSize(new Dimension(300,300));
JScrollPane scrollPane = new JScrollPane(table);
scrol IPane._setAutoscrolls(true);
MODTOHAFSD_MainPanel .p_Center.add(scrollPane);
MODTOHAFSD_MainPanel .p_Center.add(bt);
bt.addActionListener(this);
MODTOHAFSD_MainPanel .p_Center.validate();
MODTOHAFSD_MainPanel .p_Center.setVisible(true);

public void actionPerformed(ActionEvent ae){
if(ae.getActionCommand() -equals('Submit™)){
MODTOHAFSD_GetOffsetVal gfv = new MODTOHAFSD_GetOffsetval();
gfv.getval();

package com.modtohafsd.view;

import java.awt.*;
import javax.swing.JScrollPane;
import javax.swing.JTable;

public class MODTOHAFSD_TableView extends Panel{
/**
*
*/
private static final long serialVersionUID = 1L;
public static TextArea val = new TextArea(5,5);

public static void populateEastPanel(Object rowData[][1) {
MODTOHAFSD_MainPanel .p_East.removeAll();
MODTOHAFSD_MainPanel .p_East.setLayout(new GridLayout(2,1));
Object columnNames[] = {''Distance(km)', "Bouguer anamolies (mGal)","Estimated regional
(mGal)", "Residual anamolies (mGal)', "Modeled anamolies
(mGab)","Error(mGal)","Depth(km)*};
JTable table = new JTable(rowData, columnNames);
table._setPreferredScrollableViewportSize(new Dimension(300,550));
JScrollPane scrollPane = new JScrollPane(table);
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scrollIPane.setAutoscrolls(true);
MODTOHAFSD_MainPanel .p_East.add(scrollPane);
val .setEditable(false);

MODTOHAFSD_MainPanel .p_East._add(val);
MODTOHAFSD_MainPanel .p_East.validate();
MODTOHAFSD_MainPanel .p_East.setVisible(true);

}

public static void populateEastPanell(Object rowData[][]) {
MODTOHAFSD_MainPanel .p_East.removeAll();
MODTOHAFSD_MainPanel .p_East.setlLayout(new GridLayout(2,1));
Object columnNames[] = {"'Distance(km)", "Bouguer anamolies (mGal)","Estimated regional
(mGal)™, "Residual anamolies (mGal)'};
JTable table = new JTable(rowData, columnNames);
table._setPreferredScrollableViewportSize(new Dimension(300,550));
JScrollPane scrollPane = new JScrollPane(table);
scrol IPane._setAutoscrolls(true);
MODTOHAFSD_MainPanel .p_East.add(scrollPane);
val .setEditable(false);
MODTOHAFSD_MainPanel .p_East_add(val);
MODTOHAFSD_MainPanel .p_East.validate();
MODTOHAFSD_MainPanel .p_East.setVisible(true);

package com.modtohafsd.view.constant;

import java.awt.*;

import java.awt.event._*;

import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
import com.modtohafsd.util _MODTOHAFSD Utility;

import com.modtohafsd.view.MODTOHAFSD_MainPanel;

public class MODTOHAFSD_GetConstHaf implements ActionListener{
public int hafval=0;
TextField haf = new TextField(12);
Button bt = new Button(''Submit'™);
public static double input_strike km[] = new double[MODTOHAFSD_CalculateValues.input_n_obs+1];
public void constHaf(){
MODTOHAFSD_MainPanel .p_Center.removeAll();
MODTOHAFSD_MainPanel _p_Center.validate();
MODTOHAFSD_MainPanel .p_Center.repaint();
MODTOHAFSD_MainPanel .p_Center.add(MODTOHAFSD_MainPanel .graphLabel);

MODTOHAFSD_MainPanel _p_Center._.add(new Label(""Halfstrike(km):",Label _LEFT));
MODTOHAFSD_MainPanel .p_Center.add(haf);

MODTOHAFSD_MainPanel .p_Center.add(bt);

bt.addActionListener(this);

MODTOHAFSD_MainPanel _p_Center.validate();

public void actionPerformed(ActionEvent ae){
if(ae.getActionCommand() -equals('Submit™)){

try {
hafval = MODTOHAFSD_Utility.convertinteger(haf.getText());

} catch (Exception e) {
e_printStackTrace();
3
for(int i =1;i<= MODTOHAFSD_CalculateValues. input_n_obs;i++){

input_strike_km[i]= hafval;

package com.modtohafsd.view.constant;

import java.awt.*;
import java.awt.event._*;
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import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
import com.modtohafsd.util _MODTOHAFSD _Utility;
import com.modtohafsd.view_MODTOHAFSD_ MainPanel;

public class MODTOHAFSD_GetConstOff implements ActionListener {
public double offval=0;
TextField offset = new TextField(12);
public static double input_y km[]= new double[MODTOHAFSD_CalculateValues.input_n_obs+1];
Button bt = new Button(''Submit™);
public void constOff(){
MODTOHAFSD_MainPanel .p_Center.removeAll();
MODTOHAFSD_MainPanel .p_Center.validate();
com.modtohafsd.view.MODTOHAFSD_MainPanel .p_Center.repaint();
MODTOHAFSD_MainPanel .p_Center.add(MODTOHAFSD_MainPanel .graphLabel);
MODTOHAFSD_MainPanel _p_Center.add(new Label(*'Offset(km):",Label _.LEFT));
MODTOHAFSD_MainPanel .p_Center.add(offset);
MODTOHAFSD_MainPanel .p_Center.add(bt);
bt.addActionListener(this);
MODTOHAFSD_MainPanel _p_Center.validate();

public void actionPerformed(ActionEvent ae){
if(ae.getActionCommand() -equals('Submit™)){
try {
offval = MODTOHAFSD_Utility.convertDouble(offset.getText());
} catch (Exception e) {

e_printStackTrace();
b
for(int i =1;i<= MODTOHAFSD_CalculateValues.input_n_obs;i++){

input_y km[i]= offval;

package com.modtohafsd.view.constant;

import java.awt.*;

import java.awt.event.*;

import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
import com.modtohafsd.util _MODTOHAFSD _Utility;

import com.modtohafsd.view.MODTOHAFSD MainPanel;

public class MODTOHAFSD_GetConstReg implements ActionListener {

public static double regval=0;

TextField reg = new TextField(12);

Button bt = new Button(''Submit');

public static double input_reg_val[] = null;//new

double[MODTOHAFSD_CalculateValues.input _n_obs+1];

public void constReg(){
input_reg_val=new double[MODTOHAFSD_CalculateValues.input_n_obs+1];
for(int 1 =1;i<= MODTOHAFSD_CalculateValues.input_n_obs;i++){

input_reg_val[i]= O;

}

MODTOHAFSD_MainPanel .p_Center.removeAll();

MODTOHAFSD_MainPanel _p_Center.validate();
com.modtohafsd.view.MODTOHAFSD_MainPanel .p_Center.repaint();
MODTOHAFSD_MainPanel .p_Center.add(MODTOHAFSD_MainPanel .graphLabel);

MODTOHAFSD_MainPanel _p_Center._add(new Label(*'Regional(mGal):"",Label _LEFT));
MODTOHAFSD_MainPanel .p_Center.add(reg);

MODTOHAFSD_MainPanel .p_Center.add(bt);

bt.addActionListener(this);

MODTOHAFSD_MainPanel _p_Center.validate();

public void actionPerformed(ActionEvent ae){
if(ae.getActionCommand() -equals('Submit™)){

try {
regval = MODTOHAFSD_Utility.convertDouble(reg.getText()):
} catch (Exception e) {

e_printStackTrace();
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b
for(int 1 =1;i<= MODTOHAFSD_CalculateValues.input_n_obs;i++){
input_reg_val[i]= regval;

}
MODTOHAFSD_GetDegPoly. input_deg_poly=0;
//MODTOHAFSD_CalculateValues.d_cftnt_arr[1] = regval;

package com.modtohafsd.view.constant;

import java.awt.*;

import java.awt.event._*;

import com.modtohafsd.util _MODTOHAFSD Utility;
import com.modtohafsd.view.MODTOHAFSD_ MainPanel;
import com.modtohafsd.view.event MODTOHAFSD_PlotReg;

public class MODTOHAFSD_GetDegPoly implements ActionListener{

public int polyval=0;

TextField p = new TextField(12);

Button bt = new Button(''Submit'™);

public static int input_deg_poly=0;

public void constHaf(){
MODTOHAFSD_MainPanel .p_Center.removeAll();
MODTOHAFSD_MainPanel _p_Center.validate();
com.modtohafsd.view.MODTOHAFSD_MainPanel .p_Center.repaint();
MODTOHAFSD_MainPanel .p_Center.add(MODTOHAFSD_MainPanel .graphLabel);

MODTOHAFSD_MainPanel _p_Center._.add(new Label(*'Degree of polynomial:",Label _.LEFT));
MODTOHAFSD_MainPanel .p_Center._.add(p);

MODTOHAFSD_MainPanel .p_Center.add(bt);

bt.addActionListener(this);

MODTOHAFSD_MainPanel .p_Center.validate();

public void actionPerformed(ActionEvent ae){
if(ae.getActionCommand() -equals('Submit™)){
try {
polyval = MODTOHAFSD_Utility.convertinteger(p.getText());
} catch (Exception e) {

e._printStackTrace();
}
input_deg_poly = polyval;

MODTOHAFSD_PlotReg pf = new MODTOHAFSD_PlotReg();
Graphics g = MODTOHAFSD_MainPanel.p_Center.getGraphics();
pf.paint(9);

package com.modtohafsd.view.constant;

import java.awt.*;

import java.awt.event.*;

import com.modtohafsd.util _MODTOHAFSD Utility;
import com.modtohafsd.view.*;

public class MODTOHAFSD_LambInt implements ActionListener {

public static double lamval=0;

public static double sdval=0;

public static TextField lam = new TextField(12);

public static TextField sd = new TextField(12);

Button bt = new Button(''Submit');

public void constLamSd(){
MODTOHAFSD_MainPanel .p_Center.removeAll();
MODTOHAFSD_MainPanel .p_Center.validate();
MODTOHAFSD_MainPanel .p_Center.repaint();
MODTOHAFSD_MainPanel _p_Center.add(MODTOHAFSD_MainPanel _.graphLabel);
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MODTOHAFSD_MainPanel .p_Center.add(new Label(*'Surface density
contrast(gm/cc):",Label _.LEFT));

MODTOHAFSD_MainPanel .p_Center.add(sd);

MODTOHAFSD_MainPanel .p_Center.add(new Label("'Lambda(l/km):",Label .LEFT));
MODTOHAFSD_MainPanel .p_Center.add(lam);

MODTOHAFSD_MainPanel _p_Center.add(bt);

bt.addActionListener(this);

MODTOHAFSD_MainPanel .p_Center.validate();

public void actionPerformed(ActionEvent ae){
if(ae.getActionCommand() -equals('Submit™)){
try {
lamval = MODTOHAFSD_Utility.convertDouble(lam.getText());
sdval = MODTOHAFSD_Utility.convertDouble(sd.getText());
} catch (Exception e) {

e._printStackTrace();
}

package com.modtohafsd.view.event;

import java.awt.*;

import java.awt.event.*;

import java.text.DecimalFormat;

import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
import com.modtohafsd.util _MODTOHAFSD_ HandleException;
import com.modtohafsd.view.MODTOHAFSD_MainPanel;

import com.modtohafsd.view_MODTOHAFSD TableView;

import com.modtohafsd.view.event MODTOHAFSD_PlotReg;
import com.modtohafsd.view.graph.MODTOHAFSD_PlainGraph;

public class MODTOHAFSD_EditReg {
public static float zpoint = 0O;
public static int count = 0;
public static MouselListener mll;
com.modtohafsd.view_MODTOHAFSD_DrawGraph dg = new com.modtohafsd.view.MODTOHAFSD_DrawGraph();
MODTOHAFSD_PlainGraph pg = new MODTOHAFSD_PlainGraph();
com.modtohafsd.model .MODTOHAFSD_CalculateValues cv = new
com.modtohafsd.model _.MODTOHAFSD_CalculateValues();

public void paint(Graphics g){
final DecimalFormat ¥ = new DecimalFormat("0.##");
MODTOHAFSD_MainPanel .p_Center.removeAll();
MODTOHAFSD_MainPanel _p_Center._.add(MODTOHAFSD_MainPanel . im2);
MODTOHAFSD_MainPanel . im2_setEditable(false);
MODTOHAFSD_MainPanel . im2.setBackground(Color .WHITE) ;
MODTOHAFSD_MainPanel .p_Center.validate();
cv.getAnamolyValues(com.modtohafsd.view_MODTOHAFSD_ MainPanel .captureValues());
try {

cv.getCoefficients();

} catch (MODTOHAFSD_HandleException e2) {

}

Graphics2D g2 = (Graphics2D)MODTOHAFSD_MainPanel .im2.getGraphics();

g2.setFont(new Font(Arial™, 20, 12));

pg-drawPlainGraph(g2);

dg.plotXPoly(g2,300,250,250);

pg-newAno(g2);

pg-drawPlainGraph(g2);

g2.setColor(Color.black);

float ypoint,maxY;

for(int i = 1;i<= MODTOHAFSD_CalculateValues.len;i++){
float xpoint = (float)
(450*MODTOHAFSD_CalculateValues.d_x_km_arr[1]/MODTOHAFSD_PlainGraph.maxX1);
iF(MODTOHAFSD_CalculateValues.d_z_km_arr[i]<0){

maxY = (Float) (MODTOHAFSD_CalculateValues.input_min_ano);
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ypoint = 300+(float)( 250 * MODTOHAFSD_CalculateValues.d_z_km_arr[i]/ maxY);
else{

maxY = (Float)Math.abs(MODTOHAFSD_CalculateValues. input_max_ano);
ypoint = 300-(float)( 250 * MODTOHAFSD_CalculateValues.d_z_km_arr[i] /7 maxY);

}

g2.setFont(new Font(“Arial', 20, 12));
g2.drawString("(""+Ff.format(MODTOHAFSD_CalculateValues.d_z_km_arr[i])+")",
150+xpoint-8, ypoint-10);

g2.drawString("'X"", 150+xpoint-3, ypoint+3);

mll = new MouseAdapter(){

public void mouseDragged(MouseEvent el) {
DecimalFormat ¥ = new DecimalFormat(*'0.##");

float xer = el.getX();

float yer = el.getY();

float maxAno,ypoint ;

iT(yer>300){
maxAno = (float) MODTOHAFSD_CalculateValues. input_min_ano;
ypoint = (float) (maxAno * (yer - 300) / 250);

else{

maxAno = (float) MODTOHAFSD_CalculateValues. input_max_ano;
ypoint = (float) Math.abs(maxAno * (300 - yer) / 250);

float xpoint =(float) Math.abs((MODTOHAFSD_PlainGraph.maxX1 * (150 - xer)) / 450);
Graphics2D g = (Graphics2D)MODTOHAFSD_MainPanel . im2.getGraphics();
it (yer >= 50 && yer <= 550 && xer >= 150 && xer <= 600){

.setColor(Color.black);

drawString(‘"X-coordinates Y-coordinates'™, 780, 320);
.setColor(Color.red);

_FfillRect(780, 320, 180, 20);

.setColor(Color.black);

-drawString(""'+f.format(xpoint)+"

“+f_format(ypoint)+"", 780, 330);

Qoo Q

pg-drawPlainGraph(g);
dg.plotXPoly(g,300,250,250);

Pg-newAno(g) ;
pg.-drawPlainGraph(g);

public void mousePressed(MouseEvent el) {

float x1 = el.getX();

float yl1 = el.getY();

float diff = (float)
(MODTOHAFSD_CalculateValues.x[MODTOHAFSD_CalculateValues.input_n_obs]/100);

float xer = (float) Math.abs((MODTOHAFSD_PlainGraph.maxX1 * (150 - (x1-3))) /

450);
Graphics2D g2 = (Graphics2D)MODTOHAFSD _MainPanel . im2.getGraphics();
if (yl > 50 && y1l < 550 && x1 <= 600){
for (int kk = 1; kk <= MODTOHAFSD_CalculateValues.len; kk++){
ifT (Math.abs((float)MODTOHAFSD_CalculateValues.d_x_km_arr[kk] - xer )<=
diff ){

count = kk;

}
g2.setColor(Color.white);
g2.drawString(""""+count, 750, 380);

}

}

pg.-drawPlainGraph(g2);
dg.plotXPoly(g2,300,250,250);
pg-newAno(g2);
pg-drawPlainGraph(g2);
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public void mouseMoved(MouseEvent e){

DecimalFormat ¥ = new DecimalFormat(*'0.##"");

float xer = e.getX();
float yer = e.getY();
float maxAno,ypoint ;
iT(yer>300){
maxAno
ypoint

else{
maxAno
ypoint

(float) MODTOHAFSD_CalculateValues. input_min_ano;
(float) (maxAno * (yer - 300) / 250);

(float) MODTOHAFSD_CalculateValues. input_max_ano;
(float) Math.abs(maxAno * (300 - yer) / 250);

float xpoint =(float) Math.abs((MODTOHAFSD_PlainGraph.maxX1l * (150 - xer)) / 450);
Graphics2D g2 = (Graphics2D)MODTOHAFSD_MainPanel .im2.getGraphics();
if (yer >= 50 && yer <= 550 && xer >= 150 && xer <= 600){

g2.setColor(Color.black);
g2.drawString(‘'X-coordinates
g2.setColor(Color.red);

g2.FillRect(780, 320,

180, 20);

g2.setColor(Color.black);
g2.drawString("""'+f. format(xpoint)+"

“"+f_format(ypoint)+"", 780, 330);
}

pg.-drawPlainGraph(g2);

dg.plotXPoly(g2,300,250,250);

pg-newAno(g2);
pg-drawPlainGraph(g2);

Y-coordinates', 780, 320);

public void mouseReleased(MouseEvent el) {

float x = el.getx();
float y = el.getY();

float maxAno,ypoint ,maxY;

if(y>300){
maxAno
ypoint

else{

maxAno
ypoint

(float) MODTOHAFSD_CalculateValues. input_min_ano;
(float) (maxAno * (y - 300) / 250);

(float) MODTOHAFSD_CalculateValues. input_max_ano;
(float) Math.abs(maxAno * (300 - y) / 250);

Graphics2D g2 = (Graphics2D)MODTOHAFSD MainPanel . im2.getGraphics();
MODTOHAFSD_PlainGraph pg = new MODTOHAFSD_PlainGraph();
if (y >50 && y <= 550 && x <= 600){

MODTOHAFSD_PlotReg.vall[count]= ypoint;
MODTOHAFSD_CalculateValues.d_z_km_arr[count] = ypoint;

}
try {
cv.getCoefficients();

} catch (MODTOHAFSD_HandleException e) {

}

MODTOHAFSD_MainPanel .clearPanel (MODTOHAFSD_MainPanel . im2);
DecimalFormat d = new DecimalFormat(*'0.##");

DecimalFormat dfl = new DecimalFormat("'0.####");

Graphics2D gl = (Graphics2D)MODTOHAFSD MainPanel . im2.getGraphics();

pg-drawPlainGraph(gl);

dg.plotXPoly(gl,300,250,250);

pg-newAno(gl);

com.modtohafsd.view.MODTOHAFSD_TableView.populateEastPanel 1(MODTOHAFSD_PlainGraph.

objl);
MODTOHAFSD_TableView.val.
MODTOHAFSD_TableView.val.
MODTOHAFSD_TableView.val.
background:-\n"");
MODTOHAFSD_TableView.val.

setText(""'");

appendText(*'\n"");
append("'Polynomial coefficients of regional

appendText ("
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MODTOHAFSD_TableView.val .appendText("'\n"");

for (int i = 1; i <= MODTOHAFSD_CalculateValues.i_d poly+1' i++){
MODTOHAFSD_TableView.val. appendText( f +(| - D+ =
+df1.Format(MODTOHAFSD_CalculateValues.d_cftnt_arr[i])+ "\n");

}

gl.setColor(Color.black);
for(int 1 = 1;i<= MODTOHAFSD_CaIcuIateVaIues-Ien;i++){
float xpoint (float)
(450*MODTOHAFSD_CalculateValues.d_x_km_arr[1]/MODTOHAFSD_PlainGraph.maxX1);
iF(MODTOHAFSD_CalculateValues.d_z_km arr[i]<0){

maxY = (Float) (MODTOHAFSD_CalculateValues.input_min_ano);
ypoint = 300+(float)( 250 * MODTOHAFSD_CalculateValues.d_z_km_arr[i]/

maxy) ;
else{
maxY = (Float)Math.abs(MODTOHAFSD_CalculateValues. input_max_ano);
ypoint = 300-(float)( 250 * MODTOHAFSD_CalculateValues.d_z_km_arr[i] /
maxy) ;

}

g2.setFont(new Font(“Arial™, 20, 12));

g2.drawString(""("'+f.format(MODTOHAFSD_CalculateValues.d_z_km_arr[i])+")",
150+xpoint-8, ypoint-10);

g2.drawString("'X"", 150+xpoint-3, ypoint+3);

}:

MODTOHAFSD_MainPanel . im2.addMouseListener(mll);
MODTOHAFSD_MainPanel . im2.addMouseMotionListener((MouseMotionListener)mil);

package com.modtohafsd.view._event;

import java.applet.Applet;

import java.awt.*;

import java.awt.event.*;

import java.text.DecimalFormat;

import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
import com.modtohafsd.view_MODTOHAFSD_ MainPanel;

import com.modtohafsd.view.graph.MODTOHAFSD_PlainGraph;

public class MODTOHAFSD_PlotReg extends Applet{
/**

*/
private static final long serialVersionUID = 1L;
public static double val[] =null;
public static double vali[]=null;
public static int pos=0;
public static MouseListener ml;
com.modtohafsd.model _.MODTOHAFSD_CalculateValues cv = new
com.modtohafsd.model _.MODTOHAFSD_CalculateValues();
MODTOHAFSD_PlainGraph pg = new MODTOHAFSD_PlainGraph();

public void paint(Graphics g){

MODTOHAFSD_MainPanel .p_Center.removeAll();
MODTOHAFSD_MainPanel .p_Center.add(MODTOHAFSD_MainPanel .im);
MODTOHAFSD_CalculateValues. len=0;

val = new double[50]

vall = new double[50] ;
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Graphics2D g2 = (Graphics2D)MODTOHAFSD _MainPanel . im.getGraphics();
g2.setFont(new Font(“Arial', 40,12));

g2.setColor(Color.red);
MODTOHAFSD_MainPanel . im.setEditable(false);
MODTOHAFSD_MainPanel . im.setBackground(Color .WHITE) ;
MODTOHAFSD_MainPanel .p_Center.validate();

for (int j = 0; j < val.length; j++){
val[j] = O;
vall[j] = O;

