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PROGRAM FOR THE ANALYSIS OF TIME SERIES

By Thomas J. Brown
Langley Directorate, U.S. Army Air Mobility R&D Laboratory

Christine, G. Brown and Jay C. Hardin
Langley Research Center

SUMMARY

A digital computer program for the Fourier analysis of discrete time data is
described. The program is designed to handle multiple channels of digitized data on gen-
eral purpose computer systems. It is written, primarily, in a version of FORTRAN II
currently in use on Control Data Corporation (CDC) 6000 series computers. Some small
portions are written in CDC COMPASS, an assembler level code. However, functional
descriptions of these portions are provided so that the program may be adapted for use
on any facility possessing a FORTRAN compiler and random-access capability.

Properly formatted digital data are windowed and analyzed by means of a fast
Fourier transform algorithm to generate the following functions: (1) auto and/or cross
power spectra, (2) autocorrelations and/or cross correlations, (3) Fourier coefficients,
(4) coherence functions, (5) transfer functions, and (6) histograms.

One of four standard data windows may be selected for application to the input data,
and a filter, as described by the user, may be applied to the spectral data prior to output
or generation of correlation functions. The output, as selected by the user, is written on
a binary file for further processing or for user-designed graphics. Output is also printed
in tabular form and/or fanfold-plot form as desired.

The basic theory employed in the design of the program is described in sufficient
detail to permit the user to make appropriate choices from the options available.

INTRODUCTION

Although there have been many computer programs written for the purpose of time-
series analysis, each program depends upon the type of data and the objectives of the
research. Standard Fourier series routines are useful in describing deterministic peri-
odic functions. Through a slight generalization, a similar routine can be employed in the
analysis of transient deterministic functions. However, when the signal is considered to
be random, another type of analysis, based upon the concept of power spectra, must be



utilized. Most power-spectral techniques compute the average lagged product or correla-
tion function of the input signal, which is quite expensive in terms of time and storage.
Further, many of these programs are essentially research tools and are inefficient for
the analysis of large quantities of data.

The recent advent of the fast Fourier transform algorithms has revolutionized the
field of time-series analysis. By the proper use of these algorithms, a single program
can be developed to handle the three types of functions discussed in the previous para-
graph. Further, in the case of random processes, the average lagged product is no longer
required. Thus, such a program is much more efficient than those employing the older
technique. For this reason, digital analysis of large quantities of data becomes a
practicality.

This report presents a computer program for the digital analysis of random and
deterministic time series. The program (PATS) is written in a version of FORTRAN II
currently in use on Control Data Corporation (CDC) 6000 series machines. It employs
the fast Fourier transform and the concept of block averaging to improve statistical vari-
ability. It is intended for use by the practicing engineer who desires a minimum of
involvement with the mechanics of time-series analysis. It does, however, require that
the user possess a working knowledge of the theory of time-series analysis to obtain
meaningful results in an optimal fashion; therefore, aspects of the theory required for
operation of the program are discussed in this report. Only the actual equations used in
the program are presented in the body of the report, as the basic theory is well docu-
mented. Additional information and background may be found in references 1 to 5. How-
ever, in the cases where the authors were unable to find satisfactory developments of the
fundamental equations used, the necessary derivations were included as appendixes.

Properly formatted discrete time data are analyzed by PATS through the use of a
fast Fourier transform, from which the following functions are derived:

(1) Auto and/or cross power spectra

(2) Autocorrelations and/or cross correlations

(3) Fourier coefficients

(4) Coherence functions

(5) Transfer functions

(6) Histograms

Power spectra may be filtered in the frequency domain prior to output or further
processing with a filter of the user's description. Data may be output on a line printer in
tabular form and/or plotted on the fanfold form, as specified by the user. In addition, all
output is saved on binary files, which may be processed further or displayed by means of
user-designed graphics.
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The program was specifically designed to run economically and efficiently in a
batch-processing environment from remote terminal equipment. This requirement places
a constraint on the size of the program, which in turn limits the maximum resolution
obtainable in the frequency domain. In some cases it was prudent to use existing sub-
routines which are written in CDC COMPASS, an assembler level language. Functional
descriptions of these subroutines are provided in an appendix, together with other infor-
mation necessary to allow a user to adapt PATS to a non-CDC system with random-access
capability.

SYMBOLS

Ak'Bk Fourier coefficients

B0. Bernoulli number
^J

e base value for natural logarithms, 2.7182818284

E( ) expectation operator

f(t) continuous function of time

L frequency of data points in amplitude bin j

F(o>) continuous function of o>, Fourier transform of f(t)

FT(U>) continuous function of u>, Fourier transform of f(t) defined on the
interval T

G(o>) continuous function of w, Fourier transform of a linear system response
i

h(t) continuous function of time

H(u>) continuous function of o>, Fourier transform of a transfer function subject to
input x(t) and output y(t)

Im( ) imaginary part of a complex number



j,k,£,m,n indices

k equivalent number of degrees of freedom

L number of blocks of time data

M amplitude of a square wave

N number of samples of time data per block

N^ number of amplitude bins

Nf. total number of samples of time data

p period

p(x2) probability density function, a function of the variable x2

P,(u>) continuous function of w, power spectrum of the time function f(t)

P power in the mth 1/3-octave band

RT(T) continuous function of time lag T, autocorrelation function of f(t)

R (T) autocorrelation function (eq. (B4))

R (T) continuous function of time lag T, cross correlation function of x(t) and y(t)

Re( ) real part of a complex number

S*(<jj) continuous function of w, power spectral density of f(t)

S power spectral density in the mth 1/3-octave band

S (u>) continuous function of u>, power spectral density of x(t)

Sv(u>) continuous function of u>, power spectral density of y(t)
J

S (co) continuous function of co, cross power spectral density of x(t) and y(t)



t time, sec

T time interval of length T seconds

ud(t),Ud(u>) data-window transform pair

u (t),U (w) Hamming data-window transform pair

un(t),U (u>) Hann data-window transform pair

Up(t),Up(u>) Parzen data-window transform pair

uT/2^'^T/2^ "boxcar" data-window transform pair

var( ) variance operator

w = e-i27r/N

Wpj data-window correction factor for correlation estimator

Wu data-window correction factor for spectral estimator

x(t) continuous function of time t

X(u>) continuous function of w, Fourier transform of x(t)

X,p(w) continuous function of w, Fourier transform of x(t) defined on the
interval T

y(t) continuous function of time

Y(w) continuous function of u>, Fourier transform of y(t)

z- sequence of complex numbers generated from discretized time histories

zk

N-l
sequence of complex numbers related to Zj by zk = } z.W-1

i=o



a significance level of a x distribution

/3 factor dependent on window chosen

t\
y (u>) continuous function of u>, coherence function of x(t) and y(t)xy

r( ) incomplete gamma function

6( ) Dirac delta function

A change

H mean value

v positive integer

a2 variance of the random process x

$, discrete phase angle, deg

n
X chi-square random variable

2 9X critical value of x
\j

2 9Xg expected value of x

a; frequency, rad/sec

a>k,wn discrete frequencies, rad/sec

uv,iv Nyquist frequency, rad/sec and Hz, respectively

Mathematical notation:

~'~ estimated quantities

' new variable

* complex conjugate operator



( )! factorial operator

ABBREVIATIONS

DFT discrete Fourier transform

FFT fast Fourier transform

PATS program for the analysis of time series

PSD power spectral density

SFT slow Fourier transform

THEORY AND EQUATIONS

Discrete Fourier Transform

Generalized harmonic analysis begins with the calculation of a Fourier transform,
which assumes a definition of a transform pair. For the purposes of this program, the
transform pair is given by

=if f(t)e- iwtdt (1)

f(t) = f F(u>)eiu)t dco (2)
•-'-on

When the integral in equation (1) exists, it defines a function, generally complex, known as
the Fourier integral, or transform of f(t). The function f(t) is then known as the
inverse Fourier transform of F(UJ), and f(t) and F(u>) are said to be a transform
pair.

The finite Fourier transform is an approximation to equation (1) which assumes that
f(t) is identically zero outside the region of definition. If f(t) is known on the interval
-T/2 to T/2 continuously, then the finite Fourier transform of f(t) is given by

rp /O

F M = M f(t)e' iwtdt (3)



When f(t) is known at N equally spaced discrete points covering the entire interval T,
FT(O>) may be approximated at the frequencies

by the discrete Fourier transform (DFT) given by

N-l
(-l)kM £ f(j Atje-12"*/* (4)

where At is the time sampling rate. This discrete Fourier transform is the basic rela-
tion which must be evaluated in all types of digital time-series analysis.

There are two inherent limitations in using the discrete Fourier transform as an
estimate of the true Fourier integral. First, the finite Fourier transform assumes that
the function for which the transform is desired is zero outside the region T. This intro-
duces an error in resolution which is discussed in a subsequent section, "Data and
Spectral Windows." Second, it can be shown that for N input time points, only N/2
unique frequency points will be generated. The highest of these w^ = 7r/At, which occurs
when k = N/2, is called the Nyquist or folding frequency and is significant in that any
energy present in the data with a frequency above (t)v will appear erroneously at a lower
frequency. This phenomenon is known as aliasing and is to be avoided. Since the Nyquist
frequency is a function of the sampling rate, aliasing may be reduced by choosing the
sampling frequency at twice the highest frequency for which nonnegligible power occurs
or by low pass filtering the signal at the Nyquist frequency.

Assuming that the Nyquist frequency has been properly chosen, the discrete Fourier
transform (eq. (4)) may be obtained from calculations of the standard relation

i=o

where W = e~
l277/N and z, is a sequence of complex numbers. To evaluate equa-

2 ^tion (5), N operations are required (N multiply-add operations which must be repeated



N times). Implemented in this form, equations (4) and (5) are referred to herein as the
slow Fourier transform (SFT).

The fast Fourier transform (FFT) derives its name from its computational effi-
ciency, which requires that N = 2n, where N is the number of points to be transformed
and n is an integer. For this choice of N, the number of operations is reduced from
N to 2N Iog2 N, and considerable time is saved. However, the restriction that N be
a power of 2 is often undesirable; consequently, both the FFT and the SFT are imple-
mented in PATS and may be used interchangeably as the application requires.

Spectral Representations

As mentioned in the Introduction, there are several types of harmonic analysis in
common usage. Which of these is preferred depends roughly upon whether the signal is
steady or transient and whether it is considered random or deterministic. However, all
these cases may be analyzed by means of the discrete Fourier transform, which was dis-
cussed in the previous section.

Fourier coefficients of periodic functions.- Suppose f(t) is periodic with period p.
Then f(t) may be represented by the Fourier series

f(t) = _2 + ) (A. cos w.t + B, sin ov t) (6)
2 /-^ \ K K K K 7

k=l

where oj, = 27rk/p are harmonics of the fundamental frequency of the signal. If N
samples of this signal at equal intervals At are available for a total record length of
T = N At and if T = fcp, where v is a positive integer, then employing these values in
equation (5) yields

(k = 0, 1 ,2 , . . .,H/2v) (7)

where ~ indicates an estimate of the required quantity. An estimate of the phase
at frequency w, can also be obtained from

6k0 = arc tan -r-



Two factors should be particularly noted in this representation: First, the total
signal length should be a multiple of the period of the signal. If this is not the case, then
the frequencies at which the finite transform is evaluated will not correspond to the fun-
damental frequencies in the signal, and smearing will result. Second, since the Nyquist
frequency occurs at the frequency o> = TiN/tp, the frequency content of the signal should
be limited by means of a low-pass filter, because aliasing can cause significant errors in
the estimate if the signal contains power above the Nyquist frequency. A thorough dis-
cussion of this representation is given in appendix A.

Amplitude spectra of transient functions.- If f(t) is a transient function, that is, it
begins at a finite time and dies away after some time, it may be represented by the
Fourier integral in equation (1):

F(u>) = -i- f° f(t)e-ia>t dt
2 TT J-°o

If N samples of this signal at equal intervals At are available, a spectral estimate
may be obtained by employing these values in equation (5). Then, by equation (4),

(k = °> J> 2> • • - N/2>

where

K N At

Power spectra of random processes. - If the signal f(t) is not considered to be a
deterministic function, but merely one member of the ensemble which comprises a ran-
dom process, the concept of power spectra must be employed to provide a harmonic
representation of the function. Strictly speaking, such a representation is valid only
when the random process may be said to be both stationary and ergodic. Briefly, this
means that the statistics of the process are independent of time (i.e., no change in the
mechanism of generation is present) and that each sample function is representative of
the whole ensemble.

When these conditions are satisfied, the Fourier integral representation given by
equation (1) does not exist, since the function is not square integrable. However, the

10



finite Fourier transform given by equation (3) does exist and an estimate of the power
spectral density of the random process f(t) may be obtained from

If N values of the function f(t) exist at equally spaced intervals At and these
are employed in the standard transform (eq. (5)), then the spectral estimate becomes

S At z,
2

(9)

It will be shown in a later section that the factor At/47rN must be modified for other
considerations. However, equation (9) does show the basic dependence of the spectral
estimate on the standard transform given by equation (5).

It should be noted that if the random process does not satisfy the condition of sta-
tionarity, a representation in terms of power spectra is invalid and, in fact, no general
representation of reasonable utility exists. If only the condition of ergodicity is violated,
the power spectral representation is valid. However, many sample functions must be
collected and an ensemble average taken over them. The reader may find a more detailed
discussion of stationarity and ergodicity and their implications in reference 5.

In this section, it has been indicated that the three most widely employed spectral
representations may all be estimated from the standard transform given by equation (5).
In the next few sections, some particular aspects of this technique will be discussed.

Data and Spectral Windows

One inherent limitation in techniques of spectral estimation is that the data input
must always be finite in length. This causes a frequency smearing, or lack of resolution.
The phenomenon may be analyzed by investigating the relation between the finite Fourier
integral Frp(w) and the infinite Fourier integral F(o>).

To do so, rewrite equation (3) as follows:

dt=T ^ UT/2(t)

11



< T / 2 < * >

-T/2 T/2

Figure 1.- The boxcar data window.

where UT/«(t) is the "boxcar" data window, as shown in figure 1. From the Fourier

frequency convolution theorem, equation (10) may be rewritten as

FT(w) = F(w') UT/2(w - co') dco< (11)

where F(u>) is the true transform and the transform of U

sMc.T/2)

is given by

(12)

Thus, FT(CO) is seen to be the weighted average of the values of F(o>) about w = w'.

