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ABSTRACT

Many rypes of geophyrical sureey invalve making mumerical chservations af @ large number of localities in a so-called urvey
area. fm order to dixplay the results of sech a survey ina wily witich can be earily axsimilated by the interpreier, they mut be ploiied ia
@ mayp form, with the X and ¥ vilues { geographical pavition) associated with each data point, In moat casts, contowring of these plodted
valuer is employed fo further enhance their appearance and waability. Commonly, particularly where computers are employed, there
so-called gridding interpolation), then comtouring the gridded dota.

The development of popular micro-computers which are aow widely used, such ax [BM PC ar itx compatibles, har become a
great convenigace in the procesung of potential geaphyaics dasa, such ax gravity or magnetic data. The aufomatic contouring process,
also the gridding interpolation, which were mainly done on the main frame, now can be done on the micron. A compuler program has
been developed for this perpase, Le. the gridding processes, runs on an [RM PC micro-compuier,

L INTRODUCTION

Contour maps have been used by geophbysicists for
many years as one way of presenting a varety of daia seis.
In producing such & contour map, manual interpolation
was carmied oul among data points to determine the posi-
tion where & contour line will pass, and then the conlouns
were dmwn through the positions of equal value interpo-

Inted (e.g. the isogal or the isogamma).

During recent years, contouring by machine has
become increasingly common and a variety of computer
programs bas been available for coslouning any data. In
prctice, this involves two casential stages, namely
L. the two-dimensional interpolation of the scatered

ficld observation onto nodes of & regular grid, the

so-called gridding interpolation process,
2. threading the contour lines among the gridded data, the
so-called contouring process.

The development and the sdvenl of micro-compulers,

have become s greal convenience in those processes, and

also a great belp in interpreting geophysical data (Reeves
and McLeod, 1983).

II. THE GRIDIMNG INTERPOLATION

A. The need for gridding interpolation

A common featere of almost any contouring program

Is that |t needs gridded dats. For convenience, this is

gencmlly already stored in o dats file. There are therefore

iwo essentinl stages in the contouring process, that is &

« the fimtstage is to interpolate the data from the actual
profiles or from the data points, to produce the gridded
dala sel.

«  contouring is then performed from the gridded dats as
ihbe second slage of ihe process.

In Fig. 1, the role of interpolation with respect to data
processing and contouring bas been descrbed. [t implics
that if either data processing or contouring is 1o be done,
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interpolation has to be carried out in advance, In the case
where old data are only available in map form, digitizing
along (imaginary) profile lines has to be carried out first.
One of the more important advantages is that the gridded
data can be stored into a file ready for many types of data
processing, since almost all methods for 2-D data process-
ing are only available for equispaced data, i.c. the gridded
data (Reford and Sumner, 1964, Fuller, 1967, Nettleton,

1976).

The next problem s 1o find & satisfaciory method of
gridding interpolation which will yield a good result.
Good interpolation means that the desimble feamures will
be :

8. lhe interpolated values cannot be drastically different
from the values of nearby data points; points of known
value mist be bonoured,

b. no anificial anomalics are created in areas having no
data control poins.

£. pleasing io the eye, easy 1o read, well labelled,

d. noexcessive use of computer lime,

B.The gridding method developed

The problem of rwo-dimensional interpolation can be

outlined in a simple way. Let the value of & of an observed
variable be known at a fixed number of locations (xi,yi) in
an arca. The objective is to determine approximate values
of the variable at points other than the known locations.
The particular problem is concemed with doing this inter-
polation for grid points located at the intemsections of a
rectangular grid, Any method, in order to be suitable for
treatment of large volumes of dats, should be conveniently
adaptable 1o compuler use.

There are sever| methods that can be used 1o grid the
data; however, a method which was used and developed
is discussed in this paper, the so-called finite difference
method. This method is based on the assumption that the
desired surface which passes through all data points obeys
some form of differential equation. The equation is then
approximated by finite differences and solved itlemtively
(Briggs, 1974; Swain, 1976).

A finite dilference method is an approximate method
of solving differentinl equations numerically, by replacing
dervatives at a point by difference quotients over a small
interval, An imaginary surface u (like a thin elastic sheet)
is bemt o [it the observalion points exacily, The two-
dimensional differential equation which describes such a
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Figure 1. The role of Interpalation with respect to data processing and contouring,
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surface is ihe bibanmonic equation (Briges, 1974

o
ATy TRk [
(14 ax” &y~

for (x,¥) not coinciding with one of the points (x,yi) with
boundary conditions ;

U(XYE) = v

o v i

ﬁ‘u' ﬂ: any ﬂylku 121
in one-dimensional form this lunction descnbes & spline
(Fig. 2).

Iican be shown that of all functions u that conform 1o
the given set of boundary conditions (i.e. data poinis), the
one that obeys this equation has the least tobal squancd
curvature, i.e.