}

pos = 1;

cv.getAnamolyValues(com.modtohafsd.view.MODTOHAFSD MainPanel .captureValues());
Graphics2D gl = (Graphics2D)MODTOHAFSD_MainPanel .im.getGraphics(Q);
pg-drawPlainGraph(gl);

ml = new MouseAdapter(){
public void mouseClicked(MouseEvent e) {

DecimalFormat ¥ = new DecimalFormat(*'0.##");
float polyx = e.getX();
float polyy = e.getY();
float x[] = new float[50];
float z[] = new float[50];
int get = pos;
float maxAno;

MODTOHAFSD_CalculateValues.len = get;
Graphics2D g2 = (Graphics2D)MODTOHAFSD_MainPanel .im.getGraphics();
if (polyy >= 50 && polyy <= 550 && polyx >= 150 && polyx <= 600){

MODTOHAFSD_PlotReg.val[get] = (float) Math.abs((MODTOHAFSD_ PlainGraph._maxXl *
(150 - polyx)) 7/ 450);
if(polyy >300){
maxAno = (Float) MODTOHAFSD_CalculateValues. input_min_ano;
MODTOHAFSD_PlotReg.vall[get] = (float) (maxAno * (polyy - 300) / 250);

else{
maxAno = (float) MODTOHAFSD_CalculateValues. input_max_ano;
MODTOHAFSD_PlotReg.vall[get] = (float) Math.abs(maxAno * (300 - polyy) /
250);
}

x[get] = polyx;

z[get] = polyy;
g2.setColor(Color.white);
g2.fillRect(730, 160, 250, 40);

g2.setColor(Color.BLACK);
g2.setFont(new Font(“Arial™, 40, 12));
g2.drawString("'x", polyx, polyy);
g2.drawString(""("'+f_format(MODTOHAFSD_PlotReg.vall[get])+")", polyx, polyy);
g2.setFont(new Font(“Arial™, 40, 20));
if(get<=MODTOHAFSD_CalculateValues.i_d_poly)

g2.setColor(Color.red);
else

g2.setColor(Color.blue);

g2.drawString("'"Number of points "+get, 740, 180);
g2.setFont(new Font(“Arial™, 40, 12));
MODTOHAFSD_PlotReg.pos++;

+
pg-drawPlainGraph(g2);
repaint();

public void mouseDragged(MouseEvent e){
Graphics2D g2 = (Graphics2D)MODTOHAFSD_MainPanel .im.getGraphics(Q);
pg-drawPlainGraph(g2);

public void mouseMoved(MouseEvent e){

DecimalFormat ¥ = new DecimalFormat(*'0.##");
float xer = e.getX();

float yer = e.getY();

float maxAno,ypoint ;

if(yer>300){
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maxAno = (float) MODTOHAFSD_CalculateValues. input_min_ano;
ypoint = (float) (maxAno * (yer - 300) / 250);

else{
maxAno = (float) MODTOHAFSD_CalculateValues. input_max_ano;
ypoint = (float) Math.abs(maxAno * (300 - yer) / 250);

float xpoint =(float) Math.abs((MODTOHAFSD_PlainGraph.maxXl * (150 - xer)) / 450);

if (yer >= 50 && yer <= 550 && xer >= 150 && xer <= 600){
Graphics2D g2 = (Graphics2D)MODTOHAFSD_MainPanel . im.getGraphics();
g2.setColor(Color.black);
g2.drawString(‘'X-coordinates Y-coordinates', 780, 320);
g2.setColor(Color.red);
g2.fillRect(780, 320, 180, 20);
g2.setColor(Color.black);
g2.drawString("""'+f. format(xpoint)+"
“+f_format(ypoint)+"", 780, 330);

Graphics2D g2 = (Graphics2D)MODTOHAFSD _MainPanel . im.getGraphics();
pg-drawPlainGraph(g2);
}:
MODTOHAFSD_MainPanel . im.addMouseListener(ml);
MODTOHAFSD_MainPanel . im.addMouseMotionListener((MouseMotionListener)ml);

g2.setFont(new Font(“Arial™, 40, 20));
g2.setColor(Color.black);

package com.modtohafsd.view.getvalues;
import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
import com.modtohafsd.util _MODTOHAFSD _Utility;
import com.modtohafsd.view.MODTOHAFSD_ HalfstrikeVal;
import com.modtohafsd.view.constant_MODTOHAFSD_GetConstHaf;
public class MODTOHAFSD_GetHalfstrikeVal {

public void getval(){

for(int 1=0;i< MODTOHAFSD_CalculateValues.input_n_obs;i++){
for(int j=0;j<2;j++){

MODTOHAFSD_HalfstrikeVal _haf[i][Jj]=MODTOHAFSD_HalfstrikeVal .table_getValueAt(i,

;
}
}
for(int i=1;i<=MODTOHAFSD_CalculateValues. input_n_obs;i++){
String vall = (String)MODTOHAFSD_ HalfstrikeVval _haf[i-1][0];
String val2 = (String)MODTOHAFSD_HalfstrikeVal .haf[i-1][1];
try{
MODTOHAFSD_GetConstHaf. input_strike_km[i]=MODTOHAFSD_Utility.convertDouble(val2);
catch(Exception e){
}
}
}
}



package com.modtohafsd.view.getvalues;
import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
import com.modtohafsd.util _MODTOHAFSD _Utility;
import com.modtohafsd.view.MODTOHAFSD Offsetval;
import com.modtohafsd.view.constant.MODTOHAFSD_GetConstOff;
public class MODTOHAFSD_GetOffsetval {
public void getval(){
for(int 1=0;i< MODTOHAFSD_CalculateValues.input_n_obs;i++){
for(int j=0;j<2;j++){
MODTOHAFSD_OffsetVal .off[i][j]=MODTOHAFSD_OffsetVal.table._getValueAt(i, j):;
}
¥
for(int 1=1;i<=MODTOHAFSD_CalculateValues.input_n_obs;i++){

String vall
String val2

= (String)MODTOHAFSD_OffsetVval .off[i-1][0];

= (String)MODTOHAFSD_OffsetVal .off[i-1]1[1];

try{
MODTOHAFSD_GetConstOff. input_y km[i]=MODTOHAFSD_Utility.convertDouble(val2);

}
catch(Exception e){

package com.modtohafsd.view.graph;

import java.awt.*;

import java.awt.geom.Line2D;

import java.text.DecimalFormat;

import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
import com.modtohafsd.view_MODTOHAFSD_ DrawGraph;

import com.modtohafsd.view.constant.MODTOHAFSD_GetConstReg;

public class MODTOHAFSD_PlainGraph {

int i_no_obs=0;

public static float maxX1=0;

public static Object obj1[][]=null;

public void drawPlainGraph(Graphics2D g2){
g2.setColor(Color.RED);
g2.setFont(new Font(“Arial™, 20, 12));
g2.drawString(" :",625,70);
g2.drawString(‘'‘Bouguer anomalies™,660,70);
g2.setColor(Color.BLACK);
g2.setFont(new Font(“Arial™, 20, 12));
i_no_obs = MODTOHAFSD_CalculateValues.input_n_obs;
double obser[] = new double[i_no_obs + 1];

for (int 1 = 1; 1 <= i_no_obs; i++) {
obser[i] = MODTOHAFSD_CalculateValues.x[i];

}

maxX1l = (float) MODTOHAFSD_CalculateValues.x[i_no_obs];

float points = maxX1 / 5;

DecimalFormat f = new DecimalFormat('0.#");

g2.drawLine(150,50,150,300);

g2.drawString("'DISTANCE(km)*, 315, 540);

String [Ja={"A", "N, "0, “M*, “A", "L, v, v(mt, UGU, tat, v1v, )"}
for (int 1 = 0; 1 < a.length; i++) {

g2.drawString(*"'+a[i], 80, 160 + (1 * 20 ) );

¥
g2.drawString("'|", (Float) 598, 550);
g2.drawString("""'+f.format(MODTOHAFSD_CalculateValues.x[i_no_obs]),600, 570);
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int xInterval=90;
for (int x = xInterval, j =1; x < 600; x+=xInterval)

t .
itfg > 4)
break;
g2.drawString(''|",150+x,550);
g2.drawString("""" + F.format(points*j), 147+x, 570);
J++;
b

points = (float) (MODTOHAFSD_CalculateValues.input_max_ano / 5) ;
g2.drawString(""""+MODTOHAFSD_CalculateValues. input_max_ano, 115, 50);
int ylnterval = 50;

for (int x = 50, jJ = 4; x < 250; x += ylnterval){

g2.drawString(*"'-"", 148, 55 + X);
g2.drawString("" + (points * j), 115, 55 + x);
J--3

}
g2.draw(new Line2D.Float(150, 550, 600, 550));
g2.draw(new Line2D.Float(150, 300, 150, 550));
float maxY = (float) MODTOHAFSD_CalculateValues. input_min_ano;
g2.drawString(''0"", 135, 305);
points = (float) (MODTOHAFSD_CalculateValues.input_min_ano / 5) ;
g2.drawString(""""+MODTOHAFSD_CalculateValues.input_min_ano, 115, 550);
int ylnter = 50;
for (int x = yInter, j = 1; x < 250; x += ylnter){

if(g>4)

break;

g2.drawString("'-"", 148, 305 + Xx);

g2.drawString("""" + (points * j), 115, 305 + X);

J++;

}

float xpoint = 0;
float gypoint = 0;
float prevx = 150;
float prevy ;
i F(MODTOHAFSD_CalculateValues. input_nob_gob[1]<0){
maxY = (Float) MODTOHAFSD_CalculateValues.input_min_ano;
prevy = 300+(float)( ( 250 * (MODTOHAFSD_CalculateValues.input_nob_gob[1]) 7/ maxY ) );

else{
maxY = (Float) MODTOHAFSD_CalculateValues. input_max_ano;
prevy = 300-(float)( ( 250 * (MODTOHAFSD_CalculateValues.input_nob_gob[1]) 7/ maxY ) );

b
for (int k = 1; k <= i_no_obs; k++) {
xpoint = (float)( 450 * obser[k] 7/ maxXl);
i F(MODTOHAFSD_CalculateValues. input_nob_gob[k]<0){
maxY = (float) MODTOHAFSD_CalculateValues.input_min_ano;
gypoint = 300+(float)( ( 250 * (MODTOHAFSD_CalculateValues. input_nob_gob[k]) /
maxy ) );
else{
maxY = (Float) MODTOHAFSD_CalculateValues. input_max_ano;
gypoint = 300-(float)( ( 250 * (MODTOHAFSD_CalculateValues. input_nob_gob[k]) 7/
maxyY ) );
g2.setColor(Color.RED);
g2.draw(new Line2D.Float(prevx, prevy, 150 + xpoint, gypoint ));
prevx = 150 + xpoint;
prevy = gypoint ;
¥

}
public void newAno(Graphics2D g){

.setFont(new Font(“Arial™, 20, 12));
.setColor(Color.DARK_GRAY);

-drawString("” :',625,110);
drawString("'Residual anomalies'",660,110);
.setColor(Color.GREEN);

Qe
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g.-drawString(” :',625,90);
g-drawString(‘'Assumed/Estimated regional™,660,90);
float maxY,iniano ;
double ano;
objl = new Object[i_no_obs+1][4]:;
float prevx = 150;
float prevy;
iniano = (float) (MODTOHAFSD_CalculateValues. input_nob_gob[1]-MODTOHAFSD_DrawGraph.fc[1]);
if(iniano < 0){
maxY = (Ffloat) MODTOHAFSD_CalculateValues.input_min_ano;
prevy = (float)( 300 + ( 250 *(
MODTOHAFSD_CalculateValues. input_nob_gob[1]-MODTOHAFSD_DrawGraph.fc[1]) / maxY )
);//starting point for the y-axis
he
else{
maxY = (float) MODTOHAFSD_CalculateValues. input_max_ano;
prevy = (float)( 300 - ( 250 *(
MODTOHAFSD_CalculateValues. input_nob_gob[1]-MODTOHAFSD_DrawGraph.fc[1]) /7 maxY ) );

float xpoint
float ypoint

0
0

for (int k = 1; k <= MODTOHAFSD_CalculateValues.input_n_obs; k++) {
xpoint = (Ffloat)( 450 * MODTOHAFSD_CalculateValues.x[k] / maxX1l);
?g?o;t)MODTOHAFSD_CaIcuIateVaIues-input_nob_gob[k]—MODTOHAFSD_GetConstReg-input_reg_va
&gg%éHAFSD_CaIculateValues-in_gob[k] = ano;
if(ano<0){

maxY = (Ffloat) MODTOHAFSD_CalculateValues.input_min_ano;
ypoint = 300+(float)( ( 250 * (ano) 7/ maxyY ) );

else{
maxY = (Ffloat) MODTOHAFSD_CalculateValues. input_max_ano;
ypoint = 300-(float)( ( 250 * (ano) 7/ maxyY ) );

g.-setFont(new Font(Arial™, 20, 20));
g-setColor(Color.DARK_GRAY);
g.-draw(new Line2D.Float(prevx, prevy, 150 + xpoint, ypoint ));

prevx = 150 + xpoint;
prevy = ypoint ;
DecimalFormat df =new DecimalFormat('0.###");

obj1[k][0]= " + MODTOHAFSD_CalculateValues.x[K];

obji1[k][1]= " + df.format(MODTOHAFSD_CalculateValues. input_nob_gob[k]);
obji1[k][2]= """ + df.format(MODTOHAFSD_GetConstReg.input_reg_val[k]);
obj1[k][3]1= """ + df.format(ano);

package com.modtohafsd.model;

import
import
import
import
import
import
import
import
import
import
import
import
import
import

public

Java.awt_*;

Java.awt._event.*;

jJava.awt. image.BufferedImage;

jJava.io.File;

jJava.io.FileOutputStream;
Java.text._DecimalFormat;

jJava.util _HashMap;

Javax.imageio.ImagelO;

com.modtohafsd.util .MODTOHAFSD_HandleException;
com.modtohafsd.util .MODTOHAFSD_Utility;
com.modtohafsd.view.MODTOHAFSD_MainPanel ;
com.modtohafsd.view.MODTOHAFSD_TableView;
com.modtohafsd.view.constant.*;
com.modtohafsd.view.event MODTOHAFSD_PlotReg;

class MODTOHAFSD_CalculateValues {
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public static int input_n_obs,len,i_d_poly,input_ite_num,input_lambda_st = O;
public static double input_ddx_km, input_min_ano, input_max_ano=0;

public double input_lambda_val[]=null;

public static double

input_sd_val[], input_nob_gob[], input_reg_val[],x[],input_ele_km[],o_dep[]= null;
public static double reg[],err[].errl[], input_strike_km

[1.input_y km[],d_cftnt_arr[],vsd[].,dep[],0_funct[]=null;

public static Object obj[1[1 = null;

public static double d_x_km_arr[], d_z_km_arr[],input_zmax_km = O;

public double input_zmin_km=0;

public static double input_al_err=0;

public static double [Jo_gc ,in_gob=null;

static Bufferedlmage image;

public static int o_iter,count=0;

public static String input_area_name=""";

public static int np=0;

double PI =22.0 / 7.0;

double GK = 13.3333;

public void getAnamolyValues(HashMap h_Map) {

}

try {

input_n_obs = MODTOHAFSD_Utility.convertinteger((String)h_Map.get("'N_OBS™));
input_ddx_km MODTOHAFSD_Utility.convertDouble((String)h_Map.get(*"X_KM™));
input_ele_km MODTOHAFSD_Utility.convertDoubleArray((String)h_Map.get(""ELE_KM™));
input_nob_gob
input_min_ano MODTOHAFSD_Utility.convertDouble((String)h_Map.get(""MIN_ANO'));
input_max_ano MODTOHAFSD_Uti lity.convertDouble((String)h_Map.get(*"MAX_ANO"));
input_al_err = MODTOHAFSD_Utility.convertDouble((String)h_Map.get("’AL_ERR™));
input_zmax_km = MODTOHAFSD_Utility.convertDouble((String)h_Map.get(*'DEP_ZMAX'™));
input_area_name = MODTOHAFSD_Utility.convertString((String)h_Map.get(""AREA_FE™));
input_ite_num = MODTOHAFSD_Utility.convertinteger((String)h_Map.get("ITE_RAT™));

iatch(Exception e) {
}

X = new double[input_n_obs+1];

in_gob = new double[input_n_obs+1];

for (int j = 1; j <= input_n_obs; j++){
x[§]1=0;

}
input_y km = MODTOHAFSD_GetConstOff.input_y km;
input_strike_km = MODTOHAFSD_GetConstHaf. input_strike_km;
input_reg_val = MODTOHAFSD_GetConstReg.input_reg_val;
i_d_poly = MODTOHAFSD_GetDegPoly.input_deg_poly;
d_cftnt_arr = new double[i_d_poly + 2];
input_lambda_st = 1;
for (int KL = 1; KL <= input_n_obs; KL++) {

X[KL] = (KL - 1) * input_ddx_km;

public void cal(Q{

double functl = 0.0;
double ALER = input_al_err;
0_gc = new double[input_n_obs + 1];
o_dep = new double[input_n_obs + 1];
input_lambda_val = new double[input_n_obs + 1];
input_sd_val = new double[input_n_obs + 1];
o_funct = new double[input_ite num +5];
err = new double[input_n_obs + 1];
errl = new double[input_n_obs + 1];
for (int 1 = 0; 1 <= input_n_obs; i++){
o_gc[i]=0;
o_dep[i]=0;
input_lambda val[i]=0;
input_sd_val[i]=0;
err[i]=0;
errl[i]=0;
}

for (int j = 1; j <= input_n_obs; j++){
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input_lambda_val[j] = MODTOHAFSD_LamblInt. lamval;
input_sd_val[j] = MODTOHAFSD_Lamblnt.sdval;

}

double dcz[] = new double[input_n_obs + 1];

for (int KL = 1; KL <= input_n_obs; KL++) {
in_gob[KL] = input_nob_gob[KL] - input_reg_val[KL];

}

double b = (xX[2] - x[1]) 7/ 2.0;

for (int KK = 1 ; KK <= input_n_obs; KK++) {
o_dep[KK] = (1 7/ input_lambda_val[KK]) * Math.log(l + ((input_lambda_val[KK] *
in_gob[KK]) /7 (GK * P1 * input_sd_val[KK])));

GF(input_n_obs,x, input_ele_km,o_dep, input_sd_val, input_lambda_val, input_strike_ km, input_y
km, input_ddx_km,b,0_gc);

for(int K = 1 ; K <= input_n_obs; K++) {

err[K] = in_gob[K] - o_gc[K]:

functl = functl + Math.pow((in_gob[K] - o_gc[K]), 2);
}
int iter = 0O;

double funct2 = 0.0;

while(iter<input_ite_num) {
iter = iter + 1;

for (int 11 = 1; 1l <= input_n_obs; 11++){
errl[11] = in_gob[Il1] - o_gc[Il];

}

for (int KK 1; KK <= input_n_obs; KK++) {

err[KK] in_gob[KK] - o_gc[KK];

dcz[KK] (input_sd_val[KK] * Math.exp(input_lambda_val[KK] * o_dep[KK]));

o_dep[KK] = o_dep[KK] + ((err[KK] /7 (GK * Pl * dcz[KK]))):;

if(o_dep[KK] <= input_zmin_km)
o_dep[KK] = input_zmin_km;

if(o_dep[KK] > input_zmax_km )
o_dep[KK] = input_zmax_km;

GF(input_n_obs, x, input_ele_km,o_dep, input_sd_val, input_lambda_val,
input_strike_km, input_y km, input_ddx_km, b, o_gc);
funct2 = 0.0;
for (int LI =1 ; LI <= input_n_obs ; LI++) {
funct2 = funct2 + Math.pow(in_gob[L1] - o_gc[LI], 2);
}

o_iter = iter;
o_funct[iter] = functl;

setGraphValues(input_n_obs, iter, X, input_nob_gob, in_gob, o _gc, o_dep, functl, errl,
input_area_name);
drawGraph(Q);

if (funct2 - functl <= 0 ) {
if (funct2 - ALER <= 0) {

break;
}
else {
functl = funct?2;
}
}
else
break;

}
+

public void invcalQ{

double dpar = 0.1;

double functl = 0.0;

double ALER = input_al_err;

0_gc new double[input_n_obs + 1];
o_dep new double[input_n_obs + 1];
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input_lambda_val = new double[input_n_obs + 1];
input_sd_val = new double[input_n_obs + 1];
o_funct = new double[input_ite num +5];
err = new double[input_n_obs + 1];
errl = new double[input_n_obs + 1];
for (int 1 = 0; i <= input_n_obs; i++){
o_gc[i]=0;
o_dep[i]=0;
input_lambda val[i]=0;
input_sd_val[i]=0;
err[i]=0;
errl[i]=0;

for (int j = 1; j <= input_n_obs; j++){
input_lambda_val[j] = MODTOHAFSD_Lamblnt.lamval;
input_sd_val[j] = MODTOHAFSD_Lambilnt.sdval;