As can be seen in figure 2, Frp(w) is an estimate of F(u>), the true Fourier transform
of f(t). Because of the duality of time-domain multiplication and frequency-domain

UT/2(" - w')

Figure 2.- The average smoothed spectral estimate.
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convolution, the finite transform FT(W) at u> = o>' is an infinite sum of contributions
selected from F(u>) by UT/o(w). The magnitude of these contributions is dependent
upon the lobes of UT /2 on either side of the maximum, known as side lobes. It is thus
desirable to minimize the size of the side lobes of UT /« in order that FT(U>) may
approximate F(o>) accurately. It is worthy of note that as T — °°, the approximation
improves. This phenomenon may be seen by reference to equation (12), which shows that
the main lobe narrows and the side lobes decrease with increasing T. The finite Fourier
transform may thus be considered a smoothed approximation as seen through a window,
in this case UT /2, which is referred to as the boxcar spectral window.because of the
characteristic square shape of its transform in the time domain.

These data windows and spectral windows exist because of the finite length of the
data over which the user has no control. However, there are data windows for which the
side lobes of the corresponding spectral window are lower than for the boxcar window,
and the averaging is thus concentrated at points nearer u>'. It is therefore often advan-
tageous to employ one of these windows.

PATS provides three window options in addition to the boxcar. They are the Hann
data window given by

un(t) Jl(l + cosM'

(t < -1/2)

(-1/2 S t 5 1/2)

(t > 1/2)

. U3)

the Hamming data window given by

(t < -1/2)

um(t) = ^ 0.54 + 0.46 cos iZh (-T/2 ^ t § 1/2)

(t > 1/2) I

and the Parzen data window given by

.

2 1 2|t|

T /\ T

3

( l t l ^T/4)

(14)

(15)

13



A thorough discussion of relative merits of the Hamming and Hann data windows
may be found in reference 3. The Parzen window is, however, unique and warrants some
discussion. Reference 2 will show that Parzen windows possess no negative side lobes as
do Hamming and Hann windows. This unique feature precludes the presence of negative
spectral estimates, which may occur when using either of the latter windows for comput-
ing power spectra. This advantage is offset by the complexity of the window and the
extra computing time encountered in its use.

Because of the existence of these windows, it is necessary to use a different power
spectral estimate from that given by equation (9) in order for the estimate to be power
preserving. This new estimate is defined by

(16)

where

f°
=J V (t) dt (17)

is a window correction factor. The derivation of this estimate is given in appendix B.

Variation of Estimates

When f(t) is considered to be a random process, the power spectral estimate
Sf(o>) will be a random variable for each frequency u>, because the estimate is calculated

from a single sample function while the true spectrum is an average over the entire
ensemble. Thus, the estimate will vary about the required value. In order to reduce this
variation, PATS uses the concept of "block averaging." The total record length of N^
points is divided into a number of blocks of length N. Then, it is shown in reference 1

that
»

var(sf(w)l
L J _ 0 N

T^fe[sf(u>)j

where E and var indicate the ensemble expectation and variance of the random vari-
able Sf(o>), respectively, and ft is a factor dependent upon the window chosen.

14



One simple way of assessing this variation is to assume that S,(u>) is a chi-square
random variable. Then,

varf"sf(u))l

e\

{'
keq

where ke_ is the equivalent number of degrees of freedom of the random variable

Sf (co) , and bounds on the variation may be obtained from the relation (see ref . 5)

k Sf(w)
ec* f (18)

pa W p. -i k fw6q * . < E Sf (w) S ec* f

2 a\ L f -I 2 L_a
fc IT) Xfc Tkeq\2/ K

eq\ 2

with probability 1 - a, where a is the significance level and

2
*keq(<x) = b

eq .

The function p(x£ \ is the probability density function for a chi-square random variable

with k degrees of freedom.

The number of blocks used determines the number of degrees of freedom. For L
sequential nonoverlapping blocks, as shown in figure 3, the equivalent number of degrees

2Nt
of freedom kgq is shown in reference 1 to be —-, that is, /3 = 1. For (2L - 1) blocks

o c Nf
overlapping by 50 percent, as shown in figure 4, reference 1 shows that keq ~-yy—, that

is, j8 = — and is dependent upon the window used. In PATS, kea is calculated exactly
18 "

through the use of equations to be found in reference 1.

As can be seen, the number of degrees of freedom available for a fixed record length
may be improved slightly by overlapping data blocks by 50 percent. This technique is pro-
vided as a program option but is not recommended if the available data are of sufficient
length to obtain the desired variance without the use of overlapping.

15



Figure J.- Nonoverlapping blocks.

3 2L-3

Figure k.- Blocks overlapping by 50 percent.

One-Third-Octave Power Spectra and General Power Spectra

Power spectra, as differentiated from power spectral densities (PSD), are in gen-
eral computed by multiplying the PSD by the bandwidth of the estimate. For a sam-
pling rate of At and block size of N points, the bandwidth of the estimate is given
by w> = 27T/N At. Thus, the power spectrum is computed from equation (16) as

M ,„ ,2
kNWu

(19)

16



One-third-octave spectra are computed by summing the contributions of the narrow-band
spectra given by equation (16) over the 1/3-octave band. Thus, where band m is of
width Ao>m, then Pm, the 1/3-octave power for band m, may be approximated by

= I (20)

The 1/3-octave power spectral density is then given by

m
27T

(21)

Estimated Cross Power Spectra

The cross power spectral density between two signals x(t) and y(t) is estimated
by PATS from the following equation:

where

(22)

N-l

j=0

N-l

(j At)Wjk

(23)

z, ' =

i=o

Block averaging is used. However, unless the coherence function, to be discussed in a
later section, is unity, x and y are unrelated, and techniques for estimation of variance
are not currently available. When coherence is near unity, equation (18) may be applied.

Estimated Autocorrelation Functions

The estimated autocorrelation function may be obtained from the PSD estimate as
follows:

17



R, dw (24)

Thus, the estimated autocorrelation function would be computed by applying the inverse
FFT to the PSD estimate. This technique is appreciably faster than the method of stan-
dard lagged products originated by Blackman and Tukey (ref. 3).

It should be recalled, however, that since only a finite record was utilized in the
FFT, a frequency window was introduced in the spectral estimate. As a result, the auto-
correlation function computed from equation (24) will be distorted for large values of r.
Thus, it is necessary to introduce a new estimate

(25)

where

r°°L u dt

'R- p

J-OO ̂  ^

Note that the correction factor W^ is a function of the lag r and the data window ud(t)

chosen. The derivation of this factor may be found in appendix C.

An additional source of error is referred to as circular correlation error, a thor-
ough discussion of which may be found in reference 2. Briefly, because of the periodic
nature of the DFT, a correlation function obtained by inverting the power spectrum tacitly
assumes that data outside the known interval are repeated periodically. This assumed
periodicity introduces errors in the estimates for all values of lag greater than zero, as
illustrated in figure 5.

Virtual data

Figure 5-- Illustration of circular correlation error.

18



For a lag of k At, the real and virtual data overlap at k points to introduce an
erroneous result. A remedy for this situation is to insert zeros in the last half of the
data block, as shown in figure 6. In the situation depicted in figure 6, the virtual data are
set to zero; thus, a zero result is produced for the k overlapping points. PATS provides
for zero insertion as a selectable computation option.

Zeros

Figure 6.- Illustration of zero insertion for correcting circular error.

Spectral Filtering and Narrow-Band Correlation Functions

Once the Nyquist frequency is chosen and a digital tape generated, a DFT analysis
becomes somewhat inflexible. The spectra and correlation functions will contain all the
information up to the Nyquist frequency. Often it is desirable to track a narrow band of
frequencies, as in the case of time-space correlation studies of structures. This may be
accomplished by digital filtering in the frequency domain. If G(w) is the transfer func-
tion of the desired filter and X(u>) is the FFT of the input signal, the transform of the
filtered signal Y(co) is given by Y(o>) = X(o>) G(w). The filtered or smoothed correla-
tion function may then be obtained by application of equations (16) and (24).

PATS permits the user to construct a spectral filter of any general description by
selection of a number of points on the desired response curve. A smooth function of fre-
quency is then generated by fitting these points with a set of straight lines and quadratic
and cubic curves in such a manner that the result is a continuous function through the first
derivative. A thorough explanation of the technique may be found in reference 4. It
should be noted that this option can also be employed for prewhitening and postdarkening
should the user so desire. A thorough discussion of these filter applications may be found
in reference 3.

Estimates of Cross Correlation Functions

Cross correlation functions are computed from cross power spectral densities by
inversion through the use of the FFT. That is,
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Rxy(T) = W

Zero insertion is optional in the program, although circular errors result if it is not
employed. If zero insertion is employed, accurate estimates of both amplitude and phase
are obtained with PATS. Spectral filtering for the purpose of smoothing of cross correla-
tion functions, as previously described, is also available. It should be noted that care has
been taken so that phase is unaltered by the filtering process.

Transfer and Coherence Functions

The coherence function is a real- valued quantity which rr°v be estimated as

2

„
yx M = • (27)y

where x(t) and y(t) are the input and output of a system, as shown in figure 7. Here
H(o>) is the Fourier transform of the system response h(t). Since

2
s sx(u>) s (w)

then rxyM = !•

o
In the event that the system is linear, y~L = 1 and an estimate of the transferxy

function of the linear system may then be computed by

H(w) = - — (29)
Sx(u>)

It should be noted that the estimate of the transfer function is valid only when the coher-
ence is high. Also, the estimation for coherence is highly biased for small statistical
accuracy (small number of degrees of freedom). Thus, a large number of blocks should

obe averaged to get as accurate an estimate of y as possible.
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x(t)- •y(t)

Figure 7-- System response.

Histograms

A histogram is used to obtain estimates of the probability density function of the
time data as follows: Consider a block of data as shown in figure 8. An array of ampli-
tude bins is set up by PATS, as shown, and the number of points in each bin fj is counted
from a total sample of Nt points. The resulting histogram is then plotted.

fit)

jth bin

/ z\ \\ /

Figure 8.- Amplitude bins for histogram computation.

The hypothesis that the process is Gaussian may also be tested by using the chi-
square goodness-of-fit tests. To do so, the Gaussian distribution with the sample mean
p, and sample variance a2 is generated. The sample mean j! is estimated from the

Nt Nt

- V xi , z2original data as u. - / -^- and the sample variance cr
t-i Nt

as

The bin frequency fj is then subtracted from the expected frequency Ntpj, where PJ

is the Gaussian probability of the jth interval. The sum of the squares of these differ-
ences is compared with the x2 distribution with k = (Nb - 3J degrees of freedom,
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2 2where N^ is the number of bins selected. The effective value of x > or Xe> is com-

puted by

Nt

2 \ \j i-jy (30)

2
The probability density functions of the \ random variable are given by

e-X/" (31)

2 2
where n is the number of degrees of freedom. The critical value of x > or X,,? *or

\j

the a significance level may be found from equation (31). The normality hypothesis is
2 2rejected when xe
 > X • The decision to reject the hypothesis, however, is left to the

2user, as the value of xe is quite sensitive to N^. A detailed description of hypothesis

2
testing using the x distribution may be found in reference 5.

PROGRAM DESCRIPTION

Operating Environment

PATS was developed for use on the Langley Research Center CDC 6000 Operating
System. It is written in CDC FORTRAN and uses some library subroutines written in
COMPASS, the CDC assembler level code. The central memory requirement is 60000g
for compiling and executing the source version presented here and SSOOOg for loading
and executing the absolute binary version.

Six files are used by the program: TAPE1, TAPE5=INPUT, TAPE6=OUTPUT,
TAPE?, TAPES, and TAPE9. TAPE1 is a binary file containing the input time series
written in one of the three formats described in appendix D. TAPES is a binary-coded
decimal (BCD) file containing the card input data in NAME LIST and FORTRAN READ
formats. It is equivalenced to the input file. TAPES is a BCD file containing the output"
to be printed. It is equivalenced to OUTPUT and is automatically printed. TAPE? is a
binary file containing output values of all spectra, correlations, coherence, and transfer
functions computed during execution of the program. TAPES and TAPE9 are random-
access disk storage files used for temporary storage. TAPE1 will be a magnetic-tape
file. TAPE? may be a magnetic-tape file or a disk file copied to a tape after execution.
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Program Specifications

The program is written as an overlay structure with two levels. The main overlay
sets up the COMMON storage arrays and calls the primary overlays for multiple-case
execution. The first primary overlay reads the card input, checks for errors, prints
informational messages, and computes the accuracy, measurement of the spectral estima-
tors. The second primary overlay reads the input time series by blocks, computes the
transform of each block, and stores the results on random-access disk storage. The
third primary overlay calculates the averaged auto power spectra and autocorrelations
and calls the plot subroutines. The fourth primary overlay calculates the average cross
power spectra, cross correlations, transfer functions, and coherence and calls the plot
subroutine. One large array in blank COMMON provides the temporary storage blocks
for all overlays. Initial block addresses are assigned in the main overlay for reference
by the primary overlay programs. Labeled COMMON blocks hold the input and control
parameters used by all the levels.

Appendix E contains a general flow diagram of PATS. Appendix F contains a list of
the programs and subprograms used in PATS, with a brief description of the purpose of
each. Appendix G contains the Langley Library subroutines used by PATS. Appendix H
contains the source listing of PATS.

OPERATING INSTRUCTIONS

Deck Setups for Langley Operating System

The following examples show deck setups for the Langley Operating System.

Deck setup 1.- Purpose is to fetch and execute the absolute binary version. Field
length required is 55000s-

JOB card

USER card

FETCH(A4119, ,BINARY, ,PATS)

NOMAP.

LINECNT, 10000.

iREQUEST^APE^HY. tapeno.,ROL,

RE WIND (T APE 1)

SETINDF.

PATS.

See Langley Computer Programing Manual for format.

23



RFL,10000.

DROPFIL(TAPEl)

RE WIND (TAPE 7)
1REQUEST,TAPE99,HY. SAVTP,RIS,your 3 initials, identification

COPYBF(TAPE7,TAPE99)

DROPFIL(TAPE99)

EXIT.

RFL,10000.

DROPFIL(TAPEl)
REWIND(TAPE7)

BEQUEST,TAPE99,HY. SAVTP,RIS,your 3 initials, identification

COPYBF(TAPE7,TAPE99)

DROPFIL(TAPE99)

27/8/9

(Data card deck inserted here)

36/7/8/9

Deck setup 2.- Purpose is to fetch, compile, and execute the source version. Field
length required is GOOOOg.

JOB card

USER card

FETCH(A4119, ,SOURCE)

RUN(S, , ,SCFILE)

LINECNT, 10000.

iREQUEST^APEl.HY. tape no.,ROL,

RE WIND (TAPE 1)

SETINDF.

LGO.

*See Langley Computer Programing Manual for format,
o
End-of-record card.
End-of-file card.
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RFL,10000.

DROPFIL(TAPEl)

REWIND(TAPE-7)

BEQUEST,TAPE99,HY. SAVTP,RIS,your 3 initials, identification

COPYBF(TAPE7,TAPE99)

DROPFIL(TAPE99)

EXIT.

