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INTRODUCTION

Since the introduction and rapid growth of the
microcomputer industry in the mid 1970's, the
geophysical industry has been quick to make use of
this technology, as microprocessing capability built
into exploration geophysical equipment, and more
recently, as small stand alone microcomputer systems
can be used for interpretation in the office or in the
field.

In the field, microcomputers are used to record
and store survey data, on either cassete or floppy disk
depending on the hardware used. Once entered, field
data can be manipulated to give a hard copy output
either as listing or as profiles.

Depending on the type of survey, the field compu-
ters are also used to carry out the necessary calcula-
tions and corrections, to reduce the raw field data to
their final format. Examples of this being, reduction
of gravity data, magnetic corrections, plotting of data
e .  t .  c .
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A different approach in adiusting gravity base networks is
presented by the use of microcomputers. The method used for
solving the corresponding system of linear equations is the

"Generalized Inverse", and a program wriften in Microsoft
Basic for a PET - COMMODORE microcomputer is presented
with an application example.

As an interpretational aid, the field computer is
used to model the geophysical results in terms of
geologic models to provide quantitative values to the
anomaly parameters. All the modelling and interpre-
tation routines developed are interactive programs
which allow the geophysicist and geologist maximum
input to all phases of the computer manipulation.
Thus constraints based on the geologic knowledge
can be input to the computer aided geophysical
interpretation.

This paper presents an example of the use of
microcomputers in the topic of gravity survey pro-
blems and morb specifically on the adjustment of
gravity networks.

GRAVITY NETWORK ADJUSTMENT

A gravity network adjustment consists of correc-
ting each gravity difference measured between two
adjacent bases so that the closing error along a closed
loop is minimum.

That problem was faced by Barton (1929) and
Roman (1932), using the method of least - squares.
Another approach was followed by Cowles (1938) in



a similar problem, where he proposed a method of
writting down a system of simultaneous equations for
correction of closing slope data traverses. That
system of equations can be solved by means of an
analogous resistance network. An itterative graphical
method for solving the corresponding system of
equations was proposed by Gibson (1941). Smith
(1950) also proposed another graphical method
based on Gibson's work.

The use of computer methods in solving the
corresponding system of simultaneous equations
simplified the problem of adjusting gravity networks.
In that field various computer programs in FOR-
TRAN 4 exist in the geophysical computer libraries.
Recently, Lagios (1984) presented an analysis of a
least - squares adjustment of a gravity base station
network and a computer FORTRAN 4 program in
which the instrumental drift has been considered.

A review of the methods used of the adjustment of
geodetic networks was given by Welsch (1979). The

same methods can be applied generally on gravity

base networks.

FUNDAMENTAL THEORY

Let us consider the gravity base network of figure
(1). The values at the centre of each triangle
represent the closing error of each loop of the
network. The let ters a, b,  c,  . . .  m, represent the
corrections to be applied at each traverse between

two bases, so that the closing error of each closed
loop (triangle) is zero (or minimum).

FIGURE l: Gravity base station network.

From each triangle an equation results of the form:

a * b * c * c e : 0  ( 1 )

where a. b, c are the corrections to be applied on

each traverse respectively for each triangle, and ce

corresponds to the closing error of the same triangle.

Srgnes are considered to be positive clockwise.

For the gravity network of f igure (1) the following

system of equations (fig. 2) holds, presented in a

matrix form.
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FIGURE 2: Resulted system of linear equailons.
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Since the number of unknowns is greater than the
resulted independed linear equations that system
can't be solved by the classical methods. In order to
override that difficulty the generalized inverse met-
hod is used (Mackay, 1981). In that method it is
possible by using an itterative algorithm to calculate
the generalized inverse A+(N,M) of an A(N,M)
matrix (Moore - Penrose Inverse), so that the matrix
equation:

A (N ,M) .X (N ,1 )  :  H (N ,1 )  (2 )

can be solved as

X(N ' l )  :  A1 (N ,M) 'H (M '1 )  (3 )

This procedure can solve the following three kind
of problems:

a)  I f  N:M and the A(N,M) ex is ts ,  then we get
an exact  so lut ion for  X(N. l ) .

b) If M>N that is the equarions are more than
the number of unknowns. then a least -

squares solution is given instead.
c) If N>M that is the equations are fewer than

the number of unknowns. then a solution is
given consistent with the data (minimum
norm g* inverse) .

The following results. presented in figure (3) have
been obtained by the method reffered above using
Mackav's algorithm on the system of equations of
f igure (2) .

FIGURE 3: Derived solution
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PROGRAM USER INSTRUCTIONS

The computer program written originally in Micro-
soft Basic was slightly modified to meet the output
requirements of the PET - COMMODORE compu-
ter operating system.

The user of thb program should follow these
instructions:

1) Enter number of equations and number of
unknowns in data statement 1440.

2) Enter the coeficients of each linear equation in
successive data statements, one statement for
each equation.

3) Run the program.
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