}

double [Jpar = new double[input_n_obs + 1];

double [Jparl new double[input_n_obs + 1];

double []par2 new double[input_n_obs + 1];

double [ldupar = new double[input_n_obs + 1];

double []gl1 = new double[input_n_obs + 1];

double []192 = new double[input_n_obs + 1];

double [][]st = new double[input_n_obs + 1][input_n_obs + 1];

double [Jactz = new double[input_n_obs + 1];

double []b = new double[input_n_obs + 1];

double []KS = new double[2];

double LAMBDA = 0.5;

int npl = input_n_obs + 1;

double [1[]p = new double[input_n_obs+1][npl+1];

for (int KL = 1; KL <= input_n_obs; KL++) {
in_gob[KL] = input_nob_gob[KL]-input_reg_val[KL];

gouble t = (X[2] - X[1]D) / 2.0;

for (int KK 1 ; KK <= input_n_obs; KK++) {
par[KK] (1 7/ input_lambda_val[KK]) * Math.log(1l + ((input_lambda_val[KK] *
in_gob[KK]) 7/ (GK * P1 * input_sd_val[KK]))):

GF(input_n_obs,x, input_ele_km,par,input_sd_val, input_lambda_val, input_strike_km, input_y_ km
, input_ddx_km,t,o_gc);
functl=0.0;
for(int K = 1 ; K <= input_n_obs; K++) {
err[K] in_gob[K] - o_gc[K]:;
functl = functl + Math.pow((in_gob[K] - o_gc[K1), 2);

}

int iter = 0;
double funct2 = 0.0;
while(iter< input_ite_num) {
iter = iter + 1;
for(int KJ = 1; KJ <= input_n_obs; KJ++) {
actz[KJ] = par[KJ]:

for(int K = 1;K <= input_n_obs; K++) {

parl[K] = par[K];

b

for (int 1 = 1; 1 <= input_n_obs; 1++) {
parl[I1] = par[1] + dpar/2.0;

GF(input_n_obs,x, input_ele_km,parl, input_sd_val, input_lambda_val, input_strike_km,i
nput_y_ km,input_ddx_km,t,gl);
parl[1] = par[1] - dpar/2.0;
GF(input_n_obs,x, input_ele_km,parl, input_sd_val, input_lambda_val, input_strike_km,i
nput_y_km, input_ddx_km,t,g2);
for(int K=1;K<=input_n_obs;K++) {
stl1]1[K] = (g1[K] - 92[K]) /dpar;

b
for (int J=1; J <= npl; J++) {
for (int I1=1; I <= input_n_obs;1++) {
pL11[3]=0.0;
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for(int J = 1;J <= input_n_obs;J++) {
for(int I = 1;1 <= input_n_obs;I++) {
for(int K = 1;K <= input_n_obs;K++)

y p[11[3] = p[11[J]1 + SELIT[K] * SELJIIIKI;
}

%or (int J = 1; J <= input_n_obs;J++) {
for (int K = 1; K <= input_n_obs;K++) {
pL[I1[nrpl] = p[I]1L[npl] + err[K] * st[J][K];

}

do {
double CON = LAMBDA + 1.0;
for(int I = 1; I <= input_n_obs;I++) {
dupar[1] = par[l];

for (int L = 1;L <= input_n_obs; L++) {
for (int J = 1;J <= input_n_obs; J++) {

if (L-J==0){
PLLILIT = p[L1[I] * CON;

}

by

SIMEQ(p,b, input_n_obs,KS);

for (int 1=1; I <= input_n_obs; I++) {
par2[1] = dupar[I] + b[I];

b

for (int KK = 1; KK <= input_n_obs; KK++) {
if(par2[KK] <= input_zmin_km)
par2[KK] = input_zmin_km;
if(par2[KK] > input_zmax_km)
par2[KK] = input_zmax_km;
}

GF(input_n_obs,x, input_ele_km,par2, input_sd_val, input_lambda_val, input_strike_km, i
nput_y_km, input_ddx_km,t,o gc)

funct2 = 0.0

for (int K = 1 K <= input_n_obs; K++) {
err[K] = |n_gob[K] - 0_gc[K]1:
funct2 = funct2 + Math.pow(err[K],2);

}
if (functl - funct2 < 0) {

LAMBDA

LAMBDA * 2;
if (LAMBDA - 13 < 0) {
for (int 1 = 1; 1 <= input_n_obs; 1++) {
for (int J = 1; J <= input_n_obs; J++) {

if(1 - J == 0)
pL1103]1 = p[11[J]1 7 CON;

+
+

else
break;

}
Jwhile (functl <= funct2);
o_iter = iter;
o_Tfunct[iter] = functl;
functl = funct2;

for(int I = 1; I <= input_n_obs; I++) {
par[1] = par2[l];

for(int I = 1; 1 <= input_n_obs; I++) {
o_dep[1] = par2[l];
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}
LAMBDA = LAMBDA / 2.0;

setGraphValues(input_n_obs, iter, X, input_nob_gob, in_gob, o _gc, o_dep, Tfunctl, err,
input_area_name);
drawGraph(Q);

if (funct2 - functl <= 0 ) {
if (funct2 - ALER <= 0) {

break;
else {
functl = funct2;
3
3
else
break;

}
+

public double [] GF(int n,double []x,double ele[],double []z,double []sd,double []la,double
[1yy.double []Jydist,double ddx,double t,double []gc) {

double xx = 0,z2 = 0,yl = 0,gff,ggc=0;
double [Jeffy = new double [3];

double []gg2 = new double [3];

double z1 = 0.0;

double GK = 13.3333;

for(int JJ =1 ; JJ <= n ;J3J++){

gc[JJ]=0.0;
for(int Il =1 ; 1l <=n ; 11++){

for(int LL = 1 ; LL <= n; LL++) {
xx = x[I1] - x[LL];
z2 = z[LL]:
effy[1] = yy[LL] - ydist[LL];
effy[2] = yy[LL] + ydist[LL];
double dx = ddx/10;
double zb = z2 - zl
double dz = 0,dc =

double []zk = new double[lOOO]
double []gs = new double[1000];

int nd = (int)(zb 7 dx) + 1;

intnl =nd 7/ 2;

if(nd-@*nl)<O0 |l nd-C2*n1l)>0){
nd = nd + 1;

¥

dz = zb / nd;

int n2 = nd + 1;

for (int JZ =1 ; JZ <= n2; JZ++) {
zk[JZ] = z1 + dz * (JZ - 1);

b
for (int JZ = 1; JZ <= n2; JZ++) {
(sd[LL] * Math. exp(la[LL] * zk[JZD));
for (int LK = 1 ; LK <= 2; LK++) {
yl = effy[LK];
double t1 = GK * dc;
double t2 = Math.atan((yl * (xx + t)) / (Math.sqrt(Math_.pow((xx + t), 2) +
Math.pow(yl, 2) + Math.pow(zk[JZ]-ele[11], 2)) * (zk[IZ]-ele[l11])));
double t3 = Math.atan((yl * (xx - t)) / (Math.sgrt(Math.pow((xx - t), 2) +
Math.pow(yl, 2) + Math.pow(zk[JZ]- eIe[II] 2))* (zk[IZ]-ele[ll1])));
g92[LK] = t1 * (t2 - t3);

gs[JZ] = (gg2[1] + gg2[2]) / 2.0;

}
gff = SIMP(gs,zk,n2,ggc);
gc[ii] = gec[il] + gff;

}
b

return gc;
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public double SIMP(double []gs,double []z,int n,double ggc) {

double dz = z[2]-z[1];

double suml = 0.0;

double sum2 = 0.0;

intnl=n/ 2;

int n4d = nl - 1;

for(int I = 1; I <= nl; 1++) {
intn2 =2 * 1;
suml = suml + gs[n2];

%or(int I = 1; 1 <= n4; 1++) {

}

ggc
ggc

intn3 =2 *1 +1;
sum2 = sum2 + gs[n3];

= gs[1]+4*suml+2*sum2+gs[n];
ggc * dz / 3.0;

return ggc;

public static double []JSIMEQ(double p[][]1, double b[],

intl =n + 1;
double []a = new double[n*n+1];

for (int 11 = 1; 11 <= n; 11++) {

for (int 12 = 1; 12 <= n; 12++) {

int I3 =(I1 -1) *n + 12;
a[13] = pLi2][11];

}

for (int 14 = 1;14 <= n; 14++) {
b[14] = p[14]1[1];

double tol = 0O;

KS[0] = 0;

int JJ = - n;

int IT;

int NY = 0O;

for (int J = 1;J <= n; J++) {
int Jy = J + 1;
JJ =33 +n+ 1;
double biga = O;

IT=J3J - J;

int imax = 0;

for (int i = J; i <=n; i++) {
int 1J = 1IT + i;

if (Math.abs(biga) - Math.abs(a[l1J]) < 0) {

biga = a[l1J];
imax = i;
e
¥
int 11 = 0;
if (Math.abs(biga) - tol <= 0) {
KS[1] = 1;
return KS;
ks
else {
1I1=J+n* @ - 2);
IT = imax - J;
3

double save;

for (int K = J;K <= n; K++) {
11 = 11 + n;
int 12 = 11 + IT;
save = a[l1];

a[11] = a[l2];
a[12] = save;
a[l11] = a[l1] / biga;
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save = b[imax];
b[imax] = b[J];
b[J] = save / biga;
int 1QS = O;

if J-n<0]lJ-n>0){
1S =n * @ - 1);

for (int IX = JY;IX <= n; IX++) {
int IXJ = IQS + 1X;
IT =J - IX;

for (int JX = JY;JX <= n; JIX++) {
int IXdX = n * (IX - 1) + IX;
int JJX = IXJ3X + IT;

a[1XJX] a[IXdX] - @[1XJ] * a[JIXD);
%[IX] = b[IX] - (b[J] * a[1XI]D);
hs
¥
NY = n - 1;
IT =n * n;
for (int J = 1;J <= NY; J++) {
int ia = IT - J;
int itbh = n - J;
int ic = n;
for (int K = 1;K <= J; K++) {
?[ib]_= b[ib] - a[ia] * b[ic];
ia = ia - n;
ic = ic - 1;
}
3
return b;

}
public void getCoefficients() throws MODTOHAFSD_ HandleException {
d_x_km_arr new double[len + 1];
d z km_arr new double[len + 1];
for (int i 0; 1 <= len; i++){
if (i ==0){
d_x_km_arr[i]
d_z km_arr[i]

O-
0

else{

d_x_km_arr[i]
d z km_arr[i]

MODTOHAFSD_PlotReg.val[i];
(MODTOHAFSD_PlotReg.vall[i]);

}
+

double d_coeff_values[] = new double[i_d_poly + 1];

double d_coeff_xzval_arr[] = new double[i_d_poly + 1];

double d_coeff zval arr[][] = new double[i_d poly + 1][i_d_poly + 1]
double d_sum_Imatrix
double d_sum_rmatrix

0;

for (int 1 = 0; I < i_d poly + 1; 1++){
d_sum_Imatrix = 0;
for(int 1 = 0; 1 < d_x_km arr.length; i++){
if (1 == 0){

d_sum_Imatrix = d_sum_Imatrix + d_z_km_arr[i];

}

else{
double d_sum_xz = d_z_km_arr[i] * Math_.pow(d_x_km_arr[i], 1);
d_sum _Imatrix = d_sum_Imatrix+d_sum xz;

}

d_coeff_xzval_arr[1] = d_sum_Imatrix;

}

double d_rmatrix_arr[] = new double[2 * i_d_poly + 1];
for (int 1 = 0; 1 < d_rmatrix_arr.length; I1++){
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d_sum_rmatrix = 0;
for (int i =0; i
it (I == 0){
d_sum_rmatrix = d_sum_rmatrix + d_x_km_arr[i];
d_rmatrix_arr[1] = d_sum_rmatrix;

< d_x_km_arr.length; i++){

}

else{
double d_sum_zpow = Math.pow(d_x_km_arr[i], 1);
d_sum_rmatrix = d_sum_rmatrix + d_sum_zpow;
d_rmatrix_arr[1] = d_sum_rmatrix;

}

b
for (int 1 = 0; i1 < i_d poly + 1; i++){

for (int j = 0; j < i_d poly + 1; j++){
if (i ==02¢&&j==0)
d_coeff_zval_arr[i]1[jJ] = d_x_km_arr.length - 1;
}
else{
d_coeff _zval_arr[i][j] = d_rmatrix_arr[i + j];
}
}

}

int index[] = new int[i_d_poly + 1];
d_coeff_values = solve(d_coeff_zval_arr, d_coeff_xzval_arr, index);

//d_cfttnt_arr = new double[i_d_poly + 2];
d_cftnt_arr[0] = 0.0;

for (int 1 = 1; 1 <= i_d poly + 1; i++){
if(d_ coeff  values[i - 1]<= O||d coeff_values[i - 1]>0)
d_cftnt_arr[i] = d_coeff_values[i - 1];
else
d_cftnt_arr[i] = MODTOHAFSD_GetConstReg.regval;
¥
}

public double[] solve(double a[][].,double b[], int index[]) {

int n = b.length;
double x[] = new double[n];
gaussian(a, index);

for (int 1 = 0; 1 <n - 1; ++i) {
for (int J =1 +1; j <n; ++)) {
b[index[j]1] -= ali ndex[J]][ 1 * b[index[i]];

}
X[n - 1] b[|ndex[n - 117 7/ a[index[n - 1]][n - 1];
for (int i = n - 2; 1 > 0; —--i) {
x[i] b[lndex[l]];
for (int j =i + 1; j < n; ++j
X

x[i] -= a[lndex[l]][j]
i[i] /= a[index[i]11[i]l;
+

return Xx;

) {
bl;

}
public void gaussian(double a[][].,int index[]) {

int n = index.length;
double c[] = new double[n];

for (int i = 0; i < n; ++i) index[i] = i;
for (int i = 0; 1 < n; ++i) {
double c1 = O

for (int j = 0; j < n; ++j) {
double cO = Math.abs(a[il1[i1);
if (cO > cl) cl = cO0;
by
c[i] =
b
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}

int k = 0;

for (int j =0; jJ <n-1; ++j) {
double pil = O;
for (int i = j; i <n; ++i) {
double pi0 = Math.abs(a[index[i]11Li1):;
pi0 /= c[index[i]]:
if (pi0 > pil) {
pil = piO;
k =1;
}
int itmp = index[j];
index[j] = index[k];
index[k] = itmp;
for (int i = J + 1; i < n; ++i

double pj = a[index[i]11[]1 7 a[index[J11[i1:;
alindex[i1103]1 = pi;
for (int I=j+1; I<n; ++I

afindex[i]1[1] -= py*alindex[J11L[11;

}
+

public static void denCal(int n){

}

int 1 = 1;

double 71 = O;

double [ldepth = new double[input_n_obs+1];

for (int k = 1; k <= input_n_obs; k++){
depth[k] = o_dep[k];

double Z2 = MODTOHAFSD_Utility .findMaximumNumberl(depth);
vsd = new double[(int) Math.pow(input_n_obs,2)];
dep = new double[(int) Math.pow(input_n_obs,2)];
while(Z1 <= 72){
double dc = MODTOHAFSD_LambInt.sdval*Math.exp(MODTOHAFSD_LamblInt. lamval*Z1);

vsd[i] = dc;
dep[i] = 71;
Z1 =71 + 0.1;
i++;
3 ]
count = ij;
vsd[count] = MODTOHAFSD_Lamblnt.sdval*Math.exp(MODTOHAFSD_LamblInt. lamval*Z2);
dep[count] = Z2;

public static void setGraphValues(int i_no_obs,int ite,double []dis,double []GOBS,double
[1Boug,double []GCAL,double []Dep, double funct,double []Err,String Area_fe) {

obj = new Object[i_no_obs+1][7];

DecimalFormat dfl = new DecimalFormat("'0O.####"");
DecimalFormat d = new DecimalFormat(*'0.##");
DecimalFormat df =new DecimalFormat(*'0.###");
for (int K = 1; K <= i_no_obs; K++){

obj[K][0] = " + dis[K];
obj [K][1] '+ df.format(GOBS[K]);

obj[K][2] = """ + df.format(input_reg_val[K]);
obj[K][3] = """ + df.format(Boug[K]):
obj[K][4] = " + df.format(GCAL[K]);
obj[K][5] = ™" + df.format(Err[K]);
obj[K][6] = " + df.format(Dep[K]D):;

}

obj[0][0] ="ITERATION";

obj[O0][1] = =" +" "+ite;

MODTOHAFSD_TableView.val

MODTOHAFSD_TableView.val
MODTOHAFSD_TableView.val
MODTOHAFSD_TableView.val
MODTOHAFSD_TableView.val

-setText("""");

-appendText(*'\n"");

-append("'Polynomial coefficients of regional background:-\n");
-appendText('—————————— \n"");
-appendText(*'\n"");
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for (int 1 = 1; 1 <= i_d_poly+1; i++){
MODTOHAFSD_TableView.val .appendText("f"+(1 - 1)+
"\Nn");

' +dfl.format(d_cftnt_arr[i])+

MODTOHAFSD_TableView.val _appendText("'\n"");

¥
public static void drawGraph(){

final com.modtohafsd.view.MODTOHAFSD DrawGraph dg = new
com.modtohafsd.view_MODTOHAFSD_DrawGraph();

try {
int width = 1050;
int height = 650;
Bufferedlmage buffer = new Bufferedlmage(width,height,Bufferedimage.TYPE_INT_RGB);

Graphics gl = buffer.createCGraphics();
gl.setColor(Color.WHITE);
gl._fillRect(0,0,width,height);
Graphics2D g2 = (Graphics2D)gl ;
dg.plot(g2);
dg.drawGraph(g2);
float maxEle = (float)
MODTOHAFSD_Uti lity. findMaximumNumberl1(MODTOHAFSD_CalculateValues. input_ele_km);
if(maxEle==0)
dg.plotZCoordinates(g2);
else
dg.plotzZzCoordinatesele(g2);
dg.plotXYCoordinates(g2);
dg.plotXPoly(g2,120,200,50);
dg.plot(g2);
dg.drawOBJ(g2);
int i=1;
Color ¢ = Color.MAGENTA;
denCal (1);
dg.drawSd(g2,c,i);
dg.idex(g2);

FileOutputStream os = new FileOutputStream( MODTOHAFSD_ CalculateValues. input_area_name
+.Jpg7);

ImagelO.write(buffer, "jpg", 0s);

os.close();

String path = MODTOHAFSD_CalculateValues.input_area_name +".jpg™;
image = ImagelO.read(new File(path));

Graphics g_image = MODTOHAFSD_MainPanel .img.getGraphics();
g_image.drawlmage(image, -60,-30,image.getWidth(), image.getHeight(),dg);

MouseListener mI3 = new MouseAdapter(){
public void mouseClicked(MouseEvent e){
Graphics g_image = MODTOHAFSD_MainPanel .img.getGraphics();
g_image.drawlmage(image, -60,-30,image.getWidth(), image.getHeight(),dg);
}: ) ) )
MODTOHAFSD_MainPanel . img.addMouseListener(ml3);
b
catch (Exception e2) {

e2_printStackTrace();

package com.modtohafsd.control;

import java.awt.*;

import java.awt.event.*;

import java.io.*;

import java.text.DecimalFormat;
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import

import
import
import
import
import
import

public

jJavax.swing.*;

com._modtohafsd.model _.MODTOHAFSD_CalculateValues;
com.modtohafsd.util .MODTOHAFSD_HandleException;
com.modtohafsd.view.*;
com.modtohafsd.view.constant.*;
com.modtohafsd.view.event.>;
com.modtohafsd.view.graph_MODTOHAFSD_PlainGraph;

class MODTOHAFSD_Controller implements ActionListener{

com.modtohafsd.model _.MODTOHAFSD_CalculateValues cv = new
com.modtohafsd.model .MODTOHAFSD_CalculateValues();
Object rowdata[][1={}:

public static boolean success = false;

public void actionPerformed(ActionEvent ae) {

if(ae.getActionCommand() -equals(*'Variable regional™)) {

cv.getAnamolyValues(com.modtohafsd.view.MODTOHAFSD MainPanel.captureValues());
MODTOHAFSD_MainPanel . im.removeMouseListener (MODTOHAFSD_PlotReg.ml);
MODTOHAFSD_MainPanel . im. removeMouseMotionListener((MouseMotionListener)MODTOHAFSD_Plot
Reg.-ml);

MODTOHAFSD_GetDegPoly gdp = new MODTOHAFSD_GetDegPoly();

gdp.-constHaf();

} else if(ae.getActionCommand()-equals('Draw/Edit polynomial™)){
cv.getAnamolyValues(com.modtohafsd.view.MODTOHAFSD MainPanel.captureValues());
iF(MODTOHAFSD_CalculateValues.i_d_poly!=0){

try{
it (MODTOHAFSD_CalculateValues.len <= MODTOHAFSD_CalculateValues.i_d_poly){

JFrame frame = null;

JOptionPane.showMessageDialog(frame,
"The polynomial fit requires\n"
+"degree+l data points.\n"
+"Use additional data points",
"Error!"”,
JOptionPane.ERROR_MESSAGE) ;

throw new MODTOHAFSD_HandleException();

cv.getCoefficients();
Graphics g1 = MODTOHAFSD_MainPanel.img.getGraphics();
MODTOHAFSD_EditReg er = new MODTOHAFSD_EditReg();

er.paint(gl);
com.modtohafsd.view_MODTOHAFSD_TableView.populateEastPanel1(MODTOHAFSD_PlainGr

aph.objl);

catch(Exception e){
e_printStackTrace();

¥
}else if(ae.getActionCommand() -equals('Surface density & Lambda')){

MODTOHAFSD_TableView.populateEastPanel (rowdata);
cv.getAnamolyValues(MODTOHAFSD_MainPanel .captureValues());
DecimalFormat df = new DecimalFormat(*'O.####"");
MODTOHAFSD_LambInt Ii = new MODTOHAFSD_LambInt();
String lamval = df.format(MODTOHAFSD_LamblInt.lamval);
MODTOHAFSD_LamblInt. lam.setText(lamval);
String sdval = df.format(MODTOHAFSD_ Lamblnt._sdval);
MODTOHAFSD_LamblInt.sd.setText(sdval);
li.constLamSd();

Yelse if(ae.getActionCommand() -equals('Modeling™)) {

MODTOHAFSD_MainPanel .p_Center.removeAll();