RFL,10000.

DROPFIL(TAPEl)

RE WIND (TAPE 7)

iREQUEST^APEgg^Y. SAVTP,RIS,your 3 initials, identification

COPYBF(TAPE7,.TAPE99)

DROPFIL(TAPE99)
27/8/9

Mod card deck if any (may be a blank record)

27/8/9

(Data card deck inserted here)
36/7/8/9

Card Input Data Description

The card input parameters are entered via FORTRAN NAMELIST and READ state-
ments with formats for the READ statements as specified. Some parameters have
default values noted below. Parameter types are defined as I, integer; R, real;
A, alphanumeric.

See Langley Computer Programing Manual for format.
o
End-of-record card.

o
End-of-file card.
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NAME LIST input format:

FORTRAN
name

$INPUT

ITFMT

Default
value

Parameter
type

NFSKIP

NRSKIP

SN

DELTAT

STARTT

OFFSCAL

NCH

SCALFAC

NPTOT

NREAD

IAUTOSP

0.0

106

1.

R

R

R

R

I

R

26

Description

Code for input tape format:
1 tape format 1
2 tape format 2
3 tape format 3
(see appendix D for format descriptions)

Number of logical binary files on input
tape to be skipped before starting exe-
cution of this case

Number of logical binary records on
input tape to be skipped before starting
execution of this case

Serial number of input data

I/Sampling rate of input data

Starting time in seconds at which pro-
gram is to start processing data from
input tape

Off scale value for all channels

Number of data channels on input tape
(maximum value = 14)

Array of NCH values of scale factors,
one for each channel of input data; every
point for channel i is multiplied by
SCALFAC (i).

Total number of data points to be read
for each channel

Number of data points per block to be
read for each channel (maximum value
is 1024 for INZERO=0, 512 for
INZERO=1)

Array of NCH codes for computing auto
spectra:
1 compute auto spectrum for channel i
0 do not compute auto spectrum for

channeli



FORTRAN
name

IAUTOCO

Default
value

0

Parameter
type

IFILTER

NCROSS

ICROSS

0

0

ICRSP

ICRCOR

ITRA

Description

Array of NCH codes for computing
autocorrelation:
1 compute autocorrelation for channel i
0 do not compute autocorrelation for

channeli

Array of NCH codes for spectral
filtering:
1 filter auto and cross spectra for

channeli
0 do not filter spectra for channel i
(autocorrelation and cross correlation
will be computed from filtered spectra)

Number of pairs of channels to perform
. cross functions on (maximum value = 20)

Array of channel numbers for cross
functions:
ICROSS(l,i) first channel no. for pair i
ICROSS(2,i) second channel no. for

pair i

Array of NCROSS codes for computing
cross spectra for each pair of channels:
1 compute cross spectrum for pair i
0 do not compute cross spectrum for

pair i

Array of NCROSS codes for computing
cross correlations:
1 compute cross correlation for pair i
0 do not compute cross correlation for

pair i

Array of NCROSS codes for computing
transfer functions:
1 compute transfer function,

H(w) = Sxy(w)/Sx(w)

-1 compute transfer function,
TJ// »\ O It .\ /O it \\n(W) = SjjyVW;/ oy^W;

0 do not compute transfer function for
pair i
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FORTRAN
name

ICOH

Default
value

Parameter
type

LAP

IWINDOW

ITYPESP

NPRINT

IP LOT A

100

IPLOTC 0

Description

Array of NCROSS codes for computing
coherence:

1 compute coherence function for
pair i

0 do not compute coherence for pair i

Code for overlapping blocks of input

data:
1 overlap data blocks 50 percent
0 no overlap

Code for type of data window:
0 boxcar window
1 Hann window
2 Hamming window
3 Parzen window

Code for type of spectral output:
1 power spectrum
2 power spectral density
3 amplitude spectrum

Number of points to be printed from
auto or cross spectra

Code for auto spectral fanfold plots
and/or binary tape output:
1 no output
2 plot and save 1/3-octave spectra only

(log scale)
3 plot and save narrow-band spectra

only (linear scale)
4 plot and save narrow-band spectra

only (log scale)
5 both options 2 and 3
6 both options 2 and 4

Code for cross spectral fanfold plots
and/or binary tape output:
0 no output
1 plot and save real and imaginary

(linear scale) against frequency
(linear scale)
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FORTRAN
name

IPLOTC

Fl

F2

LAG1

LAG2

PCTC

NBINS

DMAX

DMIN

INZERO

Default
value

0

Parameter
type

0.0

20000.

0

0

90.

0.

0.

0

R

R

R

R

R

Description

3 plot and save magnitude and phase
(linear) against frequency (linear)

5 plot magnitude (log scale) and phase
against frequency (linear) and save
magnitude and phase values

Lower limit of frequency to be plotted
on narrow-band spectra plots

Upper limit of frequency to be plotted
on narrow-band spectra plots

(If Fl and F2 are both zero, no narrow-
band plots will be made)

Lower limit of the number of time lags
to be plotted on correlation plots

Upper limit of the number of time lags
to be plotted on correlation plots

(If LAG1 and LAG2 are both zero, no
correlation plots will be made)

Percent band to be used for calculation
of confidence band and level of signifi-
cance in chi-square calculation

Number of bins to be used in
histograms:
0 no histograms
(maximum value=100)

Array of values of maximum readings
for each channel

Array of values of minimum readings
for each channel

Code for zero insertion option:
1 insert NREAD zeros at end of input

data block (block size is 2 x NREAD)
(this option should be used for runs
requesting cross correlations)

0 no zero insertion
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FORTRAN
name

NFILTP

FREQF

WGHTF

Default
value

0

0.0

0.0

Parameter
type

R

R

Description

Number of points in input spectral
filter:
0 no spectral filter
(maximum value=50)

Array of values of frequency for spec-
tral filter

Array of values of weights for spectral
filter
(user should be careful to specify points
close together where derivative of filter

function changes)

Input cards after NAME LIST input:

Card
no.

FORTRAN
name

YLABEL

TRACK

Format

2A10

8A10

Parameter
type Description

Array of two words (20 characters)
to be written on each plot frame
for case identification

Array of NCH identification words,
one unique word for each channel
on input tape, eight words per
card; more than one card may be
needed

Output Description

The contents of the printed output and binary tape output of PATS are described in
this section.

Printed output.- The printed output consists of the following items:

(1) Echo of input data

(2) Informational messages about block size, type of Fourier transform to be used,

error messages about input data

(3) Accuracy measurement of the spectral estimators

(4) Table of values of spectral filter calculated from input table by SPLINE
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(5) Table of number of off scale values read for each channel

(6) For each channel processed,

a. Channel number, channel ID, mean and square root of variance of input
data (MEAN and SIGMA) and the root mean square (RMS) as computed
from the power spectral density

b. If auto spectral output is desired, a list of NPRINT values of frequency
and power of averaged narrow-band spectrum, and 1/3-octave band
power spectrum and power spectral density

c. If autocorrelation is desired, a list of time and Rx, with time lags from 0
to N/2 (N=block size)

(7) If histograms are requested, a fanfold plot of bin number against counts, a list of
values of occurrences, and a goodness-of-fit test calculation

(8) For each pair of channels processed,

a. If cross spectral output is desired, a list of NPRINT values of frequency,
real and imaginary parts, and magnitude and phase of complex narrow-
band power spectrum

b. If cross correlation is desired, a list of time lag and Rxy(T), with time-
lag values from -N/2 to N/2 (N=block size)

c. If coherence is desired, a list of NPRINT values of frequency and
coherence

d. If transfer function is desired, a list of NPRINT values of frequency and
transfer function

(9) Fanfold output — plots of every function computed for which plots are specified
will appear in the printed output immediately following the listed values; the
plots are limited to 256 points each to conserve line count; the first 256 points
between Fl and F2 of each spectrum are plotted; points between LAG1 and
LAG2 of correlations are plotted, skipping intermediate points to reduce the
number of plotted points to less than 256

Binary tape output.- Every function computed is written onto file TAPE? when it is
computed. All calculated values are written. One record is created on the file in the
following format:

Word Type Description

1 to 6 A Label describing function and channels

7 I Number of points in output function, NP
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Word Type Description

8 . R First value of independent variable

9 R First value of dependent variable

10 R Second value of independent variable

11 R Second value of dependent variable

NP + 7 R NPth value of independent variable

NP + 8 R NPth value of dependent variable

In printed output, a message is written noting the record number and descriptive label for
the function.

Restrictions and Limitations

The restrictions and limitations for use of PATS are as follows:

(1) The binary input tape must be positioned at the beginning of the data to be pro-
cessed before the program starts reading data for the case. This may be accomplished
by using control cards before execution and by assigning the correct nonzero values to
NFSKIP and NRSKIP for each input case. For tape format 1, it should be positioned at a
record with the desired serial number in the second word (may be after the first record).
For tape format 2, it should be positioned at the ID record with the desired serial number
in the eighth word. For tape format 3, it should be at the record of the file containing the
desired serial number. If this condition is not met, a message will be printed and execu-
tion stopped. When both NFSKIP and NRSKIP have nonzero values, NFSKIP files are
skipped first. For tape format 2 the ID record is checked, the next two records are read,
then NRSKIP records are skipped. For tape format 1, no records are read before skipping
NRSKIP records.

(2) The version of the program being presented has a maximum block size of 1024.
The program storage requirements are SSOOOg for the absolute binary version and GOOOOg
for the source version. To change this limit, NMAX must be assigned the desired value
in the program MAIN and the dimension of CMAIN changed accordingly.

(3) The number of block averages and the number of individual channels to be pro-
cessed are restricted by NBCMAX. The product must be less than or equal to 800. To
change this limit, assign the desired value to NBCMAX in MAIN and change the dimension
of KNDEX accordingly.
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(4) The number of data channels on the input tape is limited to 14. To change this
limit, change the dimensions of all variables dimensioned 14 in COMMON blocks BLK2,
BLK5, and BLK8 in all overlays; assign the correct value to NCHMAX in MAIN; and make
CMAIN dimension the larger of 4NMAX+6 or 2NMAX+6+64NCHMAX+512.

(5) When the amplitude spectrum option is selected, no other functions will be
calculated.

(6) Filter input function is restricted to 50 points. To change this limit, change the
dimensions of FREQF and WGHTF in COMMON block BLK9 in all overlays and change
value in test in READIN (two statements after statement number 113).

Error Messages and Remedies

The error messages and suggested remedies are as follows:

(1) NCH GREATER THAN NCHMAX, PROGRAM WILL NOT READ TAPE COR-
RECTLY. JOB TERMINATED.
To correct, see item 4 in "Restrictions and Limitations."

(2) YOU MAY HAVE CIRCULAR ERROR IN YOUR CORRELATIONS BECAUSE YOU
HAVE NOT ASKED FOR ZERO INSERTION.
Job will continue. To correct, change INZERO to 1 and rerun.

(3) BLOCK SIZE TOO LARGE FOR DIMENSIONS PROVIDED.
Job terminated. To correct, see item 2 in "Restrictions and Limitations."

(4) NO 50 PERCENT OVERLAP ON ZERO INSERTION RUNS.
Input value of LAP will be altered to zero and job will continue.

(5) INPUT INDICATES NO CHANNELS TO BE PROCESSED.
Job terminated. Check input data and rerun. PATS resets all computing options other
than AUTOSP to zero when ITYPESP=3. See item 5 in "Restrictions and Limitations."

(6) NCHP*NBLK GREATER THAN NBCMAX.

Execution ended. To correct, see item 3 in "Restrictions and Limitations."

(7) INPUT ERROR, NFILTP GT 50.
Execution ended. To correct, see item 6 in "Restrictions and Limitations."

(8) NCH GT 100 NOT ALLOWED.
Execution ended. No correction of program possible.

(9) TAPE NOT POSITIONED AT ID RECORD FOR DESIRED SN.
Execution ended. Correct input deck to position tape correctly and rerun.

(10) TAPE NOT POSITIONED AT DESIRED SN.
Execution ended. Correct input deck to position tape correctly and rerun.
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(11) STARTING TIME NOT FOUND ON FILE,
Execution ended. Check tape for correct times.

(12) END OF FILE ENCOUNTERED BEFORE NPTOT POINTS READ.
Check tape for number of points after STARTT; correct input data and rerun.

CONCLUDING REMARKS

This paper has presented a general purpose digital computer program for the har-
monic analysis of multiple channels of time-history data. The program is written pri-
marily in CDC FORTRAN and employs the technique of the fast Fourier transform. A
complete program listing with descriptions of necessary subroutines is included so that
the program may be adapted to any facility. In addition, the philosophy and theory
employed by the program are discussed so that the user may make appropriate choices
among the options available.

Langley Research Center,
National Aeronautics and Space Administration,

Hampton, Va., April 8, 1974.
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APPENDIX A

FINITE FOURIER TRANSFORM OF A PERIODIC SIGNAL

Suppose that f(t) is a signal with period p. Then, it can be represented by the
Fourier series

A °°

0 Vf(t) = — + > (An cos wnt + Bn sin wnt) (Al)
n=l

where u>n = — — are harmonics of the fundamental radian frequency o> = — of the sig-

nal. Further, suppose that N samples of this signal at equal intervals At are avail-
able for a total record length of T = N At.

The finite Fourier transform of this signal is given by

N-l

£
j=0

Xk = f(j At)e-i27rJk/N (k = 0, 1, 2, . . ., N/2)

2i7kat the frequencies o)^ = ——. These frequencies will correspond to the harmonic fre-

quencies of the Fourier series if and only if T = vp, where v is a positive integer. In
this case, the mth harmonic will be equal to the kth frequency at which the finite transform
is evaluated when k = ism.