Clu) = _|’_[|[-E + fﬂ: dx dy 13

is minimum (Briges, H'IH]. That is, u is the smontbest
surlace passing through the data points, and is in fact
equivalent to fitting a two-dimensional spline 1o the data,

For a sct of grid points values uij ot bocation (xi.yj),
where i=1.2,....1and j=1.2, ....J, Eq. [3] can be writlen
in the discrele form, putting x and ¥ equal 1o anity

C= E E (Ci 14]

where Cjj is the curvature af (x;,¥j), a function of v, j and

some neighbouring grid values. The simplest approxins-
tion b te curvature o1 (x,yj) is
Cij = wie ] -1 J400 e 14011 fo 1 - DU
151

To minimize the sum of C, the functlon is differcn-
tiated with respect 1o uij, and sct 10 equal zem and this
produces is the biharmonic equation for a grid point at (i,j).
The lay-out of the grid points is shown in Fig. 3.
The bibamionic equation is :

S51+252-853+20uj=0 [6]
where

S1= U #uS+U0 +u3

Si= qeudtvint e

S53= wy & ug+ug #uajp

and the equation is solved ileratively, using the Gauss-5Sei-

del method (Kreyszig, 1979)

| F P

““p*l a I'EE] i 25 1 |1]
where the index p indicates the p™ ieration.

A practical problem with implementing this method s
that the ilemtive metbod schich is used 1o solve the equa-
thons requires inftial values 1o be assigned to the grid
points. In onder 1o minimize the aumber of itemiions and
also to speed up Ihe convergence, a quadrmtic weighting
function is applied 1o find these initial values (Swain,
1976).
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Figure 2. fiharmonic equation in one-dimension, 3*u/3x* = 0, with boundary conditions at x;, ¥3, x5 . - . . Xy describes a spline
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TWO-DEMENSIONAL INTERPOLATION

Figure 3. Grid polnis used by two-dimensional biharmonike
difference equaition.

The choosing of the grid interval Is taken with the
comsideration that the actual data points will coinclde with
the grid points. However, since they are irregulary dis-
tribated in the ares, most of them do not coincide. If they
do, the above Eq. [6], which is called the grid point
equation, is used, To bonour the actual data, inthe genenl
case that s dafl point does ot colncide, another cquation,
which is called the off-grid point equarion, is used (sce
Appendix).

1. COMPUTER PROGRAM DEVELOPMENT
A. General description

A computer program for gridding interpolation has
been wrintea in MicroSoft QuickBasic, the most commaon
language used on micro-computers. The essential sieps of
the gridding progrms (Fig, 4), are reading the input dita
fike, defining the map parmmeter used (i.c. the boundaries
of the map and the grid size 1o be used), calculating the
interpolation and finally storing the result onto a file.

The input data file is an ASCII file, written in standard
GEOSOFT format (Reeves and McLeod, 1986), and the

program will read 3 columns from the file, which will be
treated as X- , Y- and Z-values. While reading the input
data file, the progmm will fnd the minkmum and maxi-
mum of X- and Y-values, If the user does not agree with
these values, he may use bis own, and an option is offered
for this purpose. Another option follows, for using the grid
size, wheiber 1o use & new pumber or nol. Before the
Intermpolation begins, the user & asked 1o enter a Gle name,
onto which the result will be siored.

The outpul file is & binary fle, for the sake of disk
space, headed by the number of rows and columns, X-min
and X-max values, Y-min and Y- max values, Z-min and
Z-max values, followed by the gridded data,

B. Gridding interpolation program

The program developed is based on » progmm which
was written, in FORTRAN language, by Swain (1976).
Some modifications and improvements are made o be
adapted in micro-computer, which is written in Microsoft
CruickBasic. The fow-chart of the main part of this pro-
gram, Le, the way of calculating the grid point values, is
shown in Fig. 5.

The iterative method in solving the bibarmonic equa-
tions requires that initia] values be assigned to the grid
points, Altbough sny values could be used, siariing values
which are as close as possible 1o the solution are betier, in
order to minimize the number of itemtions.

Simce solving the equations for the whale elements of
the amay U(LY), where U{LJ) are the interpolated values,
will take time, 8 coarse grid net hudlu.‘uhqlu'iq
of the calculation, with L, a grid spacing, of four times the
grid interval to be used (Swain, 1976). A weighted means
formula is applied to interpolate the duta point values 1o
obtain the values of this coarse grid. The values generated
are then used as initial values in the ilermtion process. A
set of string variables [US{11), with the same dimension
as the sct of grid points U(LT), is preparcd to control the
position of the data points with respect 1o the grid points
evaluated In fiting the surface 0 dam points. If & data
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Figure 4. The easentinl steps of the Interpalation program.

point lies nearby a grid point (1J), a Dag is assigned 1o
TUS(LT), and the off-grid point equation will be used for
this grid poinl. Otherwise, the grid point equation will be
used,

After an jtemtive solution b delermined, the coanse
grid spacing is halved, i.c. L is reduced to L/2, and (be grid
values ot (1J) are copied to the new grid points (1+L.J),
(1J+L) and (1+L J+L). This new grid net is again fitted to
the data points, and a new flag is assigned to the appropri-
ale clements of the [US(LJ), sccording ta the position of
the data points fo the new grid net. Keeping the previous
values at (17) fixed by setting the appropriate clements of
the string IUS(TJ) witha flag of -1, the iteration is repeated
1o obtain the new values at (1+1J), (1J+L) and (I+LJ+L).