MODTOHAFSD_MainPanel .p_Center.add(MODTOHAFSD_MainPanel .graphLabel);
MODTOHAFSD_MainPanel .p_Center.add(MODTOHAFSD_MainPanel . img);
MODTOHAFSD_MainPanel _img.setEditable(false);
MODTOHAFSD_MainPanel . img.setBackground(Color .WHITE);
MODTOHAFSD_MainPanel .p_Center.validate();

MODTOHAFSD_MainPanel .p_East.removeAll();

MODTOHAFSD_MainPanel .p_East.validate();
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MODTOHAFSD_TableView.populateEastPanel (rowdata);

MODTOHAFSD_MainPanel .p_East.validate();
com_modtohafsd.view_MODTOHAFSD_MainPanel .clearPanel (MODTOHAFSD_MainPanel . img);
cv.getAnamolyValues(com.modtohafsd.view_MODTOHAFSD_ MainPanel .captureValues());
cv.cal(Q;

com.modtohafsd.view_.MODTOHAFSD_TableView.populateEastPanel (MODTOHAFSD_CalculateValues.
obj);

com.modtohafsd.view_MODTOHAFSD_MainPanel .p_East.repaint();
com.modtohafsd.view.MODTOHAFSD_MainView mv = new
com.modtohafsd.view.MODTOHAFSD_MainView();

mv.setResizable(true);
}else if(ae.getActionCommand() -equals(Inversion™)) {

MODTOHAFSD_CalculateValues.obj = null;
MODTOHAFSD_TableView.populateEastPanel (rowdata);

MODTOHAFSD_MainPanel .p_Center.removeAll();

MODTOHAFSD_MainPanel _p_Center.add(MODTOHAFSD_MainPanel _.graphLabel);
MODTOHAFSD_MainPanel .p_Center.add(MODTOHAFSD_MainPanel .img);
MODTOHAFSD_MainPanel . img.setEditable(false);
MODTOHAFSD_MainPanel . img.setBackground(Color .WHITE);

MODTOHAFSD_MainPanel _p_Center.validate();

MODTOHAFSD_MainPanel .p_East.removeAll();

MODTOHAFSD_MainPanel .p_East.validate();
MODTOHAFSD_TableView.populateEastPanel (rowdata);

MODTOHAFSD_MainPanel .p_East.validate();
com.modtohafsd.view.MODTOHAFSD_MainPanel .clearPanel (MODTOHAFSD_MainPanel .img);
cv.getAnamolyValues(com.modtohafsd.view.MODTOHAFSD MainPanel .captureValues());
cv.invcal(Q);

com_modtohafsd.view_MODTOHAFSD_TableView.populateEastPanel (MODTOHAFSD_CalculateValues.
obj);

com.modtohafsd.view.MODTOHAFSD_MainPanel .p_East.repaint();
com.modtohafsd.view.MODTOHAFSD_MainView mv = new
com.modtohafsd.view.MODTOHAFSD_MainView();

mv.setResizable(true);

}else if(ae.getActionCommand() -equals('Save and Print™)){

try{
String current = System.getProperty(‘user.dir’);

File img_file = new File(MODTOHAFSD_CalculateValues.input_area_name+"_jpg');
JFileChooser saveFile = new JFileChooser(current);

File OutFile = saveFile.getSelectedFile();

FileWriter myWriter = null;

if(saveFile._showSaveDialog(null) == JFileChooser.APPROVE_OPTION){

OutFile = saveFile.getSelectedFile();
if (OutFile.canWrite() || '"OutFile.exists()){

File dir = new File(OutFile.getParent());

success = img_file.renameTo(new File(dir,img_Ffile.getName()));

System.out._printIn(’'Save successful'+success);

myWriter = new FileWriter(OutFile+" _html™);

myWriter.write("” </table> </td> <td> <img src = """+
MODTOHAFSD_CalculateValues. input_area_name +"._jpg"></td></tr></table>");

myWriter _write('<html> <Body onLoad = \"window.print()\"><table> <tr>
<td>" +

"<table border = 1> <tr> <th colspan = 4>LOCATION:-

""+MODTOHAFSD_CalculateValues. input_area_name+'"</th> </tr>"");

DecimalFormat df =new DecimalFormat(*'0.###");

DecimalFormat d = new DecimalFormat(**0.##"");

//myWriter.write(" <tr><th colspan = 4> PROFILE NUMBER:-""+"
""+MODTOHAFSD_CalculateValues. input_profile_num+" </th></tr>");

myWriter.write(" <tr><th colspan = 4> ITERATION NUMBER:-""+"
""+MODTOHAFSD_CalculateValues.o_iter+" </th></tr>");

myWriter .write(''<tr > <th>Distance (km) </th><th> Bouguer anamolies (mGal)
</th> <th> Assumed/Estimated regional (mGal) </th><th> Residual
anomalies(mGal) </th><th>Modeled anomalies(mGal) </th><th>Error(mGal)
</th><th>Depth(km) </th> </tr>");

for ( int K = 1; K <= MODTOHAFSD_CalculateValues.input_n_obs; K++){
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myWriter .write('<tr> <td>" +
d.format(MODTOHAFSD_CalculateValues.x[K])+"</td><td>""+df.format(MODTOH
AFSD_CalculateValues.input_nob_gob[K])+"</td>
<td>"+df.Fformat(MODTOHAFSD_DrawGraph.fc[K])+"</td><td>"+df.Fformat(MODT
OHAFSD_CalculateValues. in_gob[K])+"</td><td>"+df.format(MODTOHAFSD_Cal
culateValues.o_gc[K])+"</td><td>"+df.Fformat(MODTOHAFSD_CalculateValues
-err[K]D+"</td><td>"+df.format(MODTOHAFSD_CalculateValues.o_dep[K])+"<
/td></tr>");

¥

myWriter.write(''</table>");

DecimalFormat d1 =new DecimalFormat(*'0.####");

myWriter . write("'<BR>");

myWriter _write("'Polynomial coefficients of regional background:"+"<BR>");
myWriter write("-—————————— - <BR>");

for ( int i = 1; i <= MODTOHAFSD_CalculateValues.i_d_poly + 1; i++) {

myWriter.write("f'"+ (1 - 1) +" =
"+d1.format(MODTOHAFSD_CalculateValues. d_cftnt_arr[i])+"<BR>");

myWriter .write("'<BR>");

myWriter.close();

}
¥
else

//pops up error message
}

}
catch(Exception el) {
el._printStackTrace();
}
}else if(ae.getActionCommand().equals('Load Tile™)){

MODTOHAFSD_MainPanel . loadData() ;
}else if(ae.getActionCommand() -equals('Clear™)| |ae.getActionCommand() -equals('New)){

MODTOHAFSD_MainPanel .clearDefaultvValues();
MODTOHAFSD_MainPanel .clearPanel (MODTOHAFSD_MainPanel _img);
com.modtohafsd.view_.MODTOHAFSD_TableView.populateEastPanel (rowdata);
com.modtohafsd.view.MODTOHAFSD_TableView.val .setText(""");
MODTOHAFSD_CalculateValues.len = 0;
setZero();

}else if(ae.getActionCommand() -equals(*Save Tile™)){

try{
String current = System.getProperty(‘user_dir');

JFileChooser saveFile = new JFileChooser(current);

File OutFile = saveFile.getSelectedFile();

FileWriter myWriter = null;

if(saveFile._showSaveDialog(null) == JFileChooser.APPROVE_OPTION){

OutFile = saveFile.getSelectedFile();
if (OutFile.canWrite() || '"OutFile.exists()){

myWriter = new FileWriter(OutFile+" _txt");

myWriter _ write(""""+MODTOHAFSD_CalculateValues.input_area_name);

myWriter._.append(System.getProperty(*'line.separator™));

myWriter _ write("""+MODTOHAFSD_CalculateValues. input_ite_num);

myWriter.append(System.getProperty("'line.separator™));

myWriter _ write("""'+MODTOHAFSD_CalculateValues. input_n_obs);

myWriter._.append(System.getProperty(*'line.separator™));

myWriter _write(""""+MODTOHAFSD_CalculateValues. input_ddx_km);

myWriter.append(System.getProperty("'line.separator™));

for (int i = 1; i <= MODTOHAFSD_CalculateValues.input_n_obs; i++){
myWriter.write(""""+MODTOHAFSD_CalculateValues.input_ele_km[i]+",") ;

}

myWriter.append(System.getProperty("'line.separator™));

for (int i = 1; i <= MODTOHAFSD_CalculateValues.input_n_obs; i++){
myWriter.write(""""+MODTOHAFSD_CalculateValues. input_nob_gob[i]+",") ;
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}

myWriter.append(System.getProperty(''line.separator'));

myWriter _write("""+MODTOHAFSD_CalculateValues.input_min_ano);

myWriter.append(System.getProperty(*'line.separator™));

myWriter.write(""""+MODTOHAFSD_CalculateValues. input_max_ano);

myWriter.append(System.getProperty('line.separator'));

myWriter _write("""'+MODTOHAFSD_CalculateValues.input_al_err);

myWriter.append(System.getProperty(*'line.separator™));

myWriter.write(""""+MODTOHAFSD_CalculateValues. input_zmax_km);

myWriter.append(System.getProperty(''line.separator'));

myWriter _write("""'+MODTOHAFSD_LamblInt.sdval);

myWriter.append(System.getProperty(*'line.separator™));

myWriter .write(""""+MODTOHAFSD_LambiInt. lamval);

myWriter.append(System.getProperty(''line.separator'));

for (int i = 1; i <= MODTOHAFSD_CalculateValues.input_n_obs; i++){
myWriter _ write("""'+(MODTOHAFSD_CalculateValues.input_y km[i])+".,") ;

by

myWriter.append(System.getProperty(''line.separator'));
for (int i1 = 1; i <= MODTOHAFSD_CalculateValues.input_n_obs; i++){
myWriter . write("""+(MODTOHAFSD_CalculateValues. input_strike_km[i])+",™)

}

myWriter.append(System.getProperty(*'line.separator™));

myWriter. .write(""""+MODTOHAFSD_CalculateValues.len);

myWriter.append(System.getProperty(*'line.separator'));

for (int i = 1; i <= MODTOHAFSD_CalculateValues.len; i++){
myWriter _ write(MODTOHAFSD_CalculateValues.d_x_km_arr[i]+",");

3}

myWriter.append(System.getProperty('line.separator'));

for (int i = 1; i <= MODTOHAFSD_CalculateValues.len; i++){
myWriter _ write(MODTOHAFSD_CalculateValues.d_z_km_arr[i]+",");

}

myWriter.append(System.getProperty(''line.separator'));

myWriter _write("""'+MODTOHAFSD_CalculateValues.i_d_poly);

myWriter.append(System.getProperty(*'line.separator™));

for (int i = 1; i <= MODTOHAFSD_CalculateValues.i_d_poly+1; i++){
myWriter write(MODTOHAFSD_CalculateValues.d_cftnt_arr[i]+".");

}

myWriter.append(System.getProperty(*'line.separator™));
for (int i = 1; i <= MODTOHAFSD_CalculateValues.input_n_obs; i++){
myWriter write(""""+(MODTOHAFSD_GetConstReg.input_reg_val[i])+".,") ;

}
myWriter.close();
}
}
else
//pops up error message
}

3}
catch(Exception el) {
el.printStackTrace();

}

}else if(ae.getActionCommand() -equals('Constant offset™)){
cv.getAnamolyValues(MODTOHAFSD_MainPanel .captureValues());
MODTOHAFSD_GetConstOff gc = new MODTOHAFSD_GetConstOff();
gc.constOff();

}else if(ae.getActionCommand() -equals('Constant half strike™)){

cv.getAnamolyValues(MODTOHAFSD_MainPanel .captureValues());
MODTOHAFSD_GetConstHaf gch = new MODTOHAFSD_GetConstHaf();
gch.constHaf();

}else if(ae.getActionCommand() .equals('Constant regional™)){
cv.getAnamolyValues(MODTOHAFSD_MainPanel .captureValues());
try {

cv.getCoefficients();
} catch (MODTOHAFSD_HandleException e) {

e_printStackTrace();
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MODTOHAFSD_GetConstReg gcr = new MODTOHAFSD_GetConstReg();
gcr.constReg();
for(int i=1;i<=MODTOHAFSD_CalculateValues. input_n_obs;i++){
MODTOHAFSD_CalculateValues. len=0;

}
}else if(ae.getActionCommand() -equals(*Variable offset™)){

try{
MODTOHAFSD_TableView.populateEastPanel (rowdata);
cv.getAnamolyValues(MODTOHAFSD_MainPanel .captureValues());
MODTOHAFSD_OffsetVal ov = new MODTOHAFSD_ Offsetval();
ov.valQ;
DecimalFormat df = new DecimalFormat(*'O._##");

for (int i = 1;i <= MODTOHAFSD_CalculateValues.input_n_obs; i++){
for (int j = 05§ < 25 j++){
MODTOHAFSD_OffsetVal .off[i-1][1]=
df.format(MODTOHAFSD_GetConstOff.input_y km[i]);
MODTOHAFSD_OffsetVal .off[i-1][0]= df.format(i);
MODTOHAFSD_OffsetVal .table.setValueAt(MODTOHAFSD_OffsetVal .off[i-1][j]1,i-1
. 1)
}
¥

b
catch(Exception e){

¥
}else if(ae.getActionCommand() -equals('Variable half strike™)){

try{
MODTOHAFSD_TableView.populateEastPanel (rowdata);
cv.getAnamolyValues(MODTOHAFSD_MainPanel .captureValues());
MODTOHAFSD_HalfstrikeVal sv = new MODTOHAFSD_HalfstrikeVal();
sv.val(Q);
DecimalFormat df = new DecimalFormat("'0.##");

for (int 1 = 1; i <= MODTOHAFSD_CalculateValues.input_n_obs; i++){
for (int j = 0; j < 2; j++){
MODTOHAFSD_HalfstrikeVal _haf[i-1]1[1]=
df._format(MODTOHAFSD_GetConstHaf.input_strike_km[i]);
MODTOHAFSD_HalfstrikeVal _haf[i-1][0]= df.format(i);
MODTOHAFSD_HalfstrikeVal .table.setValueAt(MODTOHAFSD_HalfstrikeVal .haf[i-1
101.i-1, 1);
}
}

¥
catch(Exception e){

}
}else if(ae.getActionCommand() .equals('Flow module™)){

try {
String path = "“Flow module.txt";

File pptFile = new File(path);
it (pptFile.exists)) {
if (Desktop.isDesktopSupported()) {
Desktop.getDesktop() -open(pptFile);
} else {
System.out.printIn(’'Desktop is not supported!'™);
}

} else {
System.out.printIn("'File does not exists!™);
}

System.out.printin('Done™);

} catch (Exception ex) {
JFrame frame = null;
JOptionPane.showMessageDialog(frame,
"System cannot open the file\n",
"Error!",
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JOptionPane .ERROR_MESSAGE) ;

}
}else if(ae.getActionCommand() -equals('Readme')){

try {
String path = "Readme.txt";

File pptFile = new File(path);
if (pptFile.exists()) {
if (Desktop.isDesktopSupported()) {
Desktop.getDesktop() -open(pptFile);

} else {
System.out.printIn('Desktop is not supported!');
}

} else {

System.out.printin(C'File does not exists!");
}

System.out.printin(’'Done™);

} catch (Exception ex) {
JFrame frame = null;
JOptionPane.showMessageDialog(frame,
"System cannot open the file\n",
"Error!",
JOptionPane.ERROR_MESSAGE) ;

¥
}else if(ae.getActionCommand().equals(Exit™)){
JFrame frame = null;

int r = JOptionPane.showConfirmDialog(
frame,
"Exit MODTOHAFSD ?*,
“"Confirm Exit ",
JOptionPane.YES_NO_OPTION);
if(r == JOptionPane.YES_OPTION ){
if(success==false){
String fileName = MODTOHAFSD_CalculateValues.input_area_name+"_jpg";
File f = new File(FileName);
f.delete();

%ystem-exit(O);
¥
}

be

public void setZero(){
MODTOHAFSD_CalculateValues. input_area _name = "'';
MODTOHAFSD_CalculateValues.count=0;
MODTOHAFSD_CalculateValues.d_cftnt_arr=null;
MODTOHAFSD_CalculateValues.d _x_km arr = null;
MODTOHAFSD_CalculateValues.d_z_km_arr null;
MODTOHAFSD_CalculateValues.dep=null;
MODTOHAFSD_CalculateValues._err=null;
MODTOHAFSD_CalculateValues.errl=null;
MODTOHAFSD_CalculateValues.i_d _poly = 0;
MODTOHAFSD_CalculateValues.in_gob=null;
MODTOHAFSD_CalculateValues.input_al_err=0;
MODTOHAFSD_CalculateValues. input_ddx_km=0;
MODTOHAFSD_CalculateValues. input_ele_km=null;
MODTOHAFSD_CalculateValues. input_ite _num=0;
MODTOHAFSD_CalculateValues. input_lambda_st=0;
MODTOHAFSD_CalculateValues. input_max_ano=0;
MODTOHAFSD_CalculateValues. input_min_ano=0;
MODTOHAFSD_CalculateValues. input_n_obs=0;
MODTOHAFSD_CalculateValues. input_nob_gob=null;
MODTOHAFSD_CalculateValues. input_reg_val=null;
MODTOHAFSD_CalculateValues. input_sd_val=null;
MODTOHAFSD_CalculateValues. input_strike_km=null;
MODTOHAFSD_CalculateValues.input_y_km=null;
MODTOHAFSD_CalculateValues. input_zmax_km=0;
MODTOHAFSD_CalculateValues. len=0;
MODTOHAFSD_CalculateValues._.np=0;
MODTOHAFSD_CalculateValues.o_dep=null;
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MODTOHAFSD_CalculateValues.o_funct=null;
MODTOHAFSD_CalculateValues.o_gc=null;
MODTOHAFSD_CalculateValues.o_iter=0;
MODTOHAFSD_CalculateValues.obj=null;
MODTOHAFSD_CalculateValues.vsd=null;
MODTOHAFSD_CalculateValues.x=null;

package com.modtohafsd.util;
import com.modtohafsd.model .MODTOHAFSD_CalculateValues;
public class MODTOHAFSD_Utility {
public static double convertDouble(String str) throws Exception {

Double temp = new Double(str.trim(Q));
return temp.doubleValue();

}

public static String convertString(String str) throws Exception {

String temp = new String(str.trim());
return temp;

}

public static int convertlnteger(String str) throws Exception {

Integer temp = new Integer(str.trim());
return temp.intValue();

}

public static int findMaximumNumber( double observe[]) {

double max
for (int i

0.0d;
0; 1 < observe.length; i++) {

if (Math.abs(observe[i]) > Math.abs(max)) {

max = observe[i];
3
3

int maxval = (int) max/3*5;
return maxVval;
}
public static int findMaximumNumber( double observe) {
double max = 0.0d;
int maxVal=0;
max = observe;
if (max < 5) {
maxVal = 5;
}
else if (max >= 5 && max <= 10) {
maxVal = 10;
}
else if ( max > 10 && max <= 15) {
maxVal = 15;
}
else if (max > 15 && max <= 20) {
maxVal = 20;

}

else
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maxVal = MODTOHAFSD_CalculateValues.o_iter;
}

return maxVval;

}
public static double findMaximumNumberl( double observe[]) {

0.0d;
1; 1 < observe.length; i++) {

double max
for (int i

if (Math.abs(observe[i]) > Math.abs(max)) {

max =(observe[i]);
}
¥

double maxVal = max;
return maxVal ;

public static double FfindMinimumNumberl( double observe[]) {

double max
for (int i

0.0d;
1; i1 < observe.length; i++) {

if ((observe[i]) < (max)) {

max = (observe[i]);
b
b

double maxvVal = max;
return maxVval;

e
public static double findMaximumNumber( double observe[], double anoval) {

double max
for (int i

anoVal ;
1; 1 < observe.length; i++) {

if ((observe[i]) > (max)) {

max = (observe[i]):
¥
}

double maxval = max;
return maxVval;

public static double[] convertDoubleArray(String str) throws Exception {
jJava.util_StringTokenizer st = new java.util_StringTokenizer(str, ",");
String temp = *';
jJava.util . ArrayList arr = new java.util.ArrayList();
while(st.hasMoreTokens()) {

temp = st.nextToken();
arr._add(temp);

double d_array[] = new double[arr.size() + 1];
for(int i = 0; i <= arr.sizeQ); i++) {
if (i ==0)
d_array[i]

else
d_array[i] = convertDouble( arr.get(i-1).toString() );

0.0;

return d_array;
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public static double[] DoubleArray(String str) throws Exception {
jJava.util._StringTokenizer st = new java.util_StringTokenizer(str, ",");
String temp = ""';
jJava.util . ArrayList arr = new java.util_ArrayList();
while(st.hasMoreTokens()) {

temp = st.nextToken();
arr._add(temp);

double d_array[] = new double[arr.size() + 1];

for(int i = 0; i < arr.size(Q); i++) {

d_array[i] convertDouble( arr.get(i).toString() );
return d_array;
}
public static int[] convertintegerArray(String str) throws Exception {
Java.util_StringTokenizer st = new java.util_StringTokenizer(str, ",");
String temp = **';

jJava.util . ArrayList arr = new java.util.ArrayList();
while(st.hasMoreTokens()) {

temp = st.nextToken();
arr._add(temp);
b
i

nt d_array[] = new int[arr.size() + 1];
for(int i = 0; i < arr.size(); i++) {

d_array[i] = convertinteger( arr.get(i).toString() );
}

return d_array;

package com.modtohafsd.util;

import java.awt.*;
import com.modtohafsd.view_MODTOHAFSD_ MainPanel;

public class MODTOHAFSD_HandleException extends Exception{
/**
*
*/
private static final long serialVersionUID = 1L;

public MODTOHAFSD_HandleException(){
Graphics g = MODTOHAFSD_MainPanel .img.getGraphics();
g.setColor(Color.white);
g-fillRect(0O, O, 1000, 600);
g-setColor(Color._black);
g.-setFont(new Font(Arial™, 20, 40));
g.-drawString(""ERROR. . .", 400, 325);
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CHAPTER
FOUR

Gravity Anomaly Modeling of Multiple Geologic
Sources having Differing Strike Lengths and
Arbitrary Density Contrast Depth Variations*

4.1 General

The deduced Bouguer gravity anomalies after a gravity survey are
considered to have been measured on topographic elevations below which
are included several anomalous mass distributions. Modeling and
inversion techniques are being routinely used to trace the outlines of

anomalous bodies from the observed gravity anomalies.