Now, when t = vp, it can be shown that the finite Fourier transform of equation (Al)
is given by

oo oo oo
An sr- A - JB V -^ V T

Xk = — N 6(k) + N > — 6(k - wi) + N ) — > 6(k - vn + ZN) + 6(k + im -
2 n=l 2 n=l 2 1=1

00 00

— \ [fi(k - wi + ZN) - 6(k + wi - ZN)1
2 /-/ L J

n=l

where 6(j) is the Dirac delta function.
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APPENDIX A

The most interesting of these transforms are those which correspond to harmonics

of the fundamental period, that is, k = vm. For this case,

Am " iBm
N

1=1

The summation terms in equation (A2) involve aliasing of power from higher frequencies.
Note that the aliasing depends upon N/y, the number of points per fundamental period of
the signal. Since the Nyquist frequency occurs when v = N/2, the aliasing may be
removed by filtering the signal above iv = 1/2 At = N/2vp. Assume that aliasing has
been removed, then

vm

N

and

As an example, consider the square wave of amplitude M and period p. If the
Fourier series representation of this signal is considered, it can be shown that

An = - \ f (t) cos u)nt dt = 0
P J0

and

(n odd)

(n even)

Thus, the square wave admits the Fourier series representation

OO
V—*

2n - 1
sin (A4)
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The magnitude and phase of this representation are given by

0 (n even)
AA

and

?H = tan'1H =I

An 2

(n odd)

To obtain the finite Fourier series representation for this function, assume, without
loss of generality, that v = 1 and N is an even number. Then, since equation (A4)
yields f(0) = f(p/2) = 0, the finite Fourier transform becomes

N-lxk = f(j At)e-i27rJk/N

j=0

= M I (e-i2*k/N/ - M Y (e-i2*k/N)

' 1 - e'i7rk \l] M
l-e-

i2"k/N 7

/ -i27Tk/N .\\

N~\2 /

x -i2?rk/N -i27rk/N ,
1 - e /

= M
1 . eiirkVe-i27rk/N _ e-ijrk)

-i27Tk/N
1 - e

-2Mi cot TTk

N

(k even)

(k odd)
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Thus,

N -12M CQt Trk
N N

(k even)

(k odd)

From equations (A2) and (A3), it can be seen that when k is even,

and

Further, when k is odd,

-UnpE = ̂ M cot 1* = M
\N/ N N N

_N
TTk

OO

N
(A5)

where B2i is a Bernoulli number. The summation which appears in this equation is the

aliased term which arises because the signal was not low pass filtered.
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APPENDIX B

SPECTRAL ESTIMATION THROUGH USE OF THE FINITE FOURIER TRANSFORM

Let x(t) be an arbitrary stationary random .process and define

T= ± f x(t)e-iujt dt = J- p ud(t) x(t)e-ia)t dt (Bl)
<27T J-T/2 ^TT J_oo U

where u^t) is any data window which is zero for |tj > T/2. Then, the power spectral

estimate becomes

t2 (B2)

Taking the ensemble expectation of this quantity yields

where

RJ(T) = S (wt)eia'"r dw' (B4)
^-00

is the autocorrelation of the random process x(t). Employing this relation in equa-
tion (B3) gives

' f 2 f. dt' Ud('l)

<B5)
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Now, define

where U^co) will be real and even if u,(t) is even. Then equation (B5) becomes

= %; f S^M Ud(<o - a;') Ud(w- - w) dw' = £ f
1 "-"-oo 1 •-'-o

Thus, the spectral estimate obtained in this way is a smoothed approximation to the actual
spectrum as seen through the spectral window characterized by squaring the Fourier
transform of the data window. •>•

/•'
In order for this estimate to be power preserving, it is necessary for the integral

of the mean estimate to be equal to the total power. Integrating equation (B3) yields

lw (B8)
-> 'I' A & <s-oo -«^_oo —\ -/ -\ ~/ V / •-'-oo

and since

equation (B8) becomes

r̂..c
(B10)
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Since the total power in the signal is given by RX(O), define a new estimate S^u)
by the following equation:

dw - Rx(0) (Bll)

Clearly, this estimate is related to the old estimate S (u>) by

(B12)
u

where

(B13)

is the window correction factor. Thus, since the estimate Sx(w) is given by equation (9)
as

47TN k

the desired spectral estimate SY(o)) is obtained:
A.,

27rWu

The window correction factors for the various data windows are as follows:

For the boxcar window,

W - Twu - i

For the Hann window,

„, _3T

(B14)

(B15)

(B16)

41



APPENDIX B

For the Hamming window,

W u = T(0.3974 - f - . . (B17)

And for the Parzen window,

(B18)
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APPENDIX C

AUTOCORRELATION ESTIMATION FROM ESTIMATED POWER SPECTRAL DENSITY

The autocorrelation of a function of time x(t) would normally be estimated as the
inverse Fourjer transform of the estimated power spectrum; that is,

RX(T) = f Sx(w)eiwT dw (Cl)

) =f°°
J «J_

Thus,

F- 1 r°° r_ -, ,.._
•w. (C2)

Now, it can be shown from the equations of appendix B that

r~ i 9,, r°° 9ESx(w) = —J Sx(u>') Ud (w1 - u>) dw1

Thus, equation (C2) becomes

E RX(T) =-|l f dw'e ia>lT Sx(a)') V dw Ud
2(W - w)e"l(a)'"u))T (C3)

L J Wu'-'-oo «>_oo

Now, by setting WQ = w' - w, equation (C3) yields

9 r°° • < r00 • -
= — \ dw'e Sx(w') \ dwrv U

W,, J_oo «-'_oo

Recall the definition (from eq. (B6))
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Further, since u,(t) is real and even for all windows considered in this report, Ud(u>)
is real also. Thus,

Ud
2(u>) = Ud(w) Ud*(w)

-rsC^r.*111^
and

and

dt

(C5)

However,

l - . / x t,+T) = g ( t _ t, +T)

Thus, equation (C5) becomes

Ud(t) Ud(t + T) dt

E R ( r ) I = ̂  - 1 (̂7) (C6)
oo '

ud
•-'-oo

Therefore, in order to have an unbiased estimate of the autocorrelation, it is necessary
to define the new estimate (eq. (25)):

= W R S e d o ;
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where.

Ud(t) Ud(t + T) dt

is again a window correction factor.

Note that for the boxcar window,

uT/2(t) =
1 'n (otherwise)

tOO

dt = T
Co U

and

rco
\ UT/2(t) UT/2(t + T) dt =
J_oo 1/4 A/'2 (otherwise)

Therefore,

(H<T)
\ J. /

WR =
1 0 (otherwise)
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BINARY INPUT TAPE FORMATS

Tape Format 1

Data digitized by analog-to-digital conversion equipment at Langley is edited,
reduced to engineering units, and put on a digital computer tape. The computer program
which does this is called the Adtran Quantity Pass and its standard output data tape is
called Adtran Output Tape. The CDC Adtran Output Tape is explicitly blocked and the
actual end-of-file mark is used to indicate the end of writing on tape.

All tapes will be written in the binary parity using the standard CDC FORTRAN 2.0
input/output statements. There will be between 11 and 110 FORTRAN 2.0 logical words
per frame. These frames will be blocked into larger physical records. A file of data
will be completely defined by serial number. New serial numbers will always begin in a
new physical record. If a physical record is not complete, it will be filled with 999999
(six 9's). The end of writing on the tape will be indicated by an end-of-file mark. The
frame format is as follows:

Word Type Contents and Description

1 Floating The number of channels of data in this
frame; less than 40 for continuous data
and less than 100 for commutated data

Serial number; the input card format for
serial number should be 6 digits wide

3 Words 3 and 4 are the primary engineer-
4 ing identification, for example, test and

run; they would be represented on input
card formats by no more than 6 digits
apiece

5 Words 5 and 6 are additional engineering
6 identification

7 Words 7 and 8 are Greenwich Mean Time
8 and are used only for telemetry data; for

ground facilities, word 8 may be ground
facilities

Frame count which starts at 1 for each
new serial numberV
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Word

10

11

12

13

APPENDIX D

Type Contents and Description

Floating Elapsed time in seconds; processing will
be controlled by elapsed time within a
file; the increments in elapsed time may
not.be constant

Data channel 1

Data channel 2

Data channel 3

N + 10 Data channel N, where N is the number
given in logical word 1

The relationship between frames and records is shown below.

Number of channels,
N

1 ̂  N £ 10
10 < N ̂  20
20 < N ̂  30
30 < N ̂  40
*30 < N S 100

Words per
frame

20
30
40
50
110

Frames per
record

25
17
12
10
4

Words per
record

500
510
480
500
440

Commutated.

As an example, to read a 12-channel frame, a physical record of 510 words is read.
The time of the first frame is in word 10, the time of the second frame is in word 40, . . .,
the time of the 17th frame is in word 490.

Tape Format 2

The tape is a FORTRAN written, binary-parity, multifile tape with a flexible yet
efficient format. Each file contains four basic record types (ID, NAMES, UNITS, and
DATA) and consists of a continuous unique test (or run). The ID record contains non-
repetitive information such as run or test number, date, time bias, and record blocking
factors. The NAMES and UNITS records contain data channel names and engineering
units, respectively. The DATA records themselves contain the engineering data. In
addition, each record begins with a KEY word denoting the record type followed by a word
containing the record size. Thus, all information necessary to operate on any file is
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available within the first

file are as follows:

Record 1 ID Record

APPENDIX D

four records of the file. The formats for the records in each

Word

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20-21

Name

KEY

NN

IWD

KCH

NFR

m(i)
ID(2)

ID(3)

ID(4)

ro(5)
ID(6)

ro(7)
ro(8)

ID(9)

ro(io)
ID(ll)

ro(i2)
m(i3)
ro(i4)
ro(i5-i6)

Format

A

I

I

I

I

A

A

F

A

A

F

A

A

F

A

A

F

A

*I

A

Description

ID

Number of remaining words in the record = 19

Number of words of unblocked data in a data
record

Number of words of blocked data in a data
record

Number of frames in a data record (blocking
factor)

Name for first ID parameter = SERIAL

UNITS for first ID parameter - NUMBER

First ID parameter = the serial number

NAME(2) second ID parameter = TEST

UNITS(2) second ID parameter = NUMBER

Second parameter - the test number

NAME (3) = DATE

UNITS(3) = DAYS, YR-MONTH-DAY or
UNKNOWN

PARAMETER(S) = YEAR X 10000 + MONTH
x 100 + DAY

NAME (4) = BIAS

UNITS(4) = SECONDS

PARAMETER^) = GMT time bias

NAME (5) = ENGR ID

UNITS(5) = 2

PARAMETER(5) = Engineering identification
(two words)

When the UNITS word for a parameter contains an integer less than 12, the param-
eter is defined to be alphanumeric data of that many words in length.
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Record 2 NAMES Record

Word Name Format Description

1 KEY A NAMES

2 NN I Number of unblocked parameters plus num-
ber of blocked parameters

3 NN + 2 NAMES A Names for unblocked data parameters fol-
lowed by names for blocked data

Each parameter including time will have a name.

Record 3 UNITS Record

Word Name Format Description

1 KEY A UNITS

2 NN I Number of unblocked parameters plus num-
ber of blocked parameters

3 NN + 2 UNITS A Units for unblocked data followed by UNITS
for blocked data

The UNITS are not always necessary and will sometimes be blank.

Record 4 through EOF, DATA Records

Word Name Format Description

1 - KEY A Data

2 NN I Number of remaining words on
the record (IWD + KCH * NFR)

3 XDATA(l) F First word of IWD words of
UNBLOCKED data (FRAME
COUNT, e.g.)

4 + IWD ZDATA ZDATA(I,J) F Blocked data I parameter,
J frames

The data records are optimally packed to approach, but not exceed, 512 words per record.
The record size is determined as follows:

SIZE = NFR * KCH + IWD + 2

where

NFR = (510 - IWD)/KCH
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NFR is the blocking factor (integer)
IWD is the number of nonrepeated words in the record
KCH is the number of data channels

For example, a test with 9 recorded channels and only one word of unblocked data per
record would have 507 words in each data record as follows:

KCH = 9
IWD = 1
NFR = (510 - l)/9 =.56

Therefore,

SIZE = 56 * 9 + 1 + 2 = 507

Tape Format 3

The binary tape is written by using subroutine RECOUT. The data passed to
RECOUT at each time point are

Word Contents

1 Serial number

2 Time

3 Data channel 1

4 Data channel 2

NCR + 2 Data channel NCH

All words are in the floating-point mode.
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APPENDIX E - FLOWCHART FOR PATS

Read one block of
tape input for each
required channel

Calculate Fourier
transform for each
channel and store on
random-access file

Compute histograms
and print fanfold plots

Read transform
for one channel
from random-

access file .

Apply spectral
filter if desired

Compute auto
spectrum selected

by ITYPESP

Print auto spectrum
in tabular form and

write on binary
output file

Are both
Fl and F2
nonzero

9

Print fanfold plot
as indicated by

IPLOTA

C /is
auto-

correlation
desired for

this
channel

9

Calculate inverse
transform from

auto PSD

Calculate
autocorrelation
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Print autocorrelation
in tabular form and

write on binary
output file

Are both
LAG1

and LAG2
nonzero

Print fanfold plot

E

Compute cross
spectrum selected

by ITYPESP

Prjnt cross spectrum
in tabular form and

write on binary
output file

re
all

desired
auto functions

complete

Are any
cross functions

requested

Print fanfold plot
as indicated by

IPLOTC

Read transform
for each channel
of a pair from
random-access

file

Apply spectral
filter if desired

Calculate
cross correlation
from cross PSD

Compute cross PSD•SD

Print cross correlation
in tabular form and

write on binary output file
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No

H
Compute TRAXY or TRAYX
from auto and cross PSD's

Print transfer function
in tabular form and write

on binary output file

Compute coherence
from auto and cross

PSD's

Print coherence in
t-ahniai- form and

write on binary ouput
file

Are all
cross functions

complete
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PROGRAMS AND SUBPROGRAMS USED BY PATS

The programs and subprograms written specifically for PATS are given in the fol-
lowing list with a brief description of the purpose of each.