The procedure is repeated, namely : halving of the grid

Figure 5. Flow-chart of the maln part of the progrm, show-
ing the way of calculsting the grid polnd values,

spacing, copying the grid values 1o the new grid points,
fiting the new grid net 10 the data points and solving the
cquations, until the required grid size is obtained (Fig. 6).
The iteration process is only applicd to the new grid points
by keeping the previous grid values fixed, and conver-
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gence is besied by retaining ibe Inrgest change in U{1J)
that occurs in one itlemtion, The itlemtion is stopped il the
largest change is less than the threshold valoe given.

V. APPLICATION

The problems of satisfsctorily interpolating potential
field data onio & grid system [rom the origin | distribution
of obaervation points sre pol irivial (Paicmson and Reeves,
1983). To be satisfactory, the gridding method should
vield o good result which presents some desirable feamires,
as mentioned al the beginning. One of the criteria in
examining the metbod o be applicd is that the interpolaied
values should not be greaily different from nearby dala
points, snd another that ibe resull does nol create anificial

As anexample, ihe metbod was applied 1o gravity dala
for an arca covering approximaiely 28 by 21 km, and 255
gravily siations were established along accessible mads
and tmcks with an average station spacing of 0.5-1 km.
The data were gridded using a grid interval ol 0,75 kni and
0.5 km, i.e. 33 by 29 and 49 by 43 respectively,

The progmam was ran on an 80386 machine with a
miath co-processor BOAET, using & threshold value of 0.1
for stopping the ilemtion processes; it all ook only aboul
2 minutes, The results of the gridding inlerpolation were
then contoured, as shown in Fig.7 and Fig.8.

V. CONCLUSION

A method of two-dimensional interpolation has been
discussed, i.c. the finite difference method, and developed
1o be wsed on micro-computerThis method provides &
good resull in interpolating the common type of gravity or
magnetic data, which are iregularly distributed in the
Survey area.

The advaniage of baving gridded data that are already
stored in a file is that they cannol only be used for auto-
milic conlouring, but many other purposes, such as re-
gional and residual anomaly sepamtion, rwo-dimensional
filiering, or any otber 2-dimensional dats processing.
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ATFENDIX

THE OFF-GRID FOINT EQUATION

If Eq-%-r% at paint (xi.yi) |A-1]
is substituied into Eq. [1), it gives the differenee equation:

Cij1#+Cije1#Ci1 j#Ciar 4 G j=0 |A-2)

The use of the dilfercnce equation [5] in [A-2], results
in the common difference equation [6). For the off-grid
points, however, an expression for 55 is necded, which
ses values of u at discrete points not lying on a regular

grid.
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Flgure 6. Stops in calculating the grid polnt values In the finlie difference method,
. lmyﬂﬂhnmﬂﬂumuﬁmﬂnnhmm
b ﬂnlrl-cliﬂu'hgkrlﬁunnlhrlfl:hrnrmqLhwmlﬂm-uﬂmhm-lwﬁpﬂluﬂnﬂnhﬂu
iterniive solution for this grid net,
£ rtp-uilhlhpfb}nlilih:qulﬁd;ﬁdllukm:hd.
d. Mnal gridded data
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Let u be & continuous function on the real two-dimen-
siomalspace RY and et (x0,y0) be in B2, If  set of poiats
{ xorkak , yo+by ], S - T,
i% also in H-". ihen for sulliciently small g, bg and il u has
sulficiently many derivatives,
up = u{xpeak, yorbe), k=1,2,....,5
is approximaied by

wendtondt, Li Ty
g

[A-3]

Tuﬂﬂll::pmlhlh%-l-% at paint (xo,y0) both

sides of cquation [A-3] are multiplied by a real number of
fx and a sum is made over k, so that

b Puux=up ¥, h+%2 f o

+%E hh*%%ﬁ Pu ok

+3 33 b’ |A-4]
If P are chosen such that
S PBem =0 T pxte =0
Ehltl =0 : EFHI:IJI:-!]
Ehh’-z |A-5]

Then ? ? al point {xo,y0) is approximated by

E P v - 'HDE P [A-6]

For ithe present purpose, where one wy lies off the

regular grid, and the r:m.lulu four lie on the regular grid,
with

a, b=h, 0, -h
a suitable sel is
(b,-h), (Oy-h), (-b,0), (-hh), (as,bs),
with0 sas<hand 0 sbs<h(Fig. A.1).

Thus, Mupnﬂmu:ddinﬂq.th 1)is:
Gy = } Prvx - '-uE P+ Bsus
=1
[A-7]
where {ux} 8 uij1 , Wijel . U1y , Wel) and us is the
aff-grid point value.

Equation [A-7] is used in [A-2] to give a lincar equa-
tion between a datn point which does not lic on the grid

¥
b
e
—ht — X
Figure A-l.

point and the other neighbouring grid points, and Ihis
cquation is called the off-grid point equation.
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