In gravity anomaly calculations, most studies consider the density
contrast as a constant (Pohanka, 1988, Ferguson et al., 1988). Owing to
the fact that variable density functions yield more reliable interpretations,
many forward modeling schemes are being developed using variable
density contrast functions to compute the gravity anomalies of geologic
sources, describing their geometries by a variety of geophysical models as
briefed under section 2.1 of Chapter-II. However, these density functions

* Published in Near Surface Geophysics (2013, 11, 363-370), European Association
of Geoscientists & Engineers (EAGE), The Netherlands.
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are efficient only when the subsurface density distribution follows some
empirical relationship either with depth or lateral position or a

combination of both (Chakravarthi and Ramamma, 2013d).

More often, vertically homogeneous rocks can be metamorphosed
leading to horizontal changes in density between different rock types. It is
also not uncommon that the subsurface density contrast may vary
significantly within short distances because of structural disturbances as
well as the differing lithological character of the rocks forming various
parts of the subsurface geology. Also the subsurface density distribution
becomes too complicated to be simulated by any one of the existing
density functions in regions where the depositional history, tectonics,
regional metamorphism and geochemical processes play vital roles in the
evolutionary processes of geological settings. Therefore, when attempt is
made to analyze the gravity anomalies of the subsurface, the anomalous
mass(es) must be described with appropriate geometries taking into
account their strike lengths and appropriate density contrasts

(Chakravarthi and Ramamma, 2013d).

This chapter deals with a semiautomatic modeling technique and
related GUI based software, FORMODTOHAF, in JAVA to interactively
model the gravity anomalies of multiple geologic sources having differing
strike lengths, thicknesses and density contrast variations. The
applicability of the technique is demonstrated with both synthetic and real

field examples.
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Figure 4.1 (a) Schematic representation of an anomalous mass in xz-plane by a stack
of 2.5-D vertical prisms. Different colours within the source represent
different density contrasts. (b) Geometry of a 2.5-D vertical
prism with N formations.
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4.2 Forward modeling - theoretical considerations

In a Cartesian-coordinate system, let the z-axis be positive vertically
downwards with the x-axis transverse to the strike of the anomalous mass
and the density contrast within the structure vary arbitrarily both with
depth and lateral position (Figure 4.1a). In the xz-plane, the source is
approximated with a series of vertical prisms, N,,s; in number, all having
the same width, 2T, but of different strike lengths, 2Y;, i =1, 2,.., N,ps.
Further, each prism may consist in any number of formations and the
density contrasts of these formations may vary arbitrarily in the vertical
and horizontal directions but for each formation the density contrast is
assumed as constant and remains unchanged along its strike. Figure 4.1b
shows the geometry of a prism at the ith observation on the profile. Let
this prism consist in N formations and be contained in the vertical
direction between the limits z; and zz. Each one of the formations of the
prism has a different density contrast, Ap;, [ = 1, 2,..., N (Figure 4.1b). The
gravity anomaly of the structure, Ag,, at any point, (xj,z;), outside the
source region (Figure 4.la) can be expressed as (Chakravarthi and

Ramamma, 2013d)

Nobs
Ags = Z Agl™, (4.1)
i=1
where,
N
Agi™ = Z Mgl (4.2)
k=1
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Here, Agl'°?, is the gravity effect of the k" formation within the prism

represented by,

9 1
Agmod = GfA — dudvdw. 4.3
I Pk oz J@w—x)? +v2 4+ (w — z)? (43)

v

Here, (u,v,w) are the coordinates of an element volume within the k"

formation and Apy is the density contrast of the corresponding layer.

Equation (4.3) can be expressed as

T Y Zk+1
mod (W - Zj) dudvdw
Agi°® = GApy 5 (4.4)

u=-Tv=-Y w=zg (u—xj) +v2 + (w —z) ]

where, 7 and z,, represent the depths to the top and bottom of the k"

formation respectively. Upon integration equation (4.4) becomes (Rama

Rao et al., 1999)

Agmod — 26 A {Bt _1YA Y1R+A AlR+Y}
G T eusp B tan Sy T oM AT 2 Ry

u=T w =244

u=-T w=2z, ' (4:5)

where, A = (u — xj), B = (W — Zj), R = VA? + B2 + Y2, This equation is valid
only for the observations located on the profile, CC’ (Figure 4.1b). The
anomalous field at any offset, s, (such as on the profile, DD’, Figure 4.1b)
can be computed based on the procedure described in section 3.2.1 of

Chapter-III.
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4.2.1 Effects of profile azimuth and strike length on the magnitude of

gravity anomaly

Figure 4.2a shows the nature of gravity anomalies produced by a
2.5-D strike vertical prism along two selected profiles, out of which one
profile (FF’) runs transverse to the strike of the prism while the other (HH))
at 45° (Figure 4.2c). In this case, the prism is presumed to consist in three
geologic formations with each one possessing 10 km width (Figure 4.2b)

and 20 km strike length (Figure 4.2c).

— FF'
— HH'
— Ancmaly (2D)

_ Distance (km)
o 8 £ -4 -20246810){

-0.37 glom®

0.2 glem?

Depth (km)
20 km

z (b)

Figure 4.2 (a) Cumulative gravity effect of a 2.5-D prism along two selected
profiles, FF' and HH'. Anomaly produced by the same prism with infinite
strike length (2-D) is also shown for comparison. (b) Geometry of a
vertical prism containing three formations in xz- plane. (c) Plan
view of a vertical prism (schematic) in xy- plane with the

orientation of selected profiles.
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The assumed thicknesses of the three formations from top to
bottom are 1.0 km, 3.0 km and 1.0 km with corresponding density
contrasts -0.37 g/cm3, 0.2 g/cm3, and -0.22 g/cm?3 respectively (Figure
4.2b). The assumed values of -0.37 g/cm® and -0.22 g/cm3 typically
represent the density contrasts of sedimentary rocks at shallower and
larger depths, and 0.2 g/cm3 represents the density contrast of flood

basalt (presuming 2.67 g/cm3 as the density of basement complex).

It must be noted that equation (4.5) cannot be used to compute the
gravity anomalies of the prism along the profile, HH’, because the profile
runs at an angle to the strike of the prism (Figure 4.2c). In such a case,
the observer locations along this profile must be projected on to a profile
that runs transverse to the strike of the prism. This could be done by
multiplying the distance of each observation on the profile, HH’, with cosa,
where a is the angle between a profile that runs perpendicular to the
strike of the prism and the profile HH’ (Chakravarthi and Ramamma,
2013d). In this case, the observer locations along the profile, HH’, in the
interval, x; € [-10 km, 10 km], are projected on to the profile, EE’, before
using equation (4.5) to compute the gravity response (Figure 4.2a) of the
structure. The anomaly produced by the same structure along a profile,
FF’, at 9 km offset in the interval x; € [-10 km, 10 km] is also shown in
Figure 4.2a for comparison. One can notice from Figure 4.2a that the
anomalies calculated on the profile, FF’, and those by projecting the
observations along the profile, HH’, onto the profile, EE’, show significant

deviations from each other.
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Further, to study the effect of strike length on the anomaly; a large
value has been assigned to the strike of the prism (2-D) while keeping the
other parameters intact. The corresponding anomalous field calculated
using equation (4.5) is shown in Figure 4.2a. The magnitude of the
anomaly in this case differs from the one calculated by presuming the

structure as 2.5-D.

Therefore, the magnitude of gravity anomaly over a geologic
structure is dependent on its strike length, offset of the profile, and also
on the azimuth of the profile. The fact that the present algorithm is also
dependent on the magnitude of the anomalous filed consider these
parameters as vital in gravity modeling studies (Chakravarthi and

Ramamma, 2013d).

4.3 Description of software - FORMODTOHAF

Based on the methodology presented in section 4.2, a GUI based
JAVA software, FORMODTOHAF, is developed to model the gravity
anomalies of multiple subsurface geologic sources in an interactive mode
(Appendix 4.1). The code is user friendly in the sense that it allows model
construction and modification, the display of model geometry, depth and
the densities of various sub-surface formations, and real-time
computation of the gravity anomalies arising from the model. The input
layout consists of six fields and four menus. The graphical layout consists
of two panels one each for the anomaly and structure as shown in Figure

4.3.

166



The information pertaining to Area/Profile, number of observations,
station interval (km), observed anomaly (mGal), angle of the profile
(degrees) and station elevations (km) are to be entered in appropriate
fields of the input layout. The parameters pertaining to half strike length
(km), offset of the profile (km), number of formations that each prism
consists in, and their corresponding density contrasts and thicknesses

need to be specified under the menu ‘Model information’.

Menus Input
layout
B FORMODTOHAF - [O] =]
File  Model information  Anatysis Help
oy _
“ORWARD GRAVITY MODELING OF MULTIPLE GEOLOGICAL SOURCES s e

Figure 4.3 View module of FORMODTOHAF

The forward modeling option under the analysis menu computes the
gravity field of the model space and displays the response in the anomaly
panel along with the observed gravity anomaly. The corresponding model
space will also be displayed in the structure panel. The difference between

the observed and modeled gravity anomalies can be minimized in an
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interactive approach by modifying either density contrasts or thickness

parameters or a combination of both.

4.4 Applications

The applicability of the method is demonstrated with two examples,
one synthetic and a real. The synthetic model corresponds to a local scale
structure, where the depth of exploration is about 5 km, whereas the real
field example signifies a crustal scale structure associated with a suture
zone with the depth of investigation in excess of 40 km. In either case the

observer is on top of the topography, at z; = 0 km.

(a) Synthetic example

The plan view of a north-south striking sedimentary basin is shown
in Figure 4.4a with its depth structure in Figure 4.4c. The strike length of
the basin is finite but varies considerably across its width (Figure 4.4a).
The structure resembles to that of a typical block faulted rifted
sedimentary basin, where the post depositional tectonic activity might
have resulted in the formation of two prominent depressions in the
basement separated by a basement high (Figure 4.4c). In this case, low
density sediments are exposed at the surface in the vicinity of the
boundary fault towards the east and concealed under a thick pile of flood
basalt towards the west (Figure 4.4c). The profile, PP’, runs transverse and
covers the lateral dimensions of the basin completely (Figure 4.4a). The
basement is exposed at the surface on either ends of the profile at 1st and
34th km. The thickness of the basalt varies considerably along the profile,

about 0.5 km towards the east to about 3.0 km towards the west. The
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Figure 4.4 (a) Plan view of a sedimentary basin with the locations of selected profiles, PP' and PQ.
(b) Gravity responses along PP' and PQ. (c) 3-layered depth structure of a basin. Note that the
density contrast-depth data given in Table 1 is used to calculate the gravity anomalies of
the structure along the profile, PP', and Table 2 for PQ' respectively.
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assumed density contrast distribution of the basin is given in Table 4.1.
One can notice from Table 4.1 that the density contrast (absolute) of the
sediments at larger depths in the vicinity of the basement ridge shows
lesser magnitude, because of compaction due to post-depositional tectonic
activity. By and large the density contrast of the basalt remains
unchanged, whereas the density contrasts of concealed sediments vary
significantly both with depth and lateral position thus making it difficult

to simulate it with any of the existing density functions.

To realize forward gravity modeling of such a structure along a
selected profile, PP’, the subsurface is approximated with a stack of 18
juxtaposed vertical prisms having variable but finite strike lengths (Figure
4.4a and Figure 4.4c). Because the profile does not bisect the strike
lengths of the prisms except at 12 and 14 km, the offset of the profile from
the centre of each prism is measured and supplied to the algorithm as

part of the input.

The gravity response of the structure calculated at 18 observations
in the interval x; € [0 km, 34 km]| along the profile, PP’ is shown in Figure
4.4b. One can see from Figure 4.4b that the magnitude of the anomaly
hardly exceeds -2 mGal between 0-14 km on the profile although low-
density sediments of about 2 km thick exist below the basalt cover in the
western part. In the central part the cumulative gravity effect of the low-
density sediments exceeds the gravity effect of the overlying basalt thereby
yielding an anomaly of about -20 mGal. Towards the east the anomaly

attains its maximum (-25.9 mGal) over the exposed sediments.
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On the other hand, if the anomalies are intended to be calculated
using equation (4.1) along the profile, PQ, (Figure 4.4a), which runs at 45°
to the strike of the structure, then the observer locations, x; € [0 km, 34
km], along this profile must be projected onto a profile that runs
transverse to the strike of the source, such as PP’ (Figure 4.4a). It is to be
noted that the projected component of the profile PQ on the profile PP’
(shown as PQ’ in Figure 4.4a) fails to cover the lateral dimensions of the
structure completely. Furthermore, the station interval in this case
becomes 1.414 km and accordingly the subsurface needs to be
approximated by a stack of prisms with the width of each prism as 1.414
km. As a result, the subsurface is described with a set of 25 vertical
prisms having variable but finite strike lengths (the simulated structure of
the basement in this case is shown in Figure 4.4c). The density contrast-
depth data for this simulation of the structure are given in Table 4.2. The
gravity anomaly of the structure calculated over the length of the profile,
PQ’, is shown in Figure 4.4b. One can notice from Figure 4.4b that the
magnitude of the gravity anomaly in this case differs from the one

calculated along the profile, PP’.

Therefore, interpretation schemes that are valid to analyze the
gravity anomalies along profiles transverse to the strike of the anomalous
mass should not be used directly to analyze the gravity anomalies if the
profile fails to run perpendicular to the strike of the anomalous source

(Chakravarthi and Ramamma, 2013d).
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(b) Field example - Superior and Churchill structural provinces, Canadian

Shield

The Superior and Churchill structural provinces of the Canadian
Shield meet across a major Proterozoic fold belt known as the Circum-
Ungava geosyncline, which was interpreted by Wilson (1968) as a
Precambrian suture. Based on the structural features, the geosyncline is
segmented into the Belcher fold belt, the Cape Smith fold belt and the
Labrador trough. The Cape Smith fold belt forms a part of the suture zone
between the Churchill and Superior structural provinces and runs east-
northeast across the northern part of the Ungava craton over a distance of
350 km. Both mafic and ultramafic intrusive rocks occur throughout the
belt in the form of concordant sills and sedimentary rocks occur toward
the base of the fold belt succession. Granodioritic gneiss, paragneiss and
a granulite suite of rocks form the Churchill province whereas Archean
granodiorite and granodiorite gneiss located to the south belong to the
Superior province (Bergeron, 1957; Stam, 1961; Baragar 1974). A major

thrust fault with a northward dip of 45-65° cuts the fold belt.

The gravity data collected in and around the two structural
provinces referred above include static gravity measurements on land and
on an ice-surface and dynamic gravity measurements on the sea-surface.
The details of the gravity survey including gravity corrections, data
accuracy etc. were described in detail by Mukhopadhyay and Gibb (1981).
They have analyzed the gravity anomalies of the region using 2D modeling

along a few selected profiles in terms of the deep structure of the proposed
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suture and the structure of the fold belt. One such profile cuts across the
fold belt and parts of the two bordering cratons is shown in Figure 4.5a.
The positive gravity anomaly observed over the Cape Smith fold belt is
flanked on either side by negative gravity anomalies. The density contrasts
and thicknesses assigned to various blocks of the two provinces including
the fold belt in 2-D gravity modeling by Mukhopadhyay and Gibb (1981)
are shown in Figure 4.5b. The corresponding modeled gravity anomaly is
shown in Figure 4.5a. Their modeling had yielded a maximum thickness
of 55 km for the Churchill block, 13 km for the fold belt and 46 km for the

Superior crust in the neighborhood of the inter-province boundary.

In the present study, the estimated crustal structure by
Mukhopadhyay and Gibb (1981) is used as a starting model for analyzing
the observed anomalies by the present method. Unlike the case with 2-D,
the present method allows one in assigning different strike lengths to
different parts of the crustal blocks and the fold belt. Because the strike
length of the Cape Smith fold belt is 350 km (Mukhopadhyay and Gibb,
1981), the subsurface structure was simulated by 98 vertical prisms (80
prisms to describe the two bordering cratons and 18 for the fold belt)
having different strike lengths. Large values are assigned to the strike
lengths of the prisms that are used to describe the Churchill and Superior
provinces whereas a strike length of 350 km was assigned to each of the
prisms describing the fold belt. The gravity anomalies calculated at 98
observations in the interval x; € [0 km, 400 km] are shown as solid dots in
Figure 4.5a. One can see from Figure 4.5a that the observed gravity

anomalies and the ones calculated by the present method using the
175



‘Jopows pajaidiayul 419Y3

ynm buopp umoys a4v (186 1) qqio puv AvAypodoyynpy Aq saoulnoid omi ayi fo $300]q juaLaffip 03 paubissp

(qwo /b) s3SsDAFU00 AFISUa (PSTOZ PUWWDWDY PUD 1YDADLYDYD) poyjow juasald ayj Aq aanjonais pisnio daap pajapo (q)

"P12oWYS ULIpOUD) ‘saoulnold 1oradng puv youny) ‘epjoid FS-MN P buorp sanpwoun Ananib pajapow puv paaiasqQ (v) G aunbiy

(a)
poylaw juasaid Aq |apow pajaidiaiul L.__\

uolrelaldiaiul s,qqio pue
AeAypedoyyniy uo paseq |apoN &?__s
62°0-
¥'0-

LN S N N N N N
A A A A A A N N N N N A N A A A A N A A A A A A A N N N N N R A A A A N N N N N R R A L

UL T T T T T T T T L T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T Y 1\ Q
TR T T T T T T T T T
A A A AR AR AR AR AR ARSIty T o] [0 INTTIEYs [ Eauatediite

T€0-

€e0-

3

R P N o N N N o o N N N N N N N N N N AR S s S s s T T s 20 1uaJin v0°0
S N A A A AT AN A A AL AL A LA A SR A AL AT AT AL |

[y
Cul o W i W i i ki N N NN, L S S S N N N NN,

IR A A A A e S AT AU AT ALt S e R R R R e

v g NS .
B A A I A N R N N N N N N R R R N N N N N N N N N R R R R N N N N R NN APPSR T T T T T 6 76

LyRA S Nl Nl N Nl Nt N NN A S N Sl Sl Nl Nl N N N N Nt S S N R i a’a s

A A A A A A R N N N N A N A A A A N N R N A A A A A A N N N N N N R N R A A R A N N N R AL s 4] ',

poylaw juasaid ayl Ag aimonis
panoidwi Jo saiewoue palepon , o ,°

(186T) aqio pue AeAypedoyyniy Aq
paJliajul 81N19N.IS 8yl UO paseq poylaw
wasalid ay Ag saljewoue paBpoN N\

(1867 ‘qaio pue AeAypedouynin)
yoeoidde gg Buisn saifewoue psjepoN , ~ _/

saljewoue panlasqo AN\

09

o
2
(wy) ydag

o
N

0¢

oy

09

08

(reow) Arewouy

176



estimated depth structure by Mukhopadhyay and Gibb (1981) display
similar characteristics but they differ in magnitude. Attributing such a
large difference in magnitude (~10 to 20 mGal) between these anomalies

to digitization errors is ruled out (Chakravarthi and Ramamma, 2013d).

The difference between these two anomalies can be minimized either
by adjusting the thicknesses of the various blocks used in the
interpretational model or the density contrasts assigned to them or a
combination of both. Since the density contrasts assigned to the various
blocks in the interpretation are determined based on the density
measurements of surface rock samples (Mukhopadhyay and Gibb 1981)
no attempt was made to modify the density contrasts. Instead, the
thicknesses of the crustal blocks are adjusted together with the fold belt
until the cumulative gravity effect of the structure mimics the observed
anomalies. The refined subsurface structure is shown in Figure 4.5b and
the corresponding modeled anomalies in Figure 4.5a. By and large the fit
between the modeled anomalies and the observed ones is satisfactory

(Figure 4.5a).

One can see from Figure 4.5b that the refined structure from
present modeling deviates modestly from the one interpreted by
Mukhopadhyay and Gibb (1981). For example, i) the maximum thickness
of the Cape Smith fold belt obtained from the present method is 10 km
compared to the estimated thickness of 13 km by Mukhopadhyay and
Gibb (1981), ii) the western boundary of the base of the fold belt is

shallower than the one interpreted by Mukhopadhyay and Gibb (1981)
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and iii) the Churchill block is much thicker than the one estimated by

Mukhopadhyay and Gibb (1981).

4.4 Results and Discussion

The effects of strike length and azimuth of the profile on the
magnitude of the gravity anomaly are discussed in detail. It is
demonstrated that if the profile along which modeling is intended runs at
an angle to the strike of the anomalous source, then the observer
locations need to be projected onto a profile that runs transverse to the
strike of the source. Such a transformation would lead to shortening the
profile length. Hence, the profile length must be chosen such that its
projected component on a profile transverse to the strike of the anomalous
source covers the lateral dimensions of the structure completely

(Chakravarthi and Ramamma, 2013d).

In case of synthetic example, gravity anomalies are calculated over a
typical rifted sedimentary basin along two selected profiles where one runs
transverse to the strike of the structure and the other at an angle. It was
found that the magnitudes of the anomalies in each case differ from each

other even though the subsurface geology remains the same.

In case of real field example pertaining to the Churchill and
Superior provinces in the Canadian Shield, the interpreted subsurface
model from the present method shows modest deviations from the one

reported previously by Mukhopadhyay and Gibb (1981).
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The proposed method has the advantage that it can be used to
model the gravity anomalies of variety of subsurface geological structures
because it does not prevent one in choosing the number of prisms/

formations to be considered in the interpretation model.
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Appendix 4.1 - FORMODTOHAF

"FORMODTOHAF : A GUI based JAVA code for gravity modeling of multiple strike limited geological
sources".