MAIN Sets storage array dimensions, sets up random-access files 8 and 9,
calls overlays for input, computations, and output

PLOTNB Sets up arrays for plotting narrow-band spectra on fanfold
References FANFOLD

FANFOLD Plots an array in printed output with heading, max, min, and scale; the
ordinate is across the page; the abscissa (index number in the array) is
down the page, one point per line; up to 256 points per plot may be plotted

FOURT Computes the Cooley-Tukey fast Fourier transform for an array of com-
plex numbers; the number of points is arbitrary, although the subroutine
operates much faster on powers of 2

READIN Reads NAME LIST and FORTRAN READ input, checks for input errors,
and prints informational messages, including accuracy measurement of
spectral estimators
References CSQ

CSQ Computes value of chi-square for given level of significance and number
of degrees of freedom
References ITR2, FUNC

FUNC Function subprogram used by CSQ to evaluate the chi-square probability
function

BLOCKS Calls subroutines to read data from binary input tape and perform
Fourier transforms for given number of blocks of data
References READTPE, TRAN

READTPE Reads one block of data from binary input tape for selected channels and
stores the data on random-access file 9; if overlap option is selected,
each block after first takes the last half of the previous block and fills
the rest of the block with new data
References WRITMS, READMS, RECIN
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THAN

BANNING

HAMMING

PARZEN

AUTOSP

AUTO

NORMAL

PFUN

PLOTB

BANDS

BNDSUM

CROSSP

APPENDIX F

For each channel of data selected, this subroutine reads one block of
input data from random-access file 9, counts occurrences for histograms,
windows the data, extends the block with zeros if zero insertion option is
selected, performs Fourier transform, and stores the results on random-
access file 8
References READMS, WRITMS, MANNING, HAMMING, PARZEN, FOURT

Weights the input array by the Harm data window

Weights the input array by the Hamming data window

Weights the input array by the Parzen data window

Sets up storage arrays for subroutine AUTO and calls for histograms if
selected; calls SPLINE to evaluate the spectral filter weighting function
References AUTO, NORMAL, SPLINE

For each selected channel of input data, computes the mean and variance
of analyzed data (including overlap if used), reads all transforms for this
channel from random-access file 8 and averages the amplitude spectra or
PSD, applies the spectral filter, prints results, and calls selected plot
routine; auto PSD is stored on random-access file 9; 1/3-octave spectra
are calculated from the narrow-band spectra and printed; if autocorrela-
tion is selected, the inverse transform of the auto PSD is performed and
the result printed and plotted on fanfold
References READMS, WRITMS, PLOTNB, BANDS, PLOTB, FOURT,
ASCALE, FANFOLD

For each selected channel of input data, calls FANFOLD to plot histogram
data, calculates chi-square for goodness-of-fit test, and prints the results
References FANFOLD, PFUN

Function used by NORMAL to calculate probability density function of a
normally distributed random variable

Calls FANFOLD to plot 1/3-octave spectrum
References FANFOLD

Integrates narrow-band spectrum for 1/3-octave power spectrum
References BNDSUM

Computes sum of given array of complex numbers

Sets up storage arrays for CROSS
References CROSS
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SPLINE
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For each pair of channels: reads transforms for both channels for all
blocks from random-access file 8, averages the products for cross PSD,
prints the desired results, and calls for selected plots; the cross correla-
tion is computed from the inverse transform of the cross PSD, and the
results are printed and plotted on fanfold; coherence and transfer function
are calculated from the auto PSD's stored on random-access file 9 and
the results are printed and plotted on fanfold
References READMS, PLOTNB, ENCODE, FOURT, ASCALE, FANFOLD

Fits a smooth curve to a set of input data points and evaluates the func-
tion at evenly incremented intervals over a given range
References SIMEQ
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LANGLEY LIBRARY SUBROUTINES

The Langley Library subroutines used by PATS are ASCALE, GAMMF, ITR2,
OPENMS, READMS, RECIN, SIMEQ, and WRITMS. The subroutine RECOUT is not used
by PATS but must be used separately to generate input data in tape format 3. Usage
descriptions of all these subroutines are given in this appendix.

Subroutine ASCALE ,

Language: FORTRAN

Purpose: To compute a scaling factor for an array of numbers to be plotted over a certain area and find
the minimum data value within the array.

Use: CALL ASCALE(ARRAY,S,N,K,DV), where

ARRAY Name of the array containing the floating-point values to be scaled

S Length (floating-point inches) over which the data are to be plotted (usually the length of
one of the axes)

N Number of data values in ARRAY from which points are to be plotted in accordance with K

K Interleave factor which specifies the sequence in which data are stored:

1 indicates that values are stored sequentially
2 indicates that values are stored in every other location in the array

DV Number of divisions per inch of the plotting paper to be used (should be 10.0, 20.0, 25.0,
or 25.4) . t

i
Restrictions: The array must be dimensioned to include storage space for two extra elements per inter-

leave factor. For example: N = 100, K = 1, DIMENSION ARRAY (102); N = 75, K = 3, DIMENSION
ARRAY (231).

Method: This routine scans the elements in the array to find the minimum and maximum. ASCALE com-
putes an adjusted minimum (origin value) and stores it in ARRAY((N*K)+1) and computes a scale factor
and stores it in ARRAY((N*K)+1+K). The scale factor will be a power of 10 x (2,4,5, or 10). The data
in the array may be scaled to floating-point inches by using a formula similar to the following:
SV = (AE-MV)/SF, where SV is the scaled value, AE is the present value of array element, MV is
either the minimum value or the value desired at the origin, and SF is the scale factor computed by
the subroutine.

Storage: 2628 locations for the CDC 6000 series.

Subprograms used: ALOG, ALOG10.

Other coding information: Example: DIMENSION ORD(102),ABS(204);CALL ASCALE(ORD,10.,100,1,10.);
CALL ASCALE(ABS,15.,100,2,10.).

Subroutine date: September 3, 1970.
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Function GAMMF

Language: FORTRAN

Purpose: To compute the incomplete gamma function

r(A,X) = C e'^jA1^
JX

If X = 0, then the complete gamma function is obtained.

Use: Y = GAMMF(A,X), where GAMMF(A,X) is defined as the integral from X to » of exp(-/n) times n
to the (A-l)th power d/i. .

Restrictions: X = 0; when X = 0, A is not a nonpositive integer. The following subprograms are called
by GAMMF: GSERES, GCHEB, GFRAC, GAMNEG.

Method: The method was originated by the AEC Computing and Applied Mathematics Center, Courant
Institute of Mathematical Sciences, New York University.

(a) If A = 0,

T(0,X) =

OO

v + log(X) + Y ilS2.
t-J n.n.'

n=0

(b) If A = -N, for some positive integer N,

./ ,\N
T(-N,X) =

«

(c)If X = 0,

r(A,o) =

Ej(X) - e-x
i=o

X

o
= r(A)

which is the complete gamma function.

A rational Chebyshev approximation is used:

(d) For A * 0, X < ^A + 1,

OO

r(A,x) = r(A) - XA

n=0 (A

(e) For A * 0, X S \ |A |+ ' l ,

r(A,X) =
X + 1 + X + 1 + X +
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Accuracy: Complete gamma function:

Test 1: A = 0.1(0.1)0.9 -by formulas as in reference (a)
Test 2: A = 1.1(0.1)1.9 and 10.0(10.0)110.0

Incomplete gamma function:

Test 1: A = 1.0(0.1)2.0, X = 0.1(0.1)0.9 by formulas in reference (a)

All test results as compared with table entries of reference (a) were good to about 10 decimal places.

Reference: (a) Davis, Philip J.: Gamma Function and Related Functions. Handbook of Mathematical
Functions, Milton Abramowitz and Irene A. Stegun, eds., Nat. Bur. Stand. Appl. Math. Ser. 55, U.S. Dep.
Com., June 1964, pp. 253-293.

Storage: GAMMF 610s locations.

Coding information: GAMMF itself is a branching function which according to the values of A and X
calls the following functions:

(a) GSERIES(A,X), which computes

V (-X)n

A. (A -t- n)n!
n=0(A

(b) GCHEB(A), which computes by a rational Chebyshev approximation r(A)

(c) GFRAC(A,X), which computes the continued function for r(A,X)

(d) GAMNEG(IA,X), which computes r(A,X) when A is a negative integer IA

(Because of the representation of numbers in the CDC 6600, of A = -N ± e, where e > l.E - 10, then A
is taken to be a negative integer.)

Subprograms used: System library functions EXP, ALOG.

Function date: August 1, 1968.
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Subroutine ITR2

Language: FORTRAN

Purpose: Given F(X) = 0, to find a value for X within a given relative error, epsilori, in a given
interval (a,b).

Use: CALL ITR2(X,A,B,DELTX,FOFX,E1,E2,MAXI,ICODE), where

X

A

B

The root

The lower bound on X; this value is used by ITR2 as an initial guess

The upper bound on X; this value is used by ITR2 as a final guess if the entire interval is .
scanned

on

DELTX AX, the size of the scanning interval

FOFX The name of a function subprogram to evaluate F(X)

El Relative error criterion

E2 Absolute error criterion

MAXI A maximum iteration count supplied by the user

ICODE An integer supplied by ITR2 as an error code; this code should be tested by the user
return to the calling program:

0 normal return
1 maximum iterations are exceeded
2 DELTX = 0 or negative
3 a root cannot be found within the given bounds
4 A>B

Restrictions: Make A < B, AX positive. A function subprogram with a single argument X must be
written by the user to evaluate F(X). The name of this subprogram, FOFX, must appear in an
EXTERNAL statement of the calling program.

Method: The given function F(X) is evaluated at a given starting point a and at intervals of a specified
AX thereafter, up to and including a specified end point b. A change of sign of the function across a
AX interval indicates a possible root in that interval. The interval is then halved successively toward
F(X) = 0 until the prescribed accuracy is satisfied. The given function F(X) is evaluated once for
each halving step.

If the given function is expected to have more than one root between the prescribed starting and end
points, it is suggested that a sufficiently small value of AX be given so that no more than one root is
present within a AX interval. A normal return is given upon the location of the first root from the
starting point a. Additional roots must be located by new entries into the subroutine using a new start-
ing point a which is just beyond the previous root.
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Accuracy: The iteration process is continued until either of two convergence criteria is satisfied. These
criteria are

If

= fel

if

5 en

Storage: 260g locations.

Subroutine date: August 1, 1968.
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• Subroutine OPENMS

Language: COMPASS

Purpose: To open a random-access file.

Use: CALL OPENMS(U,IX,L,P), where

U The logical unit number

IX The first word address of the index

L The length of the index

P 0 for numbered indexing; 1 for named indexing

Restrictions: OPENMS must be the first operation on a random-access file. The file must be a disk file.
For n index entries, the length of the index must be at least 2n + 1 if using named indexing, whereas
the index length must be at least n + 1 for numbered indexing.

Method: OPENMS sets the first word in the index to a positive number for numbered indexing or to a neg-
ative number for named indexing. The random-access bit, index address, and index length are set by
OPENMS into the FET of the file for system communication. If the file already exists, the master index
is read into central memory.

Storage: lOSg locations.

Subprograms used: System library subprograms GETBA, SIO$, SYSTEM.

Error messages: (1) UNASSIGNED MEDIUM FILE XXXXXX

(2) FILE DOES NOT RESIDE ON A RANDOM ACCESS DEVICE, XXXXXX

(3) INDEX BUFFER IS OF INSUFFICIENT LENGTH XXXXXX

XXXXXX is the file name. Termination is abnormal in each case.

Subroutine date: March 29, 1971.
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Subroutine READMS

Language: COMPASS

Purpose: To read a record on a random-access file!

Use: CALL READMS(U,FWA,N,I), where

U The logicar unit number

FWA The central memory address of the first word of the record

N The number of words of the record to be transferred

I . The record number or record name depending upon the indexing mode set by the initial call

to OPENMS

Restrictions: The file'must have been opened by a call to OPENMS.

Method: The disk address of the record is determined using the index. If n words are requested to be
transferred and there are m words in the record, where m = n, m words are transferred. If
m > n, n words are transferred.

Storage: 1 3 l g locations. . . .

Subprograms used: System library subprograms GETBA, SYSTEM, SIO$.

Error messages: (1) UNASSIGNED MEDIUM FILE XXXXXXX

(2) FILE WAS NOT OPENED BY A CALL TO SUBROUTINE OPENMS

(3) RECORD NAME REFERRED TO IN CALL IS NOT IN THE FILE INDEX

(4) *READ PARITY ERROR*

(5) SPECIFIED INDEX IN THIS MASS STORAGE CALL .GT. MASTER INDEX OR IS ZERO

Termination is abnormal.

Subroutine date: March 29, 1971.
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Subroutine RECIN

Language: COMPASS

Purpose: To read binary records written by the subroutine RECOUT(Jl.l).

Use: 1. Type 1 - Individual elements (not arrays):

CALL RECIN(LUN,IT,ICOUNT,L1,L2,. . .LN), where

LUN Logical unit number

IT Type, equal to 1

ICOUNT Location reserved by the user; RECIN will store the following information in this
location: 0, end-of-file; nonzero, number of words actually in the logical record;
if the end-of-file flag was written by a call to RECOUT with IEOF = 1, then end-
of-file testing must be done by testing ICOUNT for 0; if the end-of-file was written
by an END FILE statement, then testing for end-of-file must be done by the
IF(EOF.LUN) statement

L1,L2,. . .LN Individual list elements

2. Type 2 - Arrays:

CALL RECIN(LUN,IT,ICOUNT,ARRAY,IFIRST,ILAST,INC), where

LUN Logical unit number

IT Type, equal to 2

ICOUNT 0, end-of-file; nonzero, number of words actually in the logical record (See ICOUNT
under type 1)

ARRAY Array name

IFIRST First subscript

ILAST Last subscript

INC Increment

Examples: 1. CALL RECIN(1,1,K,A,B,ARRAY(1),ARRAY(2)).
Read a record from logical unit 1 into A, B, ARRAY(l), and ARRAY(2). Note that if the
record contained only three words, K would equal 3 and ARRAY(2) would be unaltered.

2. CALL RECIN(1,2,K.ARRAY,1,39,2).
Read 20 words from logical unit 1 into ARRAY(l), ARRAY(3), . . ., ARRAY(39).

Restrictions: If RECIN is used on a file, the only other FORTRAN statements which may be used on that
file are REWIND and IF(EOF,i).

The buffer size must be at least 200lg.

RECIN must be used to read files written by RECOUT and only by RECOUT.
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Method: RECIN reads into a central memory buffer physical records written by RECOUT, then passes to
the user the requested logical record via a list giving the elements of the desired logical record. RECIN
is analogous to a FORTRAN binary READ statement.

Storage: 301s locations.

Other coding information: Day file diagnostics and their meaning:

1. UNASSIGNED FILE MEDIUM FILE TAPEnn - No FET exists for this file.
Every file has a file environment table that contains information
describing the file to the system. This error would probably result
because the file was not defined in the PROGRAM card or the user
accidentally overwrote portions of his program.

2. BAD TYPE - The IT parameter was not 1 or 2.

3. UNCHECKED END FILE - The program attempted to read past EOF with-
out testing for EOF.

4. READ/WRITE SEQUENCE ERROR - An attempt was made to read after
writing.

Subroutine date: September 22, 1968.
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Subroutine RECOUT

Language: COMPASS .

Purpose: To write short binary records on a disk or tape in an optimum manner to increase peripheral
processor and central processor efficiency. These records are to be read by RECIN(I1.1).

Use: RECOUT may be used for either tape or disk files.

