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‘Abstract

Harmonic analysis is one of the widely used technique in numerical
analysis of data in different fields of mathematical sciences. A
FORTRAN algorithm for 2-dimensional harmonic analysis is presented
in this study. The FORTRAN routines of this algorithm were coded,
developed and tested on ND-560/Cx supermini computer system. This

algorithm was successfully used in three types of data.
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Introduction

Harmonic analysis of any grid point distribution of data has been
one of the widely used technique in the field of numerical analysis.
This perhaps may be due to the simplicity of the trignometric
functions involved in this analysis. The FORTRAN language routines
described here ahe based, with some variants, on Spiegel (1974). The
algorithm presented here has been successfully executed with three
sets of 2-D grid point data. Variation of the variability of the
input data explained by the 2-D spectral distribution for different
sets of 2-D harmonics is discussed in the text. This FORTRAN

algorithm could be used in a problem depending upon the



computational requirement of the problem. Efficient Fourier

Transform (EFT) algorithm is used in the computations of harmonics.

Methodology

The Fourier series (harmonic) analysis of any two dimensional (2-D)
grid point distribution, f(x,y), requires the distribution to be
defined 1in the 2-D interval [(-LX,LX),(~Ly,Ly)] and determined

outside this 2-D domain by the following relations.
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In other words, the 2-D distribution has 2-D periodicity with 2Lx
and 2Ly as its periods along x and y direction, respectively. 1-D
Fourier series or Fourier expansion of f(x,y) (for a fixed

direction) is defined by the following equation; Spiegel (1974).

£(x,y) =:E: [A° (y) Cos(mTx/L_) + A% (y) Sin(mMx/L_)] (2)
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where 1-D Fourier expansion coefficients A;\ (y) and %:\ (y) are

computed using the following equations.
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We include the second dimension, i.e. y direction, by expressing the
functional dependence of the 1-D Fourier expansion coefficients Ai\
(y) and ﬁi (y) as another 1-D Fourier series expansion in the

following form.

A% (w) = ) [A°° CostnWyst.) # A% sinlall y/L_)] (4.A)
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N=0b
A% (y) = [ASC Cos(nWy/L.) + AS® Sin(nWy/L_ )] (4.B)
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where Fourier expansion ccoefficients 7% , go= A and Aiﬁﬁare
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computed using the following relations.
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Coefficients A° (y) and Aiq(y) appearing in Egs.(5.4),(5.B),(5.C),
m



and (5.D) are computed using Egs.(3.4),(3.B). On subsituting
Eqs.(4.A) and (4.B) in Eq.(2) we get 2-D Fourier series
representation of any 2-D periodic grid point distribution f(x,y) in

the following form.

£(x,y) =Z 2 [AS® r;os{nﬁy/Ly) + A®® sin(n ﬁ'y/Ly)JCOS(mﬁx/Lx)
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+ [A%° Cos(nWy/L. ) + ASS Sin(nVWy/L )1Sin(m NWx/L_) (6)
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For numerical computations we discretise the continuous features.
Let Nx and Ny be the number of grid points along x and y direction,
respectively. If N ( = Nx Eha Ny) is even then the number of cosine
(sine) expansion coefficients are N/2 +1 (N/2 - 1). However, if N is
odd then the number of cosine [sine] expansion coefficients are (N-
1)/2 + 1 [(N-1)/2]. To facilitate simplicity in FORTRAN-77 coding,
we introduce (i) for even N, two additiﬁnal sine expansion
coefficients of =zero wvalues as the first and ,(N/2)th sine
coefficients and (ii) for odd N, we introduce an additional sine
expansion coefficient of 2zero value as the first sine Fourier
expansion coefficient. In FORTRAN-77 computations of these additions
are incorporated by prescribing the maximum number of truncations

(coefficients) NCX and NCY as per the following (FORTRAN-7T7)

statements

NCX

Nx/2 + 1 (7.4)

NCY Ny/2 & (7.B)



for . both types (even/odd) of values':of N, and Ny as INTEGER
arithmatic of FORTRAN-77 will yield desired values of truncations
for both the directions. The discretised equivalent of continuous

2-D Fourier series representation is used in numerical computations

and it is given by the following equation.

Nex WY
£ :jr 2- [A°C Cos(2ngll /n_) + ACS Sin(2ng N /n )]Cos(Zmpﬂ7n )
n=)

+ [47° Cos(2nq N /n_) + i Sin(2nq |\ /n )]Sin(2mpTT/n ) (8)
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Here (i) NCX and NCY are the maximum values of the truncations along
x and y directions, respectively EE is any (p,q)th grid

P,q

point of the 2-D grid point distribution f(x,y) and qu = f(pAx,qA
y) where A x (A y) is the grid length along x (y) direction (iii)
n, (ny) =N -1 ( Ny - 1) are the number-of grid intervals along x
(y) direction, respectively and (iv) first point in the discrete

representation of Eq.(8) is chosen as the origin.

Egs.(T7.A) and (7.B) give maximum permissible values of
truncations for each direction. However, the values of NCX and NCY
to be used in FORTRAN code will depend wupon the variance
(variability) requirements. For any given 2-D periodiec grid point
distribution, we can tabulate the percentage variance of the grid
point distribution explained by the spectral distribution for

different number of harmonics as per the different wvalues of the



truncations (NCX,NCY). Analysing such a tabular information, we can
fix the wvalues of parameters NCX and NCY as per Lhe required
acceptable variabilty of the spectral distribution. Variance of a 2-
D grid point distribution f(x,y) is computed using the following

relations.
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where f 1s mean value of the distribution f(x,y) and is evaluated

as under.

f* . (NxNy)‘1[ §E1 Ziﬂ fi,j] (10)

Percentage variance of the variance, VAR[f], of the original grid
point distribution f(x,y) explained by the variance, VAR[fS], of the

spectral distribution is obtained using the fellowing relation.
PRCNT = 100 * VAR[f_] (VAR[£])™ (11)
Examples

The =zalgorithm worked out in the earlier section is used on three
different sets of 2-dimensional grid point distribution of INPUT
data.In each of these three cases we have considered Nx = Ny = i
which gives maximum number of 2-D harmonics in each direction as 6
i.e. maximum value of variables NCX and NCY in the FORTRAN code is

6.The 2-D grid point distribution obtained by using the maximum

number of 2-D harmonics, for each direction, and the percentage







