The system requirements to run the program are:-

Java Development kit(jdk)1.6 & above
RAM : 512 MB.
Disk space: 70 MB.

package com.formodtohaf.view;

import java.awt.*;

import java.awt.event._WindowAdapter;

import java.awt.event_WindowEvent;

import java.io.File;

import javax.swing.JFrame;

import javax.swing.JOptionPane;

import com.formodtohaf.control .FORMODTOHAF_Controller;
import com.formodtohaf.model .FORMODTOHAF_CalculateValues;

public class FORMODTOHAF _MainView extends Frame{

private static final long serialVersionUID = 1L;
public static void main(String s[])

FORMODTOHAF_MainView cm = new FORMODTOHAF MainView();
cm.setSize(1280, 768);
cm.addWindowListener(new WindowAdapter(){
public void windowClosing(WindowEvent e){
JFrame frame = null;
int r = JOptionPane.showConfirmDialog(
frame,
"Exit FORMODTOHAF ?',
"Confirm Exit ",
JOptionPane.YES_NO_OPTION);
if(r == JOptionPane.YES_OPTION ){
i T(FORMODTOHAF_Controller.success == false){
String fileName = FORMODTOHAF_ CalculateValues. input_area_name+".jpg";
File f = new File(FileName);
f.delete();

System.exit(0);

}
s i
cm.setTitle(""FORMODTOHAF") ;
cm.setResizable(true);
cm.add(new FORMODTOHAF_MainPanel(cm));
cm.setVisible(true);

package com.formodtohaf.view;
import java.awt.*;

import java.io.*;

import java.util_HashMap;

import javax.swing.JFileChooser;

import jxlI_Cell;
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import jxI.CellType;

import jxl.Sheet;

import jxlI_Workbook;

import jxl._read.biff_BiffException;

import com.formodtohaf.util . FORMODTOHAF_Utility;

import com.formodtohaf.view.constant.FORMODTOHAF GetConstHaf;
import com.formodtohaf.view.constant.FORMODTOHAF_ GetConstOff;
import com.formodtohaf.view.getvalues.FORMODTOHAF_GetDenDep;
import com.formodtohaf.view.getvalues.FORMODTOHAF_GetStrVal;

public class FORMODTOHAF_MainPanel extends Panel {

/**
*/
private static final long serialVersionUID = 1L;
static Panel p_North;
public static Panel p_East;
public static Panel p_Center;
public static TextField inputValues [] = new TextField[15];
public static TextArea img = new TextArea(46,140);
public static Label graphLabel;
Object rowdata[][1={}:

/**Field Area Name*/

final static int AREA FE = O;
/**Number of observations*/
final static int NOBS = 1 ;
/**Distance(km)*/

final static int X_ KM = 2;
/**0bserved Anomaly*/

final static int OBS ANO = 3;
/** Angle of the profile */
final static int ANG_PRO = 4;
/**Elevations(km)*/

final static int ELE_ KM = 5;

public FORMODTOHAF_MainPanel (FORMODTOHAF MainView cm){
this.setLayout(new BorderLayout());

p_East = new Panel ();

p_Center = new Panel();

p_North = new Panel Q;

graphLabel = new Label (""FORWARD GRAVITY MODELING OF MULTIPLE GEOLOGICAL SOURCES™,
Label .CENTER);

graphLabel .setFont(new Font("Arial', 10, 28));

p_Center.add(graphLabel);

for(int 1 = 0; 1 < 10; i++){
inputValues[i] = new TextField();

}

FORMODTOHAF_MainPanel .populateNorthPanel () ;
FORMODTOHAF_TableView.populateEastPanel (rowdata) ;
this.add(p_North, BorderLayout.NORTH);
p_Center.setSize(1000, 760);
this.add(p_Center, BorderLayout.CENTER);
img.setEditable(false);

p_Center.add(img);

this.add(p_East, BorderLayout.EAST);
this.setVisible(true);

MenuBar mb = new MenuBar();
cm.setMenuBar(mb);

Menu File = new Menu('File™);

Menu File2 new Menu(*'Model information™);
Menu Ffile3 new Menu(“Analysis™);

Menultem 11,i2,13,i5,16,17,18,19,111,1i21,1i10;
file.add(il = new Menultem('New'™));
file.add(i2 = new Menultem('Load file™));
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file.add(i3 = new Menultem(*'Save file™));
file.add(i5 = new Menultem('Clear'™));

file.add(i6 = new Menultem(Exit™));

Menu off = new Menu('Offset™);

Menultem offl,off2;

off_add(offl = new Menultem(“'Constant offset™));
off.add(off2 = new Menultem(*Variable offset™));
file2_add(off);

Menu half = new Menu(“'Half strike™);

Menultem hl,h2;

half.add(hl = new Menultem('Constant half strike'™)
half.add(h2 = new Menultem('Variable half strike™));
file2_add(half);

file2_addSeparator();

file2_add(i7 = new Menultem("'Formation info'™));
file2_add(ill = new Menultem(‘'Density contrast & Depth™));

file3.add(i9 = new Menultem("'Forward modeling'));

file3.add(i21 = new Menultem(*'Save and Print'™));

Menu help = new Menu(“Help'™);

help.add(il0 = new Menultem('Flow module™));

help.add(i8 = new Menultem("'Readme'™));

mb.add(file);

mb.add(file2);

mb.add(file3);

mb.add(help);

il.addActionListener(new com.formodtohaf.control . FORMODTOHAF_Controller());
i2_addActionListener(new com.formodtohaf.control FORMODTOHAF_Controller());
i3.addActionListener(new com.formodtohaf.control .FORMODTOHAF_Controller());
i5.addActionListener(new com.formodtohaf.control.FORMODTOHAF_Controller());
i6.addActionListener(new com.formodtohaf.control . FORMODTOHAF_Controller());
i7.addActionListener(new com.formodtohaf.control _ FORMODTOHAF_Controller());
ill_addActionListener(new com.formodtohaf.control .FORMODTOHAF_Controller());
offl.addActionListener(new com.formodtohaf.control.FORMODTOHAF_Controller());
off2.addActionListener(new com.formodtohaf.control . FORMODTOHAF_Controller());
hl_addActionListener(new com.formodtohaf.control .FORMODTOHAF_Controller());
h2_addActionListener(new com.formodtohaf.control .FORMODTOHAF_Controller());
i9.addActionListener(new com.formodtohaf.control.FORMODTOHAF_Controller());
i21_addActionListener(new com.formodtohaf.control .FORMODTOHAF_Controller());
i10._addActionListener(new com.formodtohaf.control _.FORMODTOHAF_Controller());
i8.addActionListener(new com.formodtohaf.control .FORMODTOHAF_Controller());

o/ \o/
wiua

public static void populateNorthPanel O{
p_North.setLayout(new GridLayout(6,3));

p_North_add(new Label(“"Area/Profile™));
p_North._add(inputValues[0]);

p_North.add(new Label("'Number of observations'™));
p_North._add(inputValues[1]);

p_North_add(new Label(*'Station interval (km)'™));
p_North._add(inputValues[2]);

p_North.add(new Label(""Observed anomaly (mGal)'));
p_North._add(inputValues[3]);

p_North_add(new Label(""Angle of the profile (degrees)'™));
p_North._add(inputValues[4]);

p_North.add(new Label("Elevations(km)'™));
p_North._add(inputValues[5]);

public static HashMap captureValues(){
HashMap h_Map = new HashMap();

try {

h_Map.put("'N_OBS™, inputValues[N_OBS].getText());
h_Map.put(""'X_KM™, inputValues[X_KM].getText());
h_Map.put(""ELE_KM", inputValues[ELE_KM].getText());
h_Map.put("'AREA_FE", inputValues[AREA_FE].getText());
h_Map.put("'ANG_PRO™, inputValues[ANG_PRO] .getText());
h_Map.put("'OBS_ANO", inputValues[OBS_ANO].getText());

he
catch (Exception e) {
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e.printStackTrace();
}

return h_Map;

}

public static void clearPanel (TextArea p) {

Graphics g = p.getGraphics(Q);

g-setColor(Color _WHITE);

g-fillRect(0, 0, 1280, 650);
}

public static void loadDatal()throws I0Exception {
try{

String current = System.getProperty(‘user_dir');

JFileChooser chooser=new JFileChooser(current);

int returnval = chooser.showOpenDialog(null);

String ele[],off[].,haf[],nfm[].den[].,dep[],0bs[]:

String eleval=""",offval=""",hafval="",nfmval="",denval=""",depval=""",obsval=""";
Workbook w;

if(returnval == JFileChooser . APPROVE_OPTION) {
File ¥ = chooser.getSelectedFile();
w = Workbook.getWorkbook(f);
Sheet sheet = w.getSheet(0);

ele = new String[sheet.getRows()+1];
off = new String[sheet.getRows()+1];
haf = new String[sheet.getRows()+1];
nfm = new String[sheet.getRows()+1];
den = new String[sheet.getRows()+1];
dep = new String[sheet.getRows()+1];
obs = new String[sheet.getRows()+1];

for (int j = 0; j < sheet.getColumns(Q); j++) {
for (int i = 1; i < sheet.getRows(); i++) {
Cell cell = sheet.getCell(, 1);
CellType type = cell.getType();

if (type == CellType.LABEL) {

FORMODTOHAF_MainPanel . inputValues[FORMODTOHAF_MainPanel .AREA_FE] .setTe
xt(cell.getContents());

}
if (type == CellType.NUMBER) {

it ==1){
FORMODTOHAF_MainPanel . inputValues[FORMODTOHAF_MainPanel .N_OBS] .set
Text(cell.getContents());

it g==2){
FORMODTOHAF_MainPanel . inputValues[FORMODTOHAF_MainPanel .X_KM] .setT
ext(cell _getContents());

%f g==3){
obs[i] = cell.getContentsQ+",";
obsval = obsval+obs[i];

}

it g==4){

FORMODTOHAF_MainPanel . inputValues[FORMODTOHAF_MainPanel .ANG_PRO].s
etText(cell.getContents());

if (g==5){
ele[i] = cell._getContents(Q+",";
eleval = eleval+ele[i];

}

it (==6){

haf[i] = cell_getContents(Q)+",";
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hafval =

}

it g=7){
off[i] =
offval =

Ir G=o)
nfm[i] =
nfmval =

Yo

it g==9){
den[i] =
denval =

Yo

it (g==10){
dep[i] =
depval =

}

FORMODTOHAF_MainPanel . inp
FORMODTOHAF_MainPanel . inp

FORMODTOHAF_GetConstHaf. i

hafval+haf[i];;

cell_getContents(QQ+",";
offval+off[i];;

cell_getContents(QQ+",";
nfmval+nfm[i];;

cell_getContents(QQ+",";
denval+den[i];;

cell_getContents(QQ+",";
depval+dep[i];:

utValues[FORMODTOHAF_MainPanel .ELE_KM].setText(**'+eleval)
utValues[FORMODTOHAF_MainPanel .OBS_ANO] .setText('""'+obsval

nput_strike_km =

FORMODTOHAF_Utility.convertDoubleArray(hafval);

FORMODTOHAF_GetConstOff. i

nput_y_km =

FORMODTOHAF_Utility.convertDoubleArray(offval);

FORMODTOHAF_GetStrVal .nfm
FORMODTOHAF_GetDenDep.den
FORMODTOHAF_GetDenDep .dep

}

}

catch (BiffException €) {
e_printStackTrace();

} catch (Exception e) {

e._printStackTrace();
}

}

public static void clearDefaultValues
inputValues[N_OBS].setText("""");
inputValues[X_KM].setText("""");
inputValues[ELE_KM].setText(""");
inputValues[ANG_PRO].setText('""");
inputValues[AREA_FE].setText('""");
inputValues[OBS_ANO].setText("""");

package com.formodtohaf.view;

import java.awt.Button;

import java.awt.Dimension;

import java.awt._Font;

import java.awt.Label;

import java.awt.event._ActionEvent;
import java.awt.event_ActionListener;

import javax.swing.JScrollPane;
import javax.swing.JTable;

FORMODTOHAF_Utility.convertDoubleArray(nfmval);
FORMODTOHAF_Utility.convertDoubleArray(denval);
FORMODTOHAF_Utility.convertDoubleArray(depval);

Of

import com.formodtohaf._model .FORMODTOHAF_CalculateValues;
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import com.formodtohaf.view.getvalues.FORMODTOHAF_GetDenDep;

public class FORMODTOHAF_DenDep implements ActionListener{

public static JTable table;

Button bt = new Button('Submit'™);

public static Object off[][]:

public void val(Q {
off = new Object[FORMODTOHAF CalculateValues. input_num_for+1][4];
FORMODTOHAF_MainPanel .p_Center.removeAll();
FORMODTOHAF_MainPanel .p_Center.repaint();
Label label2 = new Label('Column A: Density contrast(gm/cc) ", Label .CENTER);
label2.setFont(new Font("Arial™, 10, 18));
Label label3 = new Label(*"Column B: Depth(km) ', Label .CENTER);
label3_setFont(new Font(“Arial™, 10, 18));
FORMODTOHAF_MainPanel .p_Center .add(FORMODTOHAF_MainPanel .graphLabel);
FORMODTOHAF_MainPanel .p_Center.add(label?2);
FORMODTOHAF_MainPanel .p_Center.add(label3);
table = new JTable(FORMODTOHAF_CalculateValues.input_num_for, 2);
table._setPreferredScrollableViewportSize(new Dimension(300,300));
JScrollPane scrollPane = new JScrollPane(table);
scrol lIPane._setAutoscrolls(true);
FORMODTOHAF_MainPanel .p_Center.add(scrollPane);
FORMODTOHAF_MainPanel .p_Center.add(bt);
bt.addActionListener(this);
FORMODTOHAF_MainPanel .p_Center.validate();
FORMODTOHAF_MainPanel .p_Center.setVisible(true);

public void actionPerformed(ActionEvent ae){
if(ae.getActionCommand() -equals('Submit™)){
FORMODTOHAF_GetDenDep gfv = new FORMODTOHAF_GetDenDep();
gfv.getval();

package com.formodtohaf.view;

import java.applet.Applet;

import java.awt.Color;

import java.awt.Font;

import java.awt.Graphics2D;
import java.awt.geom.Line2D;
import java.awt.geom.Rectangle2D;
import java.text.DecimalFormat;

import com.formodtohaf.model .FORMODTOHAF_CalculateValues;
import com.formodtohaf._util _ FORMODTOHAF_Utility;

public class FORMODTOHAF_DrawGraph extends Applet {
/**

*

*/

private static final long serialVersionUID = 1L;
float maxX,maxY,maxY1l;

float maxZ,difT;

double obs[];

int sep;

public void drawGraph(Graphics2D g2) {

g2.setFont(new Font(“Arial™, 20, 12));
g2.setColor(Color.BLACK);

maxX = (Float) FORMODTOHAF_CalculateValues.x[FORMODTOHAF_CalculateValues. input_n_obs];
diff = (float) ( (FORMODTOHAF_CalculateValues.x[2]-FORMODTOHAF_CalculateValues._x[1]) 7/ 2);
diff = (float) (450 * diff / maxX);

g2.draw(new Line2D.Float(200-diff, 35,200-diff , 550 + 20));
g2.drawLine(70, 20, 1040, 20);

g2.drawLine(1040, 20,1040,600);

g2.drawLine(70, 20, 70, 600);

g2.drawLine(70, 600, 1040, 600);
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g2.drawString("'DISTANCE(km)', 383, 318);

String [Ja={"A", "N, "0, "M, "A™, "L, Y, "(m", "G, "a", "I, "s)"};
String [Jb={"D". “E". "P". "T". "H". "(k", "m)"};
for (int 1 = 0; 1 < a.length; i++) {

g2.drawString(""""+a[i], 120, 20 + 60 + (1 * 20 ) );
}

for (int i = 0; i < b.length; i++) {

g2.drawString(""+b[i], 120, 20 + 350 + C i * 20 ) );
}

}

public void plot(Graphics2D g){
g.setFont(new Font("Arial™, 20, 12));
g-setColor(Color.black);
maxX = (Float) FORMODTOHAF_Utility.findMaximumNumberl(FORMODTOHAF_ CalculateValues.x);
diff = (float) ( (FORMODTOHAF_CalculateValues.x[2]-FORMODTOHAF_CalculateValues.x[1]) /7 2);
diff = (float) (450 * diff / maxX);
double inidep = FORMODTOHAF_Utility.findMaximumNumberl(FORMODTOHAF_CalculateValues.dep);
double pos[] = new double[FORMODTOHAF_CalculateValues.input_n_obs];
double neg[] = new double[FORMODTOHAF_CalculateValues.input_n_obs];
double posob[] = new double[FORMODTOHAF _CalculateValues. input_n_obs];
double negob[] = new double[FORMODTOHAF_CalculateValues.input_n_obs];
int m=1,n = 1,u=1,v=1;
for (int k = 1; k <= FORMODTOHAF_CalculateValues.input_n_obs; k++) {

i F(FORMODTOHAF_CalculateValues.o_gc[k] > 0){
pos[m] = FORMODTOHAF_CalculateValues.o_gc[k]:

m=m+1

}

else{
neg[n] = FORMODTOHAF_CalculateValues.o_gc[k]:
n=n+1;

}
i F(FORMODTOHAF_CalculateValues.input_obs[k] > 0){
posob[u] = FORMODTOHAF_CalculateValues. input_obs[k];

u=u+1;

else{
negob[v] = FORMODTOHAF_CalculateValues. input_obs[k];
vV=v+1;

}

3
float ycal = FORMODTOHAF_Utility. findMaximumNumber(neg);
float yobs = FORMODTOHAF_Utility.FfindMaximumNumber(negob);
if(Math.abs(ycal)>Math.abs(yobs))

maxY = ycal;
else

maxY = yobs;

float posy = (float) FORMODTOHAF_Utility.findMaximumNumberl(pos);
float posmaxy = (float) FORMODTOHAF_Utility.findMaximumNumberl(posob);
i f(posy>posmaxy)

maxY1l = posy;
else

maxY1l = posmaxy;
maxZ = (Float) inidep;
DecimalFormat df = new DecimalFormat(*'0.#");
g-drawString('0",170-diff,80);
g-drawString(''0"", 170-diff,330);
g.drawString("|", 650, 318);
g-drawString( " '+df.format(FORMODTOHAF_CalculateValues.x[FORMODTOHAF_CalculateValues. input_
n_obs]) ,650 ,305);

int zinterval=50;

float xInterval=(float)
(FORMODTOHAF_CalculateValues.x[FORMODTOHAF_CalculateValues. input_n_obs]/5);
float xplot=0;

for (float x = xInterval, j =1; x < 600; x+=xInterval)

{
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xplot=xplot+xInterval;
if(>4)
break;
g-drawString(’|”, (float) (200+(450*x/maxX)), 318);
g.drawString("" + df.format(xplot), (float) (200+(450*x/maxX))-3, 305);
J++;

}

DecimalFormat ¥ = new DecimalFormat("'0.##");
g-drawString('""'+f.format(maxY1),165-diff, 45);

float point =maxzZ/5 ;

for(int x = zlnterval+250,j =1; x < 550; x+=zlnterval)

{
g-drawString(''-"",196-di ff,50+x+20) ;
g-drawString("" +df.format(point*j),165-diff,50+x+20);
Jt+;

}

}

public void plotXYCoordinates (Graphics2D g2){

float prevx = 200;
float prevy = 0;

float xpoint = 0;
float ypoint = 0;
float gypoint = 0;

it (FORMODTOHAF_CalculateValues.o_gc[1] < 0){
prevy = 70 + (float)( ( 250 * (FORMODTOHAF_CalculateValues.o_gc[1]) / maxY ) );

else{

prevy = 70 - (Ffloat)( ( 35 * (FORMODTOHAF_CalculateValues.o_gc[1]) 7/ maxYl ) );

for (int k = 1; k <= FORMODTOHAF CalculateValues.input_n_obs; k++) {
xpoint = (float)( 450 * FORMODTOHAF_CalculateValues.x[k] 7/ maxX);
if (FORMODTOHAF_CalculateValues.o_gc[k] < 0){
ypoint = 70 + (Ffloat)( ( 250 * (FORMODTOHAF_CalculateValues.o_gc[k]) /7 maxY ) );
else{
ypoint = 70 - (float)( ( 35 * (FORMODTOHAF_CalculateValues.o_gc[k]) 7/ maxY1l ) );
it (FORMODTOHAF_CalculateValues.input_obs[k] < 0){

gypoint = 70 + (float)( ( 250 * (FORMODTOHAF_CalculateValues.input_obs[k]) / maxY

else{

70 - (float)( ( 35 * (FORMODTOHAF_CalculateValues.input_obs[k]) 7/ maxYl

gypoint

g2.setFont(new Font(“Arial™, 20, 20));

g2.setColor(Color.BLACK);

g2.draw(new Line2D.Float(prevx, prevy, 200 + xpoint, ypoint ));
g2.setColor(Color.BLUE);

g2.setFont(new Font(“Arial’™, 20, 40));

g2.drawString('.", 200 + xpoint -6 , gypoint + 3);

prevx
prevy

200 + xpoint;
ypoint ;

}
+

public void plotZCoordinates (Graphics2D g2){
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float xpoint=0;

float xpointl=0;

float zpoint=0;

int u =1;

float points = maxY/5;

int ylnterval = 50;

g2.drawString(""'+(int)maxyY ,165-diff,320);

for (int x = ylnterval, j =1; x < 250; x+=ylnterval)

{
g2.drawString("'-"",196-diff,50+x+20);
g2.drawString("" + (int)(points*j), 165-diff,50+x+20);
Jt+;