1. Type 1 - Individual elements (not arrays):

CALL RECOUT(LUN,IT,IEOF,L1,L2,. . .,LN), where

LUN Logical unit number -

IT Type, equal to 1

IEOF Equal to 1 if an end-of-file flag is desired, otherwise it must be zero. There are two
methods by which the user may end his file. One method is to call RECOUT with
IEOF = 1 when the last data record is written. This will cause an end-of-file flag
(a short length record of less than 51210 CM words) to be written. RECIN is pro-
gramed to sense this and will set ICOUNT = 0 when sensed. If this method is
used, the user must set IEOF = 1 when outputting his last data record since
RECOUT should not be called with an empty list. For all other calls to RECOUT,
IEOF must be set to 0. The other method of ending the file is to use the END
FILE statement. This is the most convenient way of ending the file

*L1,L2,. . .LN Individual list elements

2. Type 2 — Arrays:

CALL RECOUT(LUN,IT,IEOF,ARRAY,IFIRST,ILAST,INC), where

LUN Logical unit number

IT Type, equal to 2

IEOF Equal to 1 if an end-of-file desired; equal to 0 if no end-of-file (see explanation
under type 1)

ARRAY Array name

IFIRST First subscript

ILAST Last subscript

INC Increment

Examples: 1. CALL RECOUT(1,1,0,A,B,ARRAY(1),ARRAY(2)).
Write a record on logical unit 1 containing A, B, ARRAY(l), ARRAY(2).

2. CALL RECOUT(1,2,0,ARRAY,1,20,1).
Write a record containing ARRAY(l) through ARRAY(20). This is equivalent

to WRITE(l) (ARRAY(I), 1 = 1 , 2 0 ) .
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Restrictions: If RECOUT is used on a file, the only other FORTRAN statements which may be used on that
file are REWIND and END FILE.

The buffer size must be at least 20018- A normal FORTRAN buffer is this size.

Files written with RECOUT must be read with RECIN.

CM words, then RECOUT offers noIf the list to be written in a logical record is larger than
advantage and should not be used.

If the programer wishes to write a file containing multifiles using RECOUT, then'he must end each file
by setting IEOF = 1 and not by using the END FILE statement. Consequently, he should then test for
end-of-file in RECIN by testing ICOUNT for zero.

Method: Under the CDC SCOPE 3.0 operating system, each binary write commanded by the FORTRAN
statement WRITE(LUN). . . causes one or more physical records to be output to either a disk or tape
file. If the logical record size written by the programer is small and the number of records processed
is large, then excessive usage of I/O routines and equipment results. To decrease this I/O time,
RECOUT blocks binary data into an optimum record size (512j^0 CM words) in a central memory buffer
before transmitting it to the actual disk or tape file. • . •

Storage: 320s locations.

Other coding information: Day file diagnostics and their meaning:
1. UNASSIGNED FILE MEDIUM FILE TAPEnn - No FET exists for the file.

Every file has a file environment table that contains information
describing the file to the system. This error would probably result
because the file was not defined in the PROGRAM card or the user
accidentally overwrote portions of his program.

2. BAD TYPE - The IT parameter was not 1 or 2.

3. BUFFER TOO SMALL - The buffer size was less than 2001s-

4. BAD PARAM COUNT - The number of parameters in the call was illegal.

5. WRITE/READ SEQUENCE ERROR - A write request was made after a
read request.

Source: CDC.

Subroutine date: September 23, 1968.
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Subroutine SIMEQ

Language: FORTRAN

Purpose: SIMEQ solves the matrix equation AX = B where A is a square coefficient matrix and B is a
matrix of constant vectors. The solution to a set of simultaneous equations and the determinant may be
obtained. If the user wants the determinant only, use DETEV for savings in time and storage.

Use: CALL SIMEQ (A, N, B, M, DETERM, IPIVOT, NMAX, ISCALE)

A A two-dimensional array of the coefficients.

N The order of A; 1 g N Z NMAX.

B A two-dimensional array of the constant vectors B. On return to calling program, X is
stored in B.

M The number of column vectors in B.

DETERM Gives the value of the determinant by the following formula:

DET(A) =(lOlOO)ISCALE(DETERM)

IPIVOT A one-dimensional array of temporary storage used by the routine.

NMAX The maximum order of A as stated in dimension statement of calling program.

ISCALE A scale factor computed by subroutine to keep results of computation within the floating-
point word size of the computer.

Restrictions: Arrays A, B, and IPIVOT are dimensioned with variable dimensions in the subroutine. The
maximum size of these arrays must be specified in a DIMENSION statement of the calling program as:
A (NMAX, NMAX), B (NMAX, M), IPIVOT (NMAX). The original matrices, A and B, are destroyed.
They must be saved by the user if there is further need for them. The determinant is set to zero for
a singular matrix.

Method: Jordan's method is used through a succession of elementary transformations: ln, ln-i, . . ., l\.
If these transformations are applied to a matrix B of constant vectors, the result is X where AX = B.
Each transformation is selected so that the largest element is. used in the pivotal position.

Accuracy: Total pivotal strategy is used to minimize the rounding errors; however, the accuracy of the
final results depends upon how well-conditioned the original matrix is. • .

Reference: (a) Fox, L.: An Introduction to Numerical Linear Algebra. Oxford Univ. Press, c. 1965.

Storage: 432g locations.

Subroutine date: August 1, 1968.
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Subroutine WRITMS

Language: COMPASS

Purpose: To write a record on a random-access file.

Use: CALL WRITMS(U,FWA,N,I), where

U Logical unit number

FWA Central memory address of the first word of the record

N Number of central memory words to be transferred

I Record number or record name depending upon the indexing mode set by the initial call to
OPENMS

Restrictions: The file must have been opened by a call to OPENMS.

Method: The specified record is written on the file and an address entered in the index to reference the

record.

Storage: 102g locations.

Subprograms used: System library subprograms GETBA, SYSTEM, SIO$.

Error messages: (1) UNASSIGNED MEDIUM FILE XXXXXXX

(2) FILE WAS NOT OPENED BY A CALL TO SUBROUTINE OPENMS

(3) INDEX BUFFER IS OF INSUFFICIENT LENGTH

Subroutine date: March 29, 1971.
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SOURCE LISTING OF PATS

O V E R L A Y ( P A T S , 0 ,C) - •
PROGRAM M A I N { I N P U T , O U T P U T , T A P E l , T A P E i > = I NPUT , T A P E t > = OUT PUT ,T AHt 7 ,

! T A P E 8 , T A P c 9 )
COMMON C H A I N (A 102 I

C
C C M A I N MUST BE DIMENSIONED 4*NMAX*6
C
C KNDEX MUST BE DIMENSIONED N 8 C M A X + - 2

DIMENSION INOEXU29) , K N O E X ( 8 0 2 ) i
COMMON/3 L K 1 / S T A R T T , I T F M T . N B L K , I P0w2 , NCH , NPRINT , I PLOT A, IPL11TC , OH- SC

1 A U D E L T A T , SN,NR SKIP, L A P , NC ROSS, I C P J S S ( 2 , 2 G ) , N C H P , Y L A b E L l < i ) , InlNUQirt
1 f F 1 , F 2 , I T Y P E S f ' , Vv C 0 N , M F S K I P , I f F , L A G 1 , L A & <•

C O M M O N / 6 1 K 2 / I C H I 14 ) ,CHSUM< 1* ) f \l JFf- ( 14 ) , C H S U M S « ( 14 ) , S I G M P t IV) , R M S ( 1
1 4), ME AN ( 14) , S C A L E ALl 14) , CHSUM i ( 1 4 ) , T k A C K ( 14) , ICHA,\( 14) , I ( - I L T E k ( 1 4 )

C O M M O N / B L K 3 / N P T , T M A X .NPT02 , MS PCT , DELF , N64, NPT0128
1 , INZEROi N « E A O , N P T l i T

C O M M O N / B L K 4 / N M A X , M C h M A X , N B C M A X
C O M M O N / B L K 5 / P C T C .NBINS , D M A X ( 14 ) , DrtIN ( 14 ) , OBI N I 14) , B Ii\iS ( 100, 14)

1,CH1SOC
C O M M O N / B L K 6 / I S A V E 6 4 , IR I , I X P L O T , I DAT A, II, I SPECT
COMMON/BLK7/ I W O R C t 11 )
COMMON/BLK6 / I A O T O S P I it) , I A U T O C O ( 14) , ICR3 P( 20 ) , I C K C O R ( 2 0 ) ,

1 I C O H ( 2 0 )

COMMON/BLK10/NRCP07
D A T A NRCR07 /0 /

c
NMAX=1024
NCHMAX=14
NBCMAX=80<"
IZ=IRI=1
I X P L O T = I R H - N M A X + 4
I S P E C T = I S A V E 6 4 =
I DAT A= IS A V F 6 4 * 6 4 * N C H M A X
P A T S = 4 H P A T S
CALL O P E M M S ( 9 , INDEX, 129,0)
CALL O P E N M S ( 6 , K N D E X , N B C M A X < - 2 , 0 )
PRINT 1000

.1000 FORKAT( 1H1 / / / / / / / / / / 2 3X 1H'"43( 2H * 1 /2 jXl H*85X !H*/2iX lH*ax*P R 0 G R
1 A M F O R A N A L Y S I S O F T I M E S E R i t S*oXiH*
2 /23X lH*85X lH* / 2.3XlH«t>X*C . G. BROWN , T . J . B P U W i M , AND J.C.HAROIN FOP. A
3 C O U S T I C S D IV IS ION, N A S A - L R C , 197 3*JX 1H*/ 23X lri*85XlH* / 2 3 X 1 H * 4 3 ( 2 H
4*) )

C
C R E A D NAMEL IST AND CARD INPUT
C

100 CALL O V E R L A Y ( P f l T S , 1,0)
C
C R E A D ONE BLOCK CF INPUT T IME iERItS U A T A FOR NCH C H A N N E L S FnUM
C BINARY T A P E AMJ S T O R E UN RANDOM A C C E S S FILE
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k

C COMPUTE FOURIER T R A N S F O R M FOR NCri CHANNELS AMU S T O R E ON RANDOM
C A C C E S S F !LE
C REPEAT UNTIL ALL DATA IS PEAD A;NL> P R O C E S S E D . ,
r

C A L L O V E R L A Y ( P A T S , 2 , 0 )
C
C . AVERAGE NBLK POWER SPECTRA FOR EACH CHAKNtL FOP AUTO SPECTRA AND
C APPLY SPECTRAL FILTERo COMPUTE AUTOCORRELATION. PRINT FANFGLU PLOTS
C

CALL OVEHLAY(PATS,3,0)
c :
C TO COMPUTE CROSS SPECTRA
C GET NBLK TRANSFORMS FOR BOTH OF THE'CHANNELS IN EACH SELECTED PAIR
C AVERAGE TH£ PPUCUCTS FUR NARROW .BAND SPECTRA. COMPUTE CKOSSCUkRcLATlONS,
C COHERENCE, AND TRANSFER FUNCT IONS . ., PR I NT FAiMf-GLD PLOTS.
C

I F ( N C R O S S . G T . O ) CALL O V E R L AY( P A T S ,<*, 0 )
C

GO TO 100
END
SUBROUTINE PLOT NB ( YL A B E L , FR AM EL , NF, X P L U T , M , ,'KSPCT , I Luo',t- i , F2 , PL Adt

IL tNP f IFF, T S E A R C I - )
D IMENSION V L A t j E L ( 2 ) , F K A M t L t 1) , X f L O T ( l >, RI 11) , P L A b u L ( : > > ,t :(-IDt 5>) ,

1 IOEN(6 )
c ILOG - cone FDR TYPE JF SCALE FOR AXES
C = 0 BC'TH S C A L E S L INEAR
C = 1 H O R I Z . S C A L E LOG, V F P T . S C A L E LI.NtAR
C "= 2 HURIZ. S C A L E L I N E A R , V E R T . S C A L E LOG
C =3 B'JTH S C A L E S LOG
C ' '
C OPTIONS 1 AND 3 ARE NOT USED BY PATS
C

ILOGPi=ILOG*l
IF( I S E A R C H . E O o O ) GO TO 6
J1=L i J2 = N S P C T
DO i 1 = 1 , : M S P C T
J=I

•.IF( X P L O T d l . G f c . F l ) GO TO 2
1 CONTINUE
2 Ji=J t I F( ILOG.EQ.1.OR. ILOG.t J. 3 ) J 1 = M A X C ( J i , t.)

00 3 I = J l , i> iSPCT
J = NSPCT-H-J1
I F < X P L O T ( J I . L E . F 2 ) GO TU 4

3 CONTINUE
^ J2=J

NFh, = NF/10 t I F ( N F v M * ] . O . L T . N F ) NFk« = NFw*- i
NFP=NF/10 $ T F ( N F P * 1 0 . L T . N P ) NFP=NhP+i
I T ( J 1 . L T . J 2 ) GO TO b
PRINT 900, ( P L A B E L l I ) , I =1 ,NFP ) , ( F R A M E L 1 I ) ,I = 1,NFW I

900 F O R M A T ( *Or iANDW ICTH F3:« PLOTS TOO N A R R u v v * / * Nil PLUi" GE.NE^ ATEL) FOk *
110A10)
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RETURN
5 'NPL !JT=J2-JH-1

I F ( N P L O T 0 f E . N S P C T ) GO TO ICG
C MOVE P L O T T ' N G REG10M TO BEGINNING OF A R R A Y

00 4002 !=J1,J2
J=I-JH-1

4002 X P L O T t J ) = X P L O T ( I )
6 CONTINUE

DO 4003 I=J1,J2
J=1-JH-1
R I < J ) = R I ( I )

4003 CONTINUE
100 CONTINUE
103 GO TO (105 ,105 , 106,1061 , ILOGP1

C L INE/53 V E R T I C A L S C A L E
1C5 CALL ASCALt(RI , 10.,NPLOT,.1,10. )

YMIN=RI (NT-LOT <-! I S Y MAX = Y<M IN*-10. *RI< NPL OT f 2 >
GO TO 107

C LOG V E R T I C A L S C A L E
106 SMAX=-10C.

00 103 1 = 1 , NPL OT t i r - ( R K I I ) 112,112,113
112 R T ( I ) = - 1 0 0 . t GC TO 108
113 RI( I )=ALPiilO(Kim ) S SMAX = AMAX1(PI( I ),SMAX)
108 CONTINUE

IMAX=SMAX
I F ( I M A X . L f o S M £ X ) 1 H A X = I M A X « - 1
IMIN=IMAX-5
YMIN=RI(NPLJT*L»=IMIM $ YMAX=IMAX $ RI(NPLOT+2)=.5
DO 114 I=1,NPLOT
IF(RI( I l.LT.YMIM RI(I V)=YMIN

114 CONTINUE
107 CONTINUE

IF(IFf.EOoOl GO TO 24
IF (NPLOT.r7T.256 > NPLOT = 256
FFIDd ) = Y L A B t L ( 1) $ FF I i) ( 2 > = YL A3 EL ( 2 ) $ FF 10 ( 3 ) =FRAMfcL I 1 )
F F I D ( 4 ) = F R A M E L ( 2) t FF ID ( t>) = F R & M E L < 3 )
IF( ILOG.GT. 1) E N C O U c ( 5 4 , v 0 1 , I D t N l P L A B E L
IF( ILOG.LF.. I) F.NCOUE (60 ,902 , IOEN1 PLABEL

9 0 2 F Q K M A T ( 5 X , 5 A l C , b X )
CALL F A N F O L l ) ( R I ,NPLPT , i , 1 , NPLOT, ILiEN, Ih* , 1« , Y M A X , YM IN , FF ID ,NF

1 1 3 2 , 0 , X P L H T , 9 H F R E C U t N C Y )
.901 F U R M A T ( * L O G * t > A 1 0 )

24 RETUR.N
ENO
SUBROUTINt F A N F O L D ( P L O T , N f T , K , \ F , N M A X , 1 U t N , C H A R , P N O K M , ^ M A X , P M I N ,

lYLAdFL ,NYL, LU'E , I WRI Tg X , X A R R A Y , X LABEL )
D IMENSION PLOT < N M A X , I I , C H A R ( 1 I , IUEIM(5,1 I ,PnORK( 1) , Y L A B L L l 2 )

1 , P M A X ( 1 ) , P M I N ( 1 J , P S C A L E ( 1 0 ) , P L IMt(lit I , X A k R A Y ( l l
I F IL INE-12C) 7 , 7 , b

7 NCHAP.= 104 f GO TO 9
a N C H A R = 1 2 4
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9 CONTINUE
I F ( N F . G T . I O ) MF=1C
PRINT 900, < Y L A . 3 E L < I) , 1 = 1, NY LI

900 F O R M A T ( * 1 * 4 3 X B A 1 0 )
IF ( I W P . I T F X . E Q e O ) GO TO 10
PRINT 907, ( X L A B E L , J = 1 , 6 ) , ( J . X A R R AY( J ) , J = 1 , N P T , K )

9C7 F O R M A T ! / / 4 1 X * T h E *A1Q,* CODE S C A L E IS AS FOLLOWS* / 5X*COUh
16X*CGOE * A 1 0 ) / (I8,E14. 5, I8 ,E14o5, Ia,c l4<,5,Id,E14,, 5, 18, E14.5) I

1C CONTINUE
NSKIP=0
I F 1 N P T / K - 1 5 ) 16,16,17

16 NSKIP=2 $ GO TO 13
17 I F ( N P T / K - 2 5 ) 18,16,13
18 NSKIP=1
13 CONTINUE

00 1 1=1, \F
IF( P M I N ( I l . N E o P M A X U ) I GO TO 1
PMIN( 1 ) = P M A X ( ! ) =PLOT (1 ,1)
DO 2 J=l ,MPT,K

I) = AMAXl(PMAX(I),PLUTU,m
2 CONTINUE
i P S C A L E ; ( 1 1 = ( P M A X ( i I-PMNM i ) ) *PNO^M( i ) / (NCHAK-/, . i

PRINT 901, ( I ,CHAP. ( I) , < IDEM J, I ) , J = 1 , 5 ) , PNORM ( I ) , PM AX ( I ) , PM li\ ( 1 ) ,
1 P S C A L E ( I ) , I = 1 , N F )

901 F O K M A T ( / / / 5 3 X * P L G T D E S C R I P T I O N * / * FUNCT inM*67X*SCA LE* / * NO.*4X*C
i H A R A C T E R * 6 X * I UtMT IF I CAT ! O N * 3 7 X * F A C T O S * 9 X*iv iAX IMUM*8X*MI N 1 MUM*6X*RE S
;2r?LUTIUN*/< I 5 , S / X ,A l , ! JX,5 . f t lC ,4 t i5 . !5»)

P L I N E ( 2 ) = 1 H ( J. P L T N E ( N C H A P . ) = 1H) $ P L I N t ( l ) = lH
IF( NCHAR.F0 .124 I PRINT <1C2
IF lNCHAR.FQo lO ' , I P R I N T 905

902 FORM AT (
13 4 4
y T in i i£. J 1 V 11

t5 "" '"
905 F OP M A T *

13 4 4

5 5
11 1 X1 * /11 L £. /

">*)

5 5

6 6

6 6

/ / 2 G X * j .
7 7

/ / 2 C A * i
7 7

1 2 2 3
8 8 9 9 1

1 2 2 J

d/- d
r
 9

r. ^r X

IF( NSK! P.tiO. J) GP Tf! 2G
00 21 I=1,NSK!P

21 PRINT 903
906 FORM AT (1H I

- 2C CONTINUE
DC' 3 j=i ,NPT,K
OH 5 I=4,NCHAF

5 PLINEf I-1) = 1H.
00 4 1 = 1 ,\IF
P=( PLOTl J, I (-PMIM I) )/PSCALE( I I
IP=P+3.5
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I = 1 , N C H A R )
903

19
3

904-

IF< IP.LE.2...0P. IP.CE.NCHAR ) G3
IF( PLINEM T P ) . N E . 1 H I GO TO 6
P L I N E ( I P ) = C H A K ( I )
GO TP 4
PLINE( I P ) = 1 H X
CONTINUE:
PRINT 903, J, ( PLINEl I I ,
FORMAT ( 18, 124il )
I F ( N S K l P . e o . O ) GO TO 3
UO 19 I = 1 , N S K I P
PRINT 908
CONTINUE
IF(NCHA*.60.1?.4)
T F ( N C H A * . E 0 . 1 0 4 )

TO 4

PRINT
PRINT

904
906

«# • * 0 » » * * 5 » * • • 0 • •
20A*! i

6 7 7 6

) • •» • 0 • * • • !? • • • »u ••
2 2 3 3

O • » 9 1 0

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

3*/
14 5 5 6
21 11 12*)

906 FORM AT ( 10X*0....i>....0....5....G....f>.o..Oo a . . ! j . .<> .0<>,>eo !?o .e
1 5 • . . .0. . • »5 . • > • 0. . .. 5 . . • . 0. . . .5. . . . 0. . • • b. . o e 0* /20A* 1 i
2 2 3 . 3 4 4 i > 5 6 c . 7 7 d
39 9 10*1

RETURN
END
SUBROUTINE FOUR T ( DAT A , NN , NO IM, I S ! GN» I FORM , WUKK )

.
THE C O O L E V - T U K E Y F A S T FOURIER T R A N S F O R M IN U 5 A S I t tAS. IC FURTR

T R A N S F O R M ( K 1 , K 2 i.e.) = SUM ( D A T A ( J 1 , J i ,. . . )*EXiM I S IGN*2*H I *SQ
*(( Jl-1) *(K1-1 ) /NN( l ) «-( J 2 - 1 ) * ( K 2 - 1 ) / N N ( 2 ) « - . . . ) ) ) , S U M M E u T O R
Jl» Kl B E T W E E N 1 AND N N ( 1 ) , J2, K2 B E T W E E N 1 AND N N ( 2 ) , ETC.
THERE IS NO' LIMIT TO THE NUMBER OF SUBSCRIPTS. DATA IS A
MULTIDIMENSIONAL C O M P L E X A R R A Y WHOSE R f c A L AhiD I M A G I N A R Y
P A R T S ARE A D J A C E N T IN S T O R A G E , SUCH AS FORTRAN IV P L A C E S THt
IF ALL I M A G I N A R Y P A R T S ARE ZERO ( UATA ARE DISGUISED R E A L ) , S
IFORM TO / E R O TO CUT THE RUNNING TIME BY UP TO FORTY PEKLtNT
O T H E R W I S E , T F f J R M = *• 1 . THE LENGTHS OF ALL DIMENSIONS Akc
S T O R E D IN A R R A Y NN, OF 'LENGTH NDIM. T H E Y HAY BE ANY P O S I T I V
INTEGERS, THO THE P R O G R A M RUNS F A S T E R 3N COi lPOSITb I N T c G t K S t

' E S P E C I A L L Y F A S T ON NUMBERS RICH IN F A C T O R S OF T W O . IS lGiM IS
OR -1. IF A -I T R A N S F O R M IS F O L L O W E D BY A «-l ONE (OP, A H
iiY A -1) THE O R I G I N A L D A T A R E A P P E A R , M U L T I P L I E D BY NTOI l=NN
NN(2)* . . .» . T R A N S F O R M V A L U E S A R E A L W A Y S C O M P L E X , A N D A n E R E
IN A R R A Y D A T A , R E P L A C I N G THE INPUT. IN A D D I T I O N , IF ALL
DIMENSIONS ARE NOT P O W E R S OF T W O , A R R A Y WORK MUST BE S U P P L I E
COMPLEX OF LENGTH bOUAL TO THE L A R G E S T IMON 2**K DIMENSION.
O T H E R W I S E , R E P L A C E HORK BY ZERO IN THE C A L L I N G SEQUENCE.
NORMAL F O R T R A N DATA ORDERING IS E X P E C T E D , F IRST SUBSCRIPT VA
F A S T E S T . ALL S U B S C R I P T S BEGIN AT :JNE.

!>••• • o
4

1 0 1

.O. .».
<:

o

OuC4
OCC3
O'OCo
OCJ7
OCGtf
0009
OOiO

uC13

OOlo
0017
0018
GDI*

C021

C02J
0024
cO<-5
w02b
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C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
c.
C
c
c
c
c
c
c
c
c
r
c
c
r
c
c
c
c.
c
c ;

c-

RUNNING TI^E !S MUCH SHORTER THAN THb N A I V t NTJT**2, bbING
GIVEN BY THE FOLLOWING FORMULA. DECOMPOSE NTO.T INTO
<>*#K2 * 2**K3 * 5**K5 * .... LET SUM2 = 2*K2, SUrtF = J*K3 t
«• ... AND NF = K.3 «• K5 «- .... THE TIME TAKEN BY A MULTI-
D I M E N S I O N A L T R A N S F O R M ON THESE NT or D A T A is T = TO «• N T C T * ( T
T2*SUM2«-T3*SUMF «-T4*NF ) . C iN Trib CUC 33Cu ( FLOAT ING POINT ADD
OF SIX M T C R O S E C C N O S ) , T = 3000 *• NTGT *( 500»-43*SUM2«-6a* SUMF «•
320*NF) M ICROSECONDS ON C O M P L E X D A T A . IN A D D I T I O N , Tht
A C C U R A C Y IS G P E A T L Y IMPP.OVEDi AS THE KMS R E L A T I V E ERP'J.< IS
•SOUNDED BY 3*2** ( -B) *SUMl F A C T O R l J ) **1 . 5 ) , WHERE 8 IS THE NUN
OF B I T S T(M THE FLf . 'ATIMG POINT F R A C T I O N AND f A C T O k ( J ) AK£ THc
PRIME F A C T O R S OF NTOT.

THE D I S C R E T E FOURIER T k A N S F O R M P L A C E S THREE K f c S T K ICT IONS uPO
D A T A .
1. THE NUM8ER OF INPUT D A T A AMU THE iviUMbER OF TRANSHJKfl VAL
MUST BE THE SAME.
2. BOTH THE INPUT DATA AND THE TRANSFORM VALUES MUST KEPRES
EQUISPACE'J POINTS IN THf:IP RESPECTIVE DOMAINS (jF TIME Ai>IU
FREQUENCY. CALLING THESE SPACI^GS DELTAT ANJ UELTAF , IT WUS
TRUE THAT DELTAF = 2*PI/tNN( I)*UELTAT). UF COURSE, DELTAT i\IEE
BE THE SAME FOR EVERY DIMENSION.
J. CONCEPTUALLY AT LEAST, THb IMPUT DATA AND THb TRANSFORM
REPRESENT SINGLE CYCLES OF PEKIODIC FUNCTIONS.

EXAMPLE i. THRFE-D.TMEMSIONAL FORWARD FOURIER TRANSFORM OF A
C O M P L E X A « R A Y DIMENSIONED "32 6Y 25 BY 13 IN F O R T R A N IV.
D IMENSION D A T A ( 32,^t), 13) ,hUHK( 50) ,NN(3 )
C O M P L E X D A T f i
D ^ T A NN/32 ,25 , 1 3/ ~ •
DO 1 1 = 1 , 3 2
DO 1 J = l ,2£J
DP 1 K.= l , 13
DATA! I , J,K) =COMPLLX VALUE
CALL FOU^T(DATA,N(-«,3,- 1, 1, WORK. I

OME-UIMENSIONAL
IN F O R T R A N 1 II.
UATA(2,64)

EXAMPLE 2
LENGTH 64
DIMENSION
DO 2 !=i,6
JATAl 1,1 » = :
DATA(2,I)=0.
CALL FOUPTtDAT A ,6^,1 ,-1 ,0,0)

FORWARD TRANSFORM OF A REAL ARRA

DIMENSION
Wl-1.00

D A T / ( 2) ,NMl 1) , I F A C T ! i2) ,wORM i)

0030
OC-Jl
0032
0033
0034
0035
003o
OCJ7

GC-iv
U040
004B
0049

0054
0055

OC57
OG5b
0059

OC61
0062
GGt->
0064
OC.63

0066
0067
OC66

0009
0070
OC71
0072

W S V P I = 1 . C O
T W O P T = 6 a 2 B 3 1 8
IF (NDIM- l )9< iO, 1,1

0074
0075
uO 7o
OC77
OG7d
0079
OObu
0081
oCb2
GO o.)
0064

75
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1 N T O T = 2 OCot j
00 2 I D l M = l , i N D I M OCo7
I F t N N t 1 0 I M I ) 9 2 0 , 9 2 v , 2 00t»o

2 N T n T = N T O T * N < M ( T D I M ) OG»9
C 009u
r . M A I N L O U ? F r m E A C H D I M E N S I O N oovi
C OC92

N P 1 = 2 GC93
On 910 I i . ) ! f - i = l , N O I K , 009 <t
N = N N ( I O I H > 00913

CG96

C 009o
C F A C T O R N CC99
f. . 0100
5 M=N . Oici"

I F = 1 ' 0103
I D I V = 2 Olo4

10 I i J U O T = V I / I i J I V O l C b
U£M = H-l OT V * 1 0 U C T ' OiOfa
IF ( I Q U O T - 1 0 I V ) 5 C » l l f i i • u i 0 7

1 1 I F < I R E M J 2 3 , 1 2 , 2 C O i O d
12 M T W O = ' : 4 T w i a * - N T w n ' o lo>