¥

for (int k = 1; k <=FORMODTOHAF_CalculateValues.input_n_obs; k++)

i F(k<FORMODTOHAF_CalculateValues. input_n_obs){
diff = (float) (

(FORMODTOHAF_CalculateValues.x[k+1]-FORMODTOHAF_CalculateValues_x[k]) 7/ 2);

diff = (float) (450 * diff / maxX); }
for(int j = 1;j<=FORMODTOHAF_CalculateValues.nfm[k];j++){

xpoint = (float) (450 * FORMODTOHAF_CalculateValues.x[k]/ maxX);

if (k ==
xpointl = (float) (450 * FORMODTOHAF_CalculateValues.x[k+1]/ maxX);
g2.setColor(Color.black);
zpoint =(float) (250 * FORMODTOHAF_CalculateValues.dep[u] / maxZ);
g2.draw(new Rectangle2D.Float(200-diff, 320,xpointl-xpoint, zpoint ));
g2.setFont(new Font(“Arial™, 20,9 ));
g2.drawString(""""+FORMODTOHAF_CalculateValues.den[u],200+xpoint-diff,320+zpoint

else{
i F(k<FORMODTOHAF_CalculateValues.input_n_obs) {
xpointl = (float) (450 * FORMODTOHAF_CalculateValues.x[k+1]/ maxX);

}
zpoint =(float) (250 * FORMODTOHAF_CalculateValues.dep[u]/ maxZ);

g2.setColor(Color.black);

g2.draw(new Rectangle2D.Float(200+xpoint-diff ,320,xpointl-xpoint, zpoint ));
g2.setFont(new Font(“Arial™, 20,9 ));
g2.drawString(""""+FORMODTOHAF_CalculateValues.den[u],200+xpoint-diff,320+zpoint

}
i T(k==FORMODTOHAF_CalculateValues.input_n_obs){
xpointl = (float) (450 * FORMODTOHAF_ CalculateValues.x[k-1]/ maxX);
zpoint =(float) (250 * FORMODTOHAF_CalculateValues.dep[u]/ maxZ);
g2.draw(new Rectangle2D.Float(200+xpoint-diff, 320,xpoint-xpointl, zpoint ));

u = u+l;

¥
}
g2.setColor(Color.BLACK);

public void plotZCoordinatesele (Graphics2D g2) {

g2.setFont(new Font(“Arial™, 20, 12));

DecimalFormat f = new DecimalFormat('0.#");

int ylnterval=50;

float points = maxY / 5;

for (int x = yInterval, j = 1; x < 250; x+=ylnterval){

g2.drawString("'-"", 196-diff, 50 + x + 24);
g2.drawString(""" + f.format(points * j), 165-diff, 50 + x + 20);
J++;

}

float maxEle = (float)

FORMODTOHAF_Uti lity. findMaximumNumberl(FORMODTOHAF _CalculateValues.input_ele_km);
maxEle = Math.abs(maxEle);

float xpoint = 0;
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float prevx = 200-diff;

float elepoint[] = new Float[FORMODTOHAF_ CalculateValues.input_n_obs+1];

float preelepoint[] = new Float[FORMODTOHAF CalculateValues.input_n_obs+1];

float dis[] = new Ffloat[FORMODTOHAF_CalculateValues.input_n_obs+1];

float predis[] = new float[FORMODTOHAF_CalculateValues. input_n_obs+1];

float preele = 320 - (float)( ( 25 * Math.abs(FORMODTOHAF_CalculateValues.input_ele_km[1])
/ maxEle ) );

float xpointl = 0;

float zpoint = 0;

intu=1;

for (int k = 1; k <= FORMODTOHAF_CalculateValues.input_n_obs; k++) {

for(int j = 1;j<=FORMODTOHAF_ CalculateValues.nfm[k];j++){

diff (float) ( FORMODTOHAF_CalculateValues.input_ddx_km / 2);

diff (float) (450 * diff / maxX);

xpoint = (float) (450 * FORMODTOHAF_CalculateValues.x[k] /7 maxX);

if (k == 1){
xpointl = (float) (450 * FORMODTOHAF_CalculateValues._x[k+1]/ maxX);
g2.setColor(Color.black);
zpoint =(float) (275 * FORMODTOHAF_CalculateValues.dep[u] / maxZ);
g2.draw(new Rectangle2D.Float(200-diff, preele,xpointl-xpoint, zpoint ));
g2.setFont(new Font(“Arial™, 20,9 ));
g2.drawString(*"""+FORMODTOHAF_CalculateValues.den[u],200+xpoint-diff,295+zpoint

}

else{
i T(k<FORMODTOHAF_CalculateValues.input_n_obs) {
xpointl = (float) (450 * FORMODTOHAF_CalculateValues.x[k+1] / maxX);

by

zpoint =(float) (275 * FORMODTOHAF_CalculateValues.dep[u] / maxZ);

g2.draw(new Rectangle2D.Float(200+xpoint-diff ,295,xpointl-xpoint, zpoint ));
g2.setFont(new Font(“Arial™, 20,9 ));
g2.drawString(""""+FORMODTOHAF_CalculateValues.den[u],200+xpoint-diff,295+zpoint

}

i F(k==FORMODTOHAF_CalculateValues. input_n_obs){
xpointl = (float) (450 * FORMODTOHAF_CalculateValues.x[k-1]/ maxX);
zpoint =(float) (275 * FORMODTOHAF_CalculateValues.dep[u]/ maxZ);
g2.draw(new Rectangle2D.Float(200+xpoint-diff, 295,xpoint-xpointl, zpoint ));
g2.setFont(new Font(“Arial™, 20,9 ));
g2.drawString(""""+FORMODTOHAF_CalculateValues.den[u],200+xpoint-diff,295+zpoint

u = u+l;

b
for (int k = 1; k <= FORMODTOHAF_CalculateValues.input_n_obs; k++) {

g2.setColor(Color.BLACK);

xpoint = (float) (450 * FORMODTOHAF_CalculateValues.x[k] /7 maxX);

dis[k] = xpoint;

elepoint[k] = 320 - (float) (25 *
Math.abs(FORMODTOHAF_CalculateValues.input_ele_km[k]) 7/ maxEle);
preelepoint[k]= preele;

predis[k]= prevx;

g2.draw(new Line2D.Float(prevx, preele, (float)200 + xpoint, elepoint[k]));
prevx = 200+xpoint;

preele = elepoint[Kk];

%or(float i = (float)l.0; i<=25;){

for (int k = 1; k <= FORMODTOHAF_CalculateValues.input_n_obs; k++) {
g2.setColor(Color.WHITE);
g2.draw(new Line2D.Float(predis[k], preelepoint[k]-i, (float)200+dis[k],

elepoint[k]-i1));

i=(float) (i+0.5);

}
g2.setColor(Color.BLACK);
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/** Index of Graph*/
public void idex(Graphics2D @)

{
g.setFont(new Font(“Arial’™, 20, 40));
g-setColor(Color.BLUE);
g-drawString(''....",730,87);
g.-setFont(new Font("Arial™, 20, 20));
g.drawString('': Observed anomalies',780,90);
g-setColor(Color_BLACK);
g-drawString(” ©'*,730,127);
g.-drawString("'Theoretical anomalies'™,780,130);
g-drawRect(730, 160, 35, 10);
g-setColor(Color_BLACK);
g-drawString('':Depth Structure™, 780, 170);
}

package com.formodtohaf.view;

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;

import com.formodtohaf.model .FORMODTOHAF_CalculateValues;
import com.formodtohaf.view.getvalues.FORMODTOHAF_ GetHalfstrikeval;

public class FORMODTOHAF_HalfstrikeVal implements ActionListener {

public static JTable table;

Button bt = new Button('Submit');

public static Object haf[][];

public void val(Q) {
haf = new Object[FORMODTOHAF_ CalculateValues.input_n_obs+1][2];
com.formodtohaf.view.FORMODTOHAF_MainPanel .p_Center.removeAll();
com. formodtohaf.view.FORMODTOHAF MainPanel .p_Center.repaint();
Label label = new Label(*"Column A: Prism number *, Label.CENTER);
label .setFont(new Font("Arial'™, 10, 18));
Label labell = new Label('Column B: Halfstrike ', Label.CENTER);
labell_setFont(new Font(“Arial™, 10, 18));
FORMODTOHAF_MainPanel .p_Center .add(FORMODTOHAF_MainPanel .graphLabel);
FORMODTOHAF_MainPanel .p_Center.add(label);
FORMODTOHAF_MainPanel .p_Center.add(labell);

table = new JTable(FORMODTOHAF_CalculateValues.input_n_obs, 2);
table.setPreferredScrollableViewportSize(new Dimension(300,300));

JScrollPane scrollPane = new JScrollPane(table);
scrol IPane._setAutoscrolls(true);

FORMODTOHAF_MainPanel .p_Center.add(scrollPane);

FORMODTOHAF_MainPanel .p_Center.add(bt);

bt.addActionListener(this);

FORMODTOHAF_MainPanel .p_Center.validate();

com. formodtohaf.view.FORMODTOHAF MainPanel .p_Center.setVisible(true);

public void actionPerformed(ActionEvent ae){
if(ae.getActionCommand() -equals('Submit™)){
FORMODTOHAF_GetHalfstrikeval ghv = new FORMODTOHAF_GetHalfstrikevVal();
ghv.getval();

package com.formodtohaf.view;

import java.awt.*;

import java.awt.event._ActionEvent;
import java.awt.event_ActionListener;
import javax.swing.JScrollPane;

190



import javax.swing.JTable;

import com.formodtohaf._model .FORMODTOHAF_CalculateValues;
import com.formodtohaf.view.getvalues.FORMODTOHAF_GetOffsetVval;

public class FORMODTOHAF_OffsetVal implements ActionListener {

public static JTable table;

Button bt = new Button('Submit™);

public static Object off[][];

public void val(Q {
off = new Object[FORMODTOHAF_CalculateValues.input_n_obs+1][2];
FORMODTOHAF_MainPanel .p_Center.removeAll();
FORMODTOHAF_MainPanel .p_Center.repaint();
Label label = new Label("'Column A: Prism number ", Label.CENTER);
label .setFont(new Font(“"Arial', 10, 18));
Label labell = new Label(*Column B: Offset value ", Label _.CENTER);
labell.setFont(new Font("Arial™, 10, 18));
FORMODTOHAF_MainPanel .p_Center.add(FORMODTOHAF_MainPanel .graphLabel);
FORMODTOHAF_MainPanel .p_Center.add(label);
FORMODTOHAF_MainPanel .p_Center.add(labell);
table = new JTable(FORMODTOHAF_CalculateValues.input_n_obs, 2);
table._setPreferredScrollableViewportSize(new Dimension(300,300));
JScrollPane scrollPane = new JScrollPane(table);
scrol IPane._setAutoscrolls(true);
FORMODTOHAF_MainPanel .p_Center.add(scrollPane);
FORMODTOHAF_MainPanel .p_Center.add(bt);
bt.addActionListener(this);
FORMODTOHAF_MainPanel .p_Center.validate();
FORMODTOHAF_MainPanel .p_Center.setVisible(true);

public void actionPerformed(ActionEvent ae){
if(ae.getActionCommand() -equals('Submit™)){
FORMODTOHAF_GetOffsetVal gfv = new FORMODTOHAF_GetOffsetVal();
gfv.getval();

package com.formodtohaf.view;

import java.awt.Button;

import java.awt_Dimension;

import java.awt.Font;

import java.awt.Label;

import java.awt.event._ActionEvent;

import java.awt.event_ActionListener;

import javax.swing.JScrollPane;

import javax.swing.JTable;

import com.formodtohaf.model .FORMODTOHAF_CalculateValues;
import com.formodtohaf.view.getvalues.FORMODTOHAF_GetStrVal;

public class FORMODTOHAF_StrVal implements ActionListener {

public static JTable table;

Button bt = new Button('Submit'™);

public static Object off[][];

public void valQ {
off = new Object[FORMODTOHAF_ CalculateValues. input_num_for+1][4];
FORMODTOHAF_MainPanel .p_Center.removeAll();
FORMODTOHAF_MainPanel .p_Center.repaint();
Label label = new Label('Column A: Prism number ™, Label.CENTER);
label .setFont(new Font(“Arial™, 10, 18));
Label labell = new Label('Column B: Number of formations in each prism ",
Label _.CENTER);
labell.setFont(new Font("Arial™, 10, 18));
FORMODTOHAF_MainPanel .p_Center.add(FORMODTOHAF_MainPanel .graphLabel);
FORMODTOHAF_MainPanel .p_Center.add(label);
FORMODTOHAF_MainPanel .p_Center.add(labell);
table = new JTable(FORMODTOHAF_CalculateValues.input_n_obs, 2);
table._setPreferredScrollableViewportSize(new Dimension(300,300));
JScrollPane scrollPane = new JScrollPane(table);
scrol IPane._setAutoscrolls(true);
FORMODTOHAF_MainPanel .p_Center.add(scrollPane);
FORMODTOHAF_MainPanel .p_Center.add(bt);
bt._addActionListener(this);
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FORMODTOHAF_MainPanel .p_Center.validate();
FORMODTOHAF_MainPanel .p_Center.setVisible(true);

public void actionPerformed(ActionEvent ae){
if(ae.getActionCommand() .equals('Submit'™)){
FORMODTOHAF_GetStrVal gfv = new FORMODTOHAF_GetStrVal();
gfv_getval();

package com.formodtohaf.view;

import java.awt.*;
import javax.swing.JScrollPane;
import javax.swing.JTable;

public class FORMODTOHAF_TableView extends Panel{

/**
*

*/

private static final long serialVersionUID = 1L;

public static void populateEastPanel(Object rowData[][1) {
FORMODTOHAF_MainPanel .p_East.removeAll();
FORMODTOHAF_MainPanel .p_East.setlLayout(new GridLayout(1,1));
Object columnNames[] = {"'Distance(km)","Observed anamolies (mGal)","Theoritical anamolies
(mGal)™};
JTable table = new JTable(rowData, columnNames);
table_setPreferredScrollableViewportSize(new Dimension(300,550));
JScrollPane scrollPane = new JScrollPane(table);
scrollIPane.setAutoscrolls(true);
FORMODTOHAF_MainPanel .p_East.add(scrollPane);
FORMODTOHAF_MainPanel .p_East.validate();
FORMODTOHAF_MainPanel .p_East.setVisible(true);

package com.formodtohaf.model;

import java.awt.Color;

import java.awt.Graphics;

import java.awt.Graphics2D;

import java.awt.event.MouseAdapter;
import java.awt.event._MouseEvent;
import java.awt.event_MouselListener;
import java.awt.image.BufferedImage;
import java.io.File;

import java.io.FileOutputStream;
import java.text.DecimalFormat;
import java.util_HashMap;

import javax.imageio.lmagelO;

import com.formodtohaf._util . FORMODTOHAF_Utility;

import com.formodtohaf.view.FORMODTOHAF_MainPanel ;

import com.formodtohaf.view.constant.FORMODTOHAF GetConstHaf;
import com.formodtohaf.view.constant.FORMODTOHAF_GetConstOff;
import com.formodtohaf.view.getvalues.FORMODTOHAF_GetDenDep;
import com.formodtohaf.view.getvalues.FORMODTOHAF_GetStrVal;

public class FORMODTOHAF_CalculateValues {
public static int input_n_obs, input_num_for = 0O;
public static double input_ddx_km, input_ang_pro=0;
public static double x[],input_ele km[],o_dep[],input_obs[]= null;
public static double input_strike_km [],input_y km[]=null;
public static Object obj[][]1 = null;
public static double nfm[],den[],dep[] :
public static double [Jo_gc ,in_num[];
static Bufferedlmage image;
public static String input_area_name=""";
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public void getAnamolyValues(HashMap h_Map) {

try {

input_n_obs = FORMODTOHAF_Utility.convertinteger((String)h_Map.get(''N_OBS™));
input_ddx_km = FORMODTOHAF_Utility.convertDouble((String)h_Map.get("'X_KM™));
input_ele_km = FORMODTOHAF_Utility.convertDoubleArray((String)h_Map.get("'ELE_KM™));
input_area_name = FORMODTOHAF_Utility.convertString((String)h_Map.get(""AREA_FE'™));
input_obs = FORMODTOHAF_Utility.convertDoubleArray((String)h_Map.get("'OBS_ANO""));
input_ang_pro = FORMODTOHAF_Utility.convertDouble((String)h_Map.get("'ANG_PRO™));

}
catch(Exception e) {

ks
den = FORMODTOHAF_GetDenDep.den;

dep FORMODTOHAF_GetDenDep .dep;
input_y_km = FORMODTOHAF_GetConstOff.input_y_ km;
input_strike_km = FORMODTOHAF_GetConstHaf. input_strike_ km;
nfm = FORMODTOHAF_GetStrVal .nfm;
int s=0;
int g=0;
for(int 1 =1;i <= input_n_obs;i++){
S (int) nfm[i];
q = g+s;

}
i

nput_num_*Ffor =q;

b
public void cal({
int v =1;
double hafthc,ggr=0;
double yy[] = new double[3];
double dnn[] = new double[input_num_for+1];
double zrr[] = new double[input_num_for+1];
double dc[]1[1 = new double[input_num_for+1][input_num_for+1];
double zr[][1 = new double[input_num_for+1][input_num_for+1];
X = new double[input_n_obs+1];
0_gc = new double[input_n_obs + 1];

for(int i = 1;i <= input_n_obs; i++){

for(int j =1;j<=nfm[i];j++)<{

de[i]Li] = den[v];
zr[i1Li] = depl[vl:
V=v+1;

}
input_ang_pro = input_ang_pro* 3.14159265/180;
for(int 1 =1;i <= input_n_obs;i++){
x[i]= (i-1)* input_ddx_km *Math.cos(input_ang_pro);

hafthc = (x[2]-x[11)72;
for(int 1 =1;i <= input_n_obs;i++){
for(int j =1;j <= input_n_obs;j++){
double xx = x[i]- x[j1;
yy[1]= input_strike_km[j]+input_y km [j];
yy[2]= input_strike_km[j]-input_y km [j];
for(int k =1;k<=nfm[j];k++){
dnn[k] = dc[i]Ik];
zrr[K] = zr1Ik1;

by

double nfmm = nfm[j];

double ele = input_ele_km[j]:;

ggr = gprism(xx,yy,zrr,ele, input_ddx_km,hafthc,dnn,nfmm);
o_gc[i] = o_gc[i]+ggr;

}

setGraphValues(x, input_obs,o_gc);
drawGraph(Q);

}
public static double gprism(double xx,double yy[],double []Jzrr,double ele,double ddx,double
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hafthc,double []dnn,double nfmm) {

double gprm =0;

int effd = 0;

double []z;;

double []gs:;

double []gg = new double[5];

int kk=1;
double zt = 0.000000001;
do{
double dx = ddx / 10;
double zb = zrr[kk];

effd = effd+1;
double zdif = zb - zt;

int nd = (int)(zdif/dx)+1;

intnl =nd /7 2;

if(d-@*nl)<O0 ]l nd-(C2*n1l)>0){
nd = nd + 1;

}

double dz = zdif / nd;
int N2 = nd + 1;

z = new double[N2+1];
gs = new double[N2+1];

for (int JZ = 1; JZ <= N2; JZ++) {
z[JZ] = zt + dz*(JZ-1);

for (int JZ = 1; JZ <= N2; JZ++) {

double den = dnn[effd];
double t1 = 13.3333 * den;
for (int kI = 1; kI <=2; kl++) {

double effy = yy[kl];

double cl1 = xx-hafthc;

double terl = Math.atan((effy*cl)/((z[JZ]-ele)*Math.sqrt(Math.pow(cl,2) +
Math._pow(effy,2) + Math.pow(z[JZ]-ele,2))));

double c2 = xx+hafthc;

double ter2 =
Math.atan((effy*c2)/((z[IZ]-ele)*Math.sqrt(Math.pow(c2,2)+Math.pow(effy,2)+Mat
h.pow(z[JZ]-ele,2)))):;

gg[kl] = ti1*(ter2-terl);

gs[JZz]=(gg[11+99[21)/2;

for (int kI = 1; kI <= N2-1; klI++) {
double g1 gs[kl];
double g2 = gs[kl+1];
double dy3 = z[kl+1] - z[kl];
gprm = gprm + EXPNT(gl,92,dy3);

kk=kk+1;
i F(kk-nfmm<=0)
zt=zrr[kk-1];
else
break;
Jwhile(kk-nfmm<=0);
return gprm;

public static double EXPNT(double gl,double g2,double dx){

double c;
double expnt;
if (g1 == 0)
gl = 0.0001;
if(g2==0)
g2=0.0001;
if(g2 /791l <0) {
double x = Math.abs(gl)/(Math.abs(gl)+Math.abs(g2));
double g = 0.00001 * g1/ Math.abs(gl);
c = Math.log(g/gl);
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double f1 = ( g - gl) / c;

g = 0.00001 * g2/Math.abs(g2);
c = Math.log(g2/9);

double 2 = (g2-g)/c;

expnt = F1*x+F2*(1-x);

else {

}

c = Math.log(g2/9l1);

if(Math.abs(c) <= 0.0001){

expnt=g1l;

else {

expnt=(g2-gl)/c;

expnt = dx*expnt;
return expnt;

}
public static void setGraphValues(double []dis,double []gobs ,double []Jgcal) {

obj

= new Object[input_n_obs+21][4];

DecimalFormat df =new DecimalFormat(*'0.###");

for

(int K = 1; K <= input_n_obs; K++){
obj[K][O0] = " + df_format(dis[K]):
obj[K][1] = ™" + df.format(gobs[K]);
obj[K][2] = ™ + df.format(gcal[K]);

}
public static void drawGraph(){
final com.formodtohaf.view.FORMODTOHAF_DrawGraph dg = new

com.

try
{

formodtohaf.view.FORMODTOHAF_DrawGraph();

int width = 980;
int height = 650;
Bufferedlmage buffer = new Bufferedlmage(width,height,Bufferedimage.TYPE_INT_RGB);

Graphics gl= buffer.createGraphics();
gl.setColor(Color_WHITE);
gl.fillRect(0,0,width,height);
Graphics2D g2 = (Graphics2D)gl ;
dg.plot(g2);
dg.plotXYCoordinates(g2);
dg.drawGraph(g2);
float maxEle = (float)
FORMODTOHAF_Uti lity. findMaximumNumberl(FORMODTOHAF_CalculateValues. input_ele_km);
if(maxEle==0)
dg.plotzCoordinates(g2);
else
dg.plotZCoordinatesele(g2);
dg.plot(g2);
dg.idex(g2);

FileOutputStream os = new FileOutputStream(
FORMODTOHAF_CalculateValues.input_area_name +"_jpg’);
ImagelO.write(buffer, "jpg", 0S);

os.close();

String path = FORMODTOHAF_CalculateValues.input_area_name +"_jpg";
image = ImagelO.read(new File(path));

Graphics g_image = FORMODTOHAF_MainPanel .img.getGraphics();
g_image.drawlmage(image, -70,-20,image.getWidth(), image.getHeight(),dg);
MouseListener ml3 = new MouseAdapter(){
public void mouseClicked(MouseEvent e){
Graphics g_image = FORMODTOHAF_MainPanel.img.getGraphics();
g_image.drawlmage(image, -70,-20, image.getWidth(), image.getHeight(),dg);
}

}:
FORMODTOHAF_MainPanel . img.addMouseListener(ml3);
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b
catch (Exception e2) {

e2_printStackTrace();

package com.formodtohaf.control;

import java.awt.Color;

import java.awt._Desktop;

import java.awt.event_ActionEvent;
import java.awt.event.ActionListener;
import java.io.File;

import java.io.FileWriter;

import java.io.lOException;

import java.text.DecimalFormat;
import javax.swing.JFileChooser;
import javax.swing.JFrame;

import javax.swing.JOptionPane;

import jxI._Workbook;

import jxl_format.Colour;

import jxl._write.Label;

import jxl.write.Number;

import jxl.write_WritableCell;
import jxl._write.WritableCellFormat;
import jxl._.write.WritableFont;
import jxl.write.WritableSheet;
import jxl._write_WritableWorkbook;
import jxl._write._.WriteException;
import jxl._.write.biff_RowsExceededException;

import com.formodtohaf.model .FORMODTOHAF_CalculateValues;
import com.formodtohaf.view.FORMODTOHAF_DenDep;

import com.formodtohaf.view.FORMODTOHAF_HalfstrikeVal;

import com.formodtohaf.view.FORMODTOHAF_MainPanel ;

import com.formodtohaf.view.FORMODTOHAF_OffsetVal;

import com.formodtohaf.view.FORMODTOHAF_StrVal;

import com.formodtohaf.view.FORMODTOHAF_TableView;

import com.formodtohaf.view.constant.FORMODTOHAF GetConstHaf;
import com.formodtohaf.view.constant.FORMODTOHAF_GetConstOff;
import com.formodtohaf.view.getvalues.FORMODTOHAF_GetDenDep;
import com.formodtohaf.view.getvalues.FORMODTOHAF_GetStrVal;

public class FORMODTOHAF_Controller implements ActionListener{

com. formodtohaf.model .FORMODTOHAF_CalculateValues ¢ = new
com. formodtohaf.model .FORMODTOHAF_CalculateValues();
Object rowdata[][1={}:

public static boolean success = false;

public void actionPerformed(ActionEvent ae) {

if(ae.getActionCommand() -equals('Formation info')){

try{
FORMODTOHAF_TableView.populateEastPanel (rowdata);
c.getAnamolyValues(FORMODTOHAF_MainPanel .captureValues());
FORMODTOHAF_StrVal ov = new FORMODTOHAF_StrVal();
ov.val(Q);
DecimalFormat df = new DecimalFormat("'0.##");

for (int i1 = 1;i <= FORMODTOHAF_CalculateValues.input_n_obs; i++){
for (int j = 0;3 < 25 j+:){
FORMODTOHAF_StrVal .off[i-1][1]= df.format(FORMODTOHAF_GetStrVal .nfm[i]);
FORMODTOHAF_StrVal .off[i-1][0]= df.format(i);
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FORMODTOHAF_StrVval .table.setValueAt(FORMODTOHAF_StrVval .off[i-1]1[j].i-1,

;
}
}
3 )
catch(Exception e){
> ] )
}else if(ae.getActionCommand() -equals('Density contrast & Depth™)){
try{
FORMODTOHAF_TableView.populateEastPanel (rowdata) ;
c.getAnamolyValues(FORMODTOHAF_MainPanel .captureValues());
FORMODTOHAF_DenDep ov = new FORMODTOHAF_DenDep();
ov.val(Q);
DecimalFormat df = new DecimalFormat("'0.##");
for (int i = 1;i <= FORMODTOHAF_CalculateValues. input_num_for; i++){
for (int j = 0;J < 2; j++){
FORMODTOHAF_DenDep.off[i-1][0]= df.format(FORMODTOHAF_GetDenDep.den[i]);
FORMODTOHAF_DenDep.off[i-1][1]= df.format(FORMODTOHAF_GetDenDep.dep[i]);
FORMODTOHAF_DenDep . table.setValueAt(FORMODTOHAF_DenDep.off[i-1][j].i-1,
;
}
}
3 )
catch(Exception e){
} ) )
}else if(ae.getActionCommand() .equals('Forward modeling'™)) {
FORMODTOHAF_MainPanel .p_Center.removeAll();
FORMODTOHAF_MainPanel .p_Center.add(FORMODTOHAF_MainPanel .graphLabel);
FORMODTOHAF_MainPanel .p_Center.add(FORMODTOHAF_MainPanel .img);
FORMODTOHAF_MainPanel .img.setEditable(false);
FORMODTOHAF_MainPanel . img.setBackground(Color .WHITE) ;
FORMODTOHAF_MainPanel .p_Center.validate();
c.getAnamolyValues(com. formodtohaf.view.FORMODTOHAF_MainPanel .captureValues());
c.cal(Q;
com. formodtohaf.view.FORMODTOHAF TableView.populateEastPanel (FORMODTOHAF_CalculateValu
es.obj);

com.formodtohaf.view.FORMODTOHAF_MainPanel .p_East.repaint();
com. formodtohaf.view.FORMODTOHAF MainView mv = new
com. formodtohaf.view.FORMODTOHAF MainView();

mv.setResizable(true);
}else if(ae.getActionCommand() -equals('Save and Print™)){

try{
String current = System.getProperty(‘user_dir');
File img_file = new File(FORMODTOHAF_CalculateValues.input_area name+"_jpg™);
JFileChooser saveFile = new JFileChooser(current);
File OutFile = saveFile.getSelectedFile();
FileWriter myWriter = null;
if(saveFile.showSaveDialog(null) == JFileChooser.APPROVE_OPTION){

OutFile = saveFile.getSelectedFile();
ifT (OutFile.canWrite() || '"OutFile.exists()){

File dir = new File(OutFile.getParent());

success = img_file.renameTo(new File(dir,img_Ffile.getName()));

System.out.printIn('Save successful*+success);

myWriter = new FileWriter(OutFile+" _html™);

myWriter.write("" </table> </td> <td> <img src = """+
FORMODTOHAF_CalculateValues.input_area_name +".jpg"></td></tr></table>");

myWriter write(’<html> <Body onLoad = \"window.print()\"><table> <tr>
<td>" +

"<table border = 1> <tr> <th colspan = 4>LOCATION:-

""+FORMODTOHAF_CalculateValues. input_area_name+"</th> </tr>");
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DecimalFormat d = new DecimalFormat('0.###");
myWriter.write(''<tr > <th>Distance (km) </th><th>0Observed anomalies
</th><th> Theoretical anamolies (mGal) </th> </tr>");

for ( int K = 1; K <= FORMODTOHAF_CalculateValues.input_n_obs; K++){
myWriter.write("'<tr> <td>" +
d.format(FORMODTOHAF_CalculateValues.x[K])+"<td>"+d.format(FORMODTOHAF
_CalculateValues. input_obs[K])+"<td>"+d.format (FORMODTOHAF_CalculateVa
lues.o_gc[KD+"'</td></tr>"");
myWriter.write(''</table>");

myWriter.close();

}
¥
else

//pops up error message
¥

}

catch(Exception el) {
el._printStackTrace();

}

}else if(ae.getActionCommand().equals('Load Tile™)){

try {
FORMODTOHAF_MainPanel . loadDatal();

} catch (10Exception e) {
e_printStackTrace();

}

}else if(ae.getActionCommand() -equals('Clear™)| |ae.getActionCommand() -equals('New)){
FORMODTOHAF_MainPanel .clearDefaultValues();
FORMODTOHAF_MainPanel .clearPanel (FORMODTOHAF_MainPanel . img);
com.formodtohaf.view.FORMODTOHAF _TableView.populateEastPanel (rowdata) ;

Yelse if(ae.getActionCommand() -equals('Save file™)){

String current = System.getProperty(‘user._dir’™);

JFileChooser saveFile = new JFileChooser(current);

File OutFile = saveFile.getSelectedFile();

if(saveFile.showSaveDialog(null) == JFileChooser.APPROVE_OPTION){
OutFile = saveFile.getSelectedFile();

ifT (OutFile.canWrite() || '"OutFile.exists()){

try {
WritableWorkbook workbook = Workbook.createWorkbook(new
File(OutFile+" _xlIs™));
WritableSheet sheet = workbook.createSheet(‘'Pagel™, 0);

String Header[] = new String[20];

Header[0] = "Area Name "';

Header[1] = “Number of Observations';

Header[2] = *"Station spacing™;

Header[3] = "Observed anomalies™;

Header[4] = "Angle of Profile";

Header[5] = "Elevations';

Header[6] = "Half-strike";

Header[7] = "Offset";

Header[8] = "Number of formations in each prism";
Header[9] = "Densities’;

Header[10] = "Depths™;

WritableCellFormat cellFormat = new WritableCellFormat();
WritableFont font = new WritableFont(WritableFont_ARIAL);
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font.setColour(Colour.BLACK);
cellFormat.setFont(font);

for (int i = 0; i1 < Header.length; i++) {
Label label = new Label(i, 0, Header[i]);
sheet.addCell(label);
WritableCell cell = sheet.getWritableCell(i, 0);
cell _setCellFormat(cellFormat);

}

Label label = new Label (0,
1,FORMODTOHAF_CalculateValues. input_area_name.toString(Q) );
sheet._addCell(1abel);

double nobs = FORMODTOHAF_CalculateValues.input_n_obs;
Number label2 = new Number(l, 1,nobs );
sheet.addCell (label2);

double dis = FORMODTOHAF_CalculateValues. input_ddx_km;
Number label3 = new Number(2, 1,dis );
sheet._addCell (label3);

for (int i = 1; i <= FORMODTOHAF_CalculateValues.input_n_obs; i++){
double obs = FORMODTOHAF_CalculateValues. input_obs[i];
Number labell = new Number(3, 1,0bs);
sheet_addCell(labell);

}

double ang = FORMODTOHAF_CalculateValues.input_ang_pro;
Number label4 = new Number(4, 1,Math.toDegrees(ang));
sheet._addCell(label4);

for (int i = 1; i <= FORMODTOHAF_CalculateValues.input_n_obs; i++){

double ele
double haf
double off
double nfm

FORMODTOHAF_CalculateValues. input_ele_km[i];
FORMODTOHAF_CalculateValues. input_strike_km[i];
FORMODTOHAF_CalculateValues.input_y km[i];
FORMODTOHAF_CalculateValues.nfm[i];

Number label5 new Number(5, i,ele );
Number label6 new Number(6, i,haf );
Number Rlabel?7 new Number(7, i,0ff );
Number label8 new Number(8, i,nfm );
sheet._addCell (label5);
sheet_addCell(label6);
sheet._addCell(label7);

sheet.addCell(label8);

for (int i1 = 1; i <= FORMODTOHAF_CalculateValues.input_num_for; i++){

double den = FORMODTOHAF_CalculateValues.den[i];
double dep = FORMODTOHAF_CalculateValues.dep[i];
Number labell2 = new Number(9, i,den );

Number labell3 = new Number(10, i,dep );
sheet.addCell (labell2);

sheet_addCell(labell3);

workbook.write();
workbook.close();

}

catch (I0Exception e) {
// TODO Auto-generated catch block
e.printStackTrace();

} catch (RowsExceededException e) {
// TODO Auto-generated catch block
e._printStackTrace();

} catch (WriteException e) {
// TODO Auto-generated catch block
e_printStackTrace();
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}

else if(ae.getActionCommand().equals('Constant offset)){
c.getAnamolyValues(FORMODTOHAF_MainPanel .captureValues());
FORMODTOHAF_GetConstOff gc = new FORMODTOHAF GetConstOff();
gc.constOff();

}else if(ae.getActionCommand() -equals('Constant half strike™)){

c.getAnamolyValues(FORMODTOHAF_MainPanel .captureValues());
FORMODTOHAF_GetConstHaf gch = new FORMODTOHAF_GetConstHaf();
gch.constHaf();

}else if(ae.getActionCommand() .equals("Variable offset™)){

try{
FORMODTOHAF_TableView.populateEastPanel (rowdata) ;
c.getAnamolyValues(FORMODTOHAF_MainPanel .captureValues());
FORMODTOHAF_OffsetVal ov = new FORMODTOHAF_Offsetval();
ov.val(Q);
DecimalFormat df = new DecimalFormat(*'O.##");

for (int i = 1;1 <= FORMODTOHAF_CalculateValues.input_n_obs; i++){
for (int j = 0;j < 2; j++){
FORMODTOHAF_OffsetVal .off[i-1][1]=
df.format(FORMODTOHAF GetConstOff.input_y km[i]);
FORMODTOHAF_OffsetVal .off[1-1][0]= df.format(i);
FORMODTOHAF_OffsetVal .table.setValueAt(FORMODTOHAF_OffsetVal .off[i-1][]J].1
-1, 3);
¥
}

}
catch(Exception e){

}
}else if(ae.getActionCommand() -equals('Variable half strike™)){

try{
FORMODTOHAF_TableView.populateEastPanel (rowdata) ;
c.getAnamolyValues(FORMODTOHAF_MainPanel .captureValues());
FORMODTOHAF_HalfstrikevVal sv = new FORMODTOHAF_Halfstrikeval();
sv.valQ;
DecimalFormat df = new DecimalFormat(*'O.##");

for (int i = 1; i <= FORMODTOHAF_ CalculateValues.input_n_obs; i++){
for (int j = 0; j < 25 j++){
FORMODTOHAF_HalfstrikevVal _haf[i-1][1]=
df.format(FORMODTOHAF_GetConstHaf. input_strike_km[i]);
FORMODTOHAF_Halfstrikeval .haf[i-1][0]= df.format(i);
FORMODTOHAF_HalfstrikeVal . table.setValueAt(FORMODTOHAF_HalfstrikeVal .haf[i

-1101,.i-1, §);
}

b
catch(Exception e){

}

}
}else if(ae.getActionCommand() -equals('Flow module™)){

try {
String path = "Flow module.txt";

File pptFile = new File(path);
if (pptFile.exists()) {
iT (Desktop.isDesktopSupported()) {
Desktop.getDesktop() -open(pptFile);
} else {
System.out._printIn('Desktop is not supported!');

} else {
System.out._printIin(C’File does not exists!™);
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}

System.out._printin(‘’'Done™);

} catch (Exception ex) {
JFrame frame = null;
JOptionPane.showMessageDialog(frame,
"System cannot open the file\n",
“"Error!",
JOptionPane.ERROR_MESSAGE) ;

}
}else if(ae.getActionCommand() .equals('Readme')){

try {
String path = "Readme.txt™;

File pptFile = new File(path);
if (pptFile.exists()) {
iT (Desktop.isDesktopSupported()) {
Desktop.getDesktop() -open(pptFile);
} else {
System.out.printIn(’'Desktop is not supported!');
}

} else {
System.out.printIn("'File does not exists!™);
}

System.out.printin('Done™);

} catch (Exception ex) {
JFrame frame = null;
JOptionPane.showMessageDialog(frame,
"System cannot open the file\n",
"Error!",
JOptionPane.ERROR_MESSAGE) ;

}
}else if(ae.getActionCommand() -equals(Exit™)){
JFrame frame = null;

int r = JOptionPane.showConfirmDialog(
frame,
"Exit FORMODTOHAF ?',
"Confirm Exit ",
JOptionPane.YES_NO_OPTION);
if(r == JOptionPane.YES_OPTION ){
iT(success==false){
String fileName = FORMODTOHAF_CalculateValues. input_area_name+".jpg";
File f = new File(FfileName);
f.delete();

System.exit(0);
}

package com.formodtohaf.util;

public class FORMODTOHAF_Utility {
public static double convertDouble(String str) throws Exception {

Double temp = new Double(str.trim(Q));
return temp.doubleValue();

}

public static String convertString(String str) throws Exception {
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String temp = new String(str.trimQ));
return temp;

}
public static int convertlnteger(String str) throws Exception {

Integer temp = new Integer(str.trim(Q));
return temp.intValue();

}

public static float FindMaximumNumber( double observe[]) {

0.0d;
0; 1 < observe.length; i++) {

double max =
for (int i1 =

ifT (Math.abs(observe[i]) > Math.abs(max)) {

max = observe[i];
}
}

float maxval = (float) (max/3*5);
return maxVal ;

}
public static int findMaximumNumber( double observe) {
double max = 0.0d;
int maxvVal=0;
max = observe;
if (max < 5) {
maxVal = 5;
}
else if (max >= 5 && max <= 10) {

maxVal = 10;

else if ( max > 10 && max <

15) {
maxVal = 15;

glse ifT (max > 15 && max <= 20) {
maxVal = 20;

}

else

//maxVal = THEOGRANO_CalculateValues.o_iter;
3

return maxval;

}
public static double findMaximumNumberl( double observe[]) {

double max
for (int i

0.0d;
1; 1 < observe.length; i++) {

if (Math.abs(observe[i]) > Math.abs(max)) {

max =Math.abs(observe[i]);

}
¥
double maxVal = max;
return maxVal ;
}
public static double[] convertDoubleArray(String str) throws Exception {
jJava.util.StringTokenizer st = new java.util_StringTokenizer(str, ",");
String temp = ""';

jJava.util _ArrayList arr = new java.util_ArrayList();
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while(st.hasMoreTokens()) {

temp = st.nextToken();
arr.add(temp);

double d_array[] = new double[arr.size() + 1];
for(int 1 = 0; 1 <= arr.size(); i++) {
if (i ==0)
d_array[i]

else
d_array[i] = convertDouble( arr.get(i-1).toString() ):

0.0;

return d_array;
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CHAPTER

FIVE

Conclusions

The major conclusions and salient features of the work presented in

chapters II, III and IV are mainly on the following lines

1. Novelty in the methodology,

2. Efficiency of 2-D and 2.5-D automatic modeling and
inversion and related software,

3. Efficacy of 2.5-D semiautomatic modeling and related

software.

Two interpretation methods based on the principles of automatic
modeling and inversion are developed in each case in the space domain to
analyze gravity anomalies of 2-D and 2.5-D sedimentary basins by means
of multiple growing bodies using an exponential density function.
Although, it is well known that no closed form solutions exist in the space
domain for the gravity anomalies of geophysical geometries using an
exponential density function, new strategies have been formulated in the
space domain to realize forward modeling by judiciously combining both
analytical and numerical approaches. These algorithms are fully

automatic in the sense that they generate initial structures of sedimentary
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basins from the residual gravity anomalies, and improve the structures
iteratively based on the differences between the observed and modeled
gravity anomalies until the modeled anomalies mimic the observed ones.
The corresponding GUI based software, MOD2DSD, in case of 2-D and
MODTOHAFSD in case of 2.5-D are developed using JAVA. The advantage
of each software is that in addition to generate the output in both ASCII
and graphical forms each one shows the changes in the structure, fit
between the observed and modeled gravity anomalies, changes in the
misfit and variation of density contrast with depth in animated forms.
Further, the semiautomatic modeling technique and related JAVA
software, FORMODTOHAF, allows one to compute the gravity anomalies of
a variety of strike limited multiple geologic sources and subsequent
modeling in an interactive mode. The novelty of 2.5-D algorithms is that
these are fairly applicable to interpret the gravity anomalies even when the
profile fails to bisect and runs transverse to the strike of the anomalous

source(s).

The interpretation of gravity anomalies of 2-D and 2.5-D
sedimentary basins with EDF remarkably agree well with the assumed
parameters in the case of synthetic examples even in the presence of
pseudorandom noise and with the available/drilling depths in case of field
examples. On the other hand, almost in all cases, when automatic
modeling and inversion implemented with UDF had resulted disturbed
depth structures implying that UDF is inappropriate in such applications.
Thus, in view of the reliable results coupled with other aforesaid features,

it is suggested that for a meaningful interpretation of field gravity
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anomalies of sedimentary basins, automatic modeling and inversion need

to be implemented with EDF.

In case the subsurface density distribution depicts complex
behavior, it is suggested that for reliable interpretation the gravity
anomalies need to be analyzed by properly taking into account the strike
length(s) of subsurface structure(s), azimuth and offset parameters of the
profile besides appropriate selection of the profile length. The applicability
of the semiautomatic modeling is demonstrated on both synthetic and real

world gravity anomalies.

In short, it is concluded that the proposed algorithms and related

software in the thesis are simple, elegant besides being effective.

Scope for Future Research

An important and still unsatisfactorily solved problem in gravity
interpretation is the difficulty caused by a vertical superposition of
sources in a sedimentary basin. Inversion algorithms of gravity anomalies
of basement reliefs must take into account the presence of sources within
the sedimentary pack and vice-versa. The methodology elucidated in
Chapter-IV can be used to design an appropriate inversion strategy to

address the enlisted problem.

An equally intrinsic solved problem in gravity interpretation is to
estimate the source parameters and regional gravity background
simultaneously from a set of observed Bouguer gravity anomalies.

Although a few techniques are in vogue in this direction, each one has its
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own merits and demerits in its application. Therefore, it is anticipated that
future research will contemplate the more sophisticated regional-residual
separation techniques, possibly integrated with the inversion processes
described in the thesis, to cater more lucid interpretations of gravity

anomalies.

L:g-8-8°2"4
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