M = I Q U O T 0110
GO TO 1C . 0111

20 I U I V = 3 ol i2
30 I Q U O T = M / I i ) I V 0113

I R E M = M - I U I V * H : U C T o n *
IF( I Q U C n - ! D!V ) 6 C , 3 1 , 31 - 0115

31 IF( I P B M K ( S 3 2 , 4 C 0116
3 2 I F A C T I I F ) = I D I V u l i 7

I F = 1 F + 1 C 1 1 d
i 1 = T g U P T . . 0 1 1 9
GO TO 3C . 012C

4C I D ! V = ! ! ) I V < - 2 0121
GU TO 30 • 0122

50 IF< I R EM) 60, 5 1 , b C • Oi2J
51 N T W O = : N T ( f l i 0 4 - N T W O 0124

GO TO 70 OU:>
60 IFA C T ( I F ) = M 0126
C ' ' 0127
C SEPARATE FOUR CASES-- 0123
c i. COMPLEX TRANSFORM L;R »EAL TRANSFORM FOR rut ^TH, ^TH,E 0129
C D I M E N S I O N S . 0130
C 2. R E A L T ° fNSFOkM FOR THE 2ND C^ 3R3 UIMEiMSICN. METHOD — 0131
C T R A N S F O R M FALF THE D A T A , S U P P L Y I N G THE OTHER HALF BY C OiJ2
C J U G A T E S Y M M E T R Y . 0133
C 3. R E A L T R A N S F O R M FOR THE 1ST DIMENSION, ,M ODU. METHOD — 013*
C T R A N S F O R M HALF THE D A T A AT EACH S T A G E , S U P P L Y I N G THE 0 Oi3t>
C H A L F dY CCNJUGME S Y M M E T R Y . 013O
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C
C
C
C
c
c
70

71
72

73

74

80
90

95
C
C
C
C
100
110

120

125
130
140
145

150

4. R E A L T R A N S F O R M FOR frit 1ST DIMENSION, N LVEtg. MLTHOO-
TRANSFORM A COMPLEX ARRAY UF LENGTH i\/^ rtHUSE RtAL PAR
ARE THE EVEN NUMBERED R E A L VALUES AND WHOSE I M A G I N A R Y
ARE THE ODD NUMBERED RbAL VALUES. SEPARATE ANu S
THE SECCND HALF BY CONJUGATE SYMMETRY,,

NUN2=NPl*(NP2/NTUtn
I C A S E = 1
I F { I O I M - 4 ) 7 1 , y C , 9 C
IF (I FORM) 72, 72, 9C
I C A S E = 2
IF( I RIM- 1 )73 , 73, 90
I C A S E = 3
IF(NTWJ-NP1 ) 9 C , 9 C , 7 4
I C A S E = 4
N T W O = M T w O / 2
N=N/2

T = 3
00 8C J = 2 , N T O T
D A T A ( J ) = D£T A( I )
1 = 1*2
!1PNG=NP1
IF( I C A S E - 2 ) 1 0 C , S 5 , 1 0 C
I 1RNG = NPO* ( 14-NPPEV/2 )

SHUFf-LE UM THL" F A C T O P S . Of- TWO IN N. AS THt 'iriUi-FL ING
CAN RE DONE iJY SIMPLE I NTT.RCHANGR , MC BURKING A R R A Y IS NttUfc

IF(NTWO-NP1 )6CG,60D, 110
NP2HF=NP2/2
J = l
DO 150 I2=1,NP2 ,NON2
IF( J - I 2 ) 120,130, 130

DO 125 I 1 = 1 2 , I 1 M A X , 2
DO 125 I 3=1 1 , N T C T , N P Z

T £ M P R = D A T A ( 1 3 )
TtMPI = U A T A ( 13*-! )
O A T A ( 1 3 ) = O A T A < J 3 )

• D A T A ( J 3 ) =TEMPK
D A T A ( J 3 + 1 ) = T E M P I
M=NP2HF
IFU-M1150, 150,145
J = J-M
M = M/2
IF{M-MON2) 150. 140,140
J=JtM

0136
01 J9

0141
0142
Git 3
0144
u!45
u!4o
o 147
0140
0149
0150
o 15 i

C i 5 5
Oi5o
0157
C156
0159
O l f a C
O l o l
Olo2

Clo4
Oloa

0167
Oiod

0171

01 /j
Oi 74
Oi 75
J17t>
0177
0176
01/9
w 1 ti \J

uloi

0164
Jib 5
u loo
Olb7

77
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C Olbo
C MMN LOOP rUR F A C T O R S OF T w G . PERFORM FUJklcR T R A N S F O R M S OF 0169
C LENGTH FOUR, W I T H ONE OF L E N G T H r wO IF NEEDED. THE T w l D L / L E 0190
C W = fcXP( I SIGN*2*PI*SOR.T ( - l ) * M / ( 4 *MM4X) 1 . CHECK f OR h= Is IGN*SU 0191
c AND R E P E A T FOR W = I S I C ; N * S Q P T ( - I ) * C G N J U G A T E ( K I J . Ji9*
C J193

NQN2T=MON2fNON2 . 01S4
I PAR = NT*lO/!NPl . Clvl>

31C IF( I P A R - 2 ) 350, 330,320 Oi-»6
32C IPAR=IPAR/^

GO TO 310
330 DO 340 I 1=1»I1RNG,2

00 340 J3=I I.NCN2.NP1
00 340 Kl = J3,NTCT,NON2T ĵ .01
K2 = K1*-NON2 0202

T E M P I = D A T f i ( K 2 H ) '
D A T A (K2 ) = O A T A ( K l ( -TEMPR o 2 v 3
O A T A ( K 2 + l ) = U A T A ( K H - l ) - T E M P I ' 02Gt>
O A T A ( K 1 ) = O A T M Kl ) <-TEMPR ' J2u7

340 O A T A ( K H - 1 ) = O A T A ( K H - 1 I +-TEMPI 0208
350 MMAX=NON2 0209
360 I F ( M M A X - ' N P 2 H F ) 3 7 C , 6 U O , t . O O 0«LiO
370 L M A X = M A X O ( NON2T ,MMAX/2 ) 0211

IF1MMAX-NON2I 4C5,40'J, 380 ' " 0212
380 T H E T A = - T W O P I * F L r A T ( N O N 2 ) / F L n A T ( 4 * M M A X l 0^13

IF( I S I G N ) 4 C O , 3 9 C , 3 9 0 0214
390 T H E T A = - T H E T A Oilb
400 W R = C O S ( T H E T A ) . 0216

H I = S I N ( T H E T A ) 0217

0219
405 DO 570 L=NON2»LMAX fNON2T 0220

M = L- ' • 0221
IF( MMAX-NON2)42C,^20,410 , C222

410 W2R = vtR*WR-WI*W I 0223
W2I=2.*WP*WI u224
W3R=W2P.*WP-W2I*WI 022'3
W3I = W2R*WI + W2I *WR 022t>

420 00 530 I1=1,1LRNG,2 " 0227
DO 530 J 3 = t 1 , M O N 2 , N P 1 02<ia
KMIN= J 3 « - I P A R * M 0229
IF( M M A X - N G N 2 ) 4 3 C , 4 3 0 , 4 4 3 , ' 0230

4 3 0 K M I N = J 3 OI j l
440 K D I F = I P A R * M M A X 0232
450 K S T E P = 4 * K O I F o23j

00 52C K l = K M T N , N T O T f K S T E P
K2=KH-KOIF

K4=K3*-KOIF 0237
IFt MMAX-NON2)46C,46C,480
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460

470

475

500

510

520

530

540

550

P. = O A T A ( K 1 ) * - D A T A ( K 2 >
U l f - O A T A I K 1*1) « - C A T A f K 2 « - l )
U2R=DATA ( K 3 U C A T A ( K 4 )
U2I = O A T A < : < 3 + 1 ) f C A T - A <

( K l l - i ; A T A ( K 2

U4R = O A T A (K3« - ' l )
U4I = O A T A ( K 4 I - H A T A ( K 3 I
GO TC 510

GO TO 51 C
T2R = W 2 R * O A T A ( K 2 »-H?.
T 2 1 = W 2 R * D 1 T A I K 2 * 1 ) » H 2 I * - U A T A ( K 2 )
T 3 R - W R * U A T A ( K 3 )-W i *DAT A (K3* - l »
T 3 I = W R * D A T A ( K 3 * 1 ) * W I * O M A ( K 3 )

*0 AT A

Ul I=nAT 'AUL«- l )

U3P = OAT A (K D -T2R
J 3 I = f ) A T A ( \ l « - l ) - T 2 I

U4R=73I-14!

GO TO 510
U4P=TtI -T3T

D A T A (KH-1 ) =UH « - U 2 T
O A T A ( K 2 » = U 3 R « - H 4 P
O A T A ( K 2 « - 1 I = U 3 I * -L4T

O A T A I K 3 ) =U1P- IJ2R

=U3R-'14R
DATA (K4* 1) =U3i-U4I
KMIN = 4*( KM' I N- J3 ) VJ3
K U I F = K S T E P
I F ( K O I F - t \ , P 2 ) 4 5 0 f b 3 0 i 530
CONTINUE
M=MMAX-M
IFI I

W R = - W I
W ! = - T E M P R
GO TO 5oC
TEMPP.=WR

023^
0240
0241
0242
0243
0244
0^45
0246
0247
0248
0249
0230

C252

02^4

0256
0257

025^
02oO
O^Ol
0262
0203
0264

C261.
026^
0268
026V
02 7C
G*.'/l
0272
027J
0274
0275
0276

0278
0279

0262
026J
02«4

0^86
0237
0266
026V
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W I = T E M P P . 0290
560 IF( M - L M A X ) 5 6 5 f 565 i410 0291
565 TEMPR=WR 0292

WP=HR*'AlSTP(- ' .-hI * kSTP! »-HR 0/93
570 W I = W J * W S T P R * T E M F R * W S T P I « -WI - 0294

I P A R = 3 - I P A R . Q295

GO TO 360 0297
C . 0298
C MAIN LOOP FOR F A C T O R S NOT tOUAL TO TWO. APPLY THE T W I D D L E f- 0^99
C V)=EXP( lSIGN>2*PI*bQRT(- l»* l J2- 1 » * I Ji- J2 ) / ( N H 2 * t F P l l ) , T.M.H C300
C PERFORM A FOURIER T R A N S F O R M OF LENGTH I F A C T U F ) , MAKING USE 0301
C CONJUGATE S Y M M E T R I E S . 0302
C C3u3
600 I F ( N T W O - N P 2 > 6 0 5 , 7 C O , 700 03C<t
605 IFP1=NON2 ' 0303

IF=1 0306
NPlHF=NPl/2 0307

610 I F P 2 = I F P 1 / I F A C T ( I F ) 0306
J1RNG=NP2 . 0309
IF( ICASE-3)612 ,6 i l , 6 l2 0310

611 J 1 R N G = ( M P 2 * I F P I 1/2 0311
J 2 S T P = M P 2 / I F A C T ( IF) 0312
J1RG2=( J 2 S T P t I F P 2 ) / 2 0313

612 J2MIN=l f IFP2 . Oil'*
I F ( T F P l - N D 2 ) 6 1 5 , 6 ^ 0 f 6*0 3315

615 DO 633 J2=J2MIN, IFP1 , IFP2 0316
T H f r _ T A = - T W O P I * F L C A T ( J 2 - l J / F L O A T ( M P 2 ) 0317
IF( I S I G N ) 6 2 5 , 6 2 C , 6 2 0 0318

620 T H E T A = - T H £ T A 03i9
625 S INTH=SIN( T H E T A / 2 . ) C320

W S T P R = - 2 o * S INTH*S1NTH 0321
W S T P I = S ! N ( T H E T A | 0^22
W R = W S T P R * - 1 . 0323
WI = W S T P I ' 03*:*
J1MIN=J2 « - T F P l - 0325
00 635 J 1 = J 1MIN , J1RNG, IFP1 G326
I1MAX=J1 H 1RNG-2 ' 0327
ijn 630 I 1= J 1, I IMAx, 2 0328
DO 63C I 3 = I l f N T C T t N P 2 0329
J 3 M A X = T 3 * I F P 2 - N P 1 Oi.30
DO 630 J 3=! 3f J3Mf iX,NPl . 0331
T E M P R = D A T A ( J3 ) 0332
D A T A ( J 3 ) = n A T A ( J 3 » * W R - D A T M J 3 « - l ) * K l 0333

630 D A T A ! J3* 1 ) = T E i ' ' ! P R * W I * - O A T A ( Jj*-l ) * W R 033*
Tf:MPR = WR C335
w R = W R * w S T P R - V * I * k S T P I fWR ' 0336

635 W I = T E M P R * w S T F ; I «• U I*WS TPR *-W I 033/
640 T H £ T A = -TW:1F I /FLCAT( [ F A C T ( IF N 0338

IF( IS IGM65Ci6*5 ,6*5 0339
645 T H £ T A = - T H E T A 0340
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650

655

660

665

670

675

6tiO

685

SINTH=SIN( T H E T A / 2 . )
W S T P R = -2 .*SIK :TH*SIMTH
W S T P I = S I N ( T H E T A )
K S T E P = 2 * N / I F A C T < IF)
K R A N G = K S T F _ P * ( I F A C T U F I / 2 ) * 1
00 693 I 1=1 ,I1RNG,2
DO 698 13=1 1 , N T C T , N P 2
DO 690 KMIN=l , K R A > \ i G , K S T b ~ P
J lMAX=I3+JlPAiG-IFPl
013 t>30 J l = t 3 , J 1 M A X . I F P I
J3MAX=JH- IFP2-NF1
DO 680 J3=J1, J 3 f A X , N P l
J 2 M A X = J3M FP1- IFP2
K = KMINMJ3-J1M J1-I3) / IF AC T( IF ) ) /NP lhF
IF (KMIN-U655 ,£55 , ,b65
SUMR=0.
SUM 1=0.
00 660 J 2 = J 3 , J 2 M A X , I F P 2

SUMm-DAT£ ( J2)
= S U M I « - O A T A ( J2+-1I

WORK (K.) = SUMR
WOKK (Kf l )=SUMI
GO T1? 680
K C Q N J = K f 2 * ( N - K M I N * l )
J2=J2MAX
SUMR=DAT A ( J 2 )
S U M I = O A T A ( J2+1)
OLOSR=0.
OIDSI=0.
J2=J2- IFP2
TtNlPR=SUMP
TEMPI=SUMI
S U M R = T W O W R * S U K R - O L U S P - * - D A T A( J2 )
SUM I = TWO W«* SUM I -OLOS 1*0 AT At
OLDSR=TEMPR

J2=J2- IFP?
IF( J2-J3) 675 ,675 ,670
T E M P R = W P * S U M F - O L D S R f O A T A ( J 2 )
TEMPI=V» I *SUMI
W O R K ( K ) = T E M P F . - T E M P I

= W R * S U M ! - O L D S I « - O A T A ( J 2 v l l

W O R K ( K C O N J < - l ) = T E M P f < - T E M P I
CONTINUE
IF (KMIN-L )685 , 685,086
W R = W S T P R < - 1 .
W I = W S T P I
GO TO 690

0344

0349
u35C

0352
C35 j

C 030

0357

-Jfai

0363
0364
03C.5

03£>/
0366

037 i
0372
03/3
0374
037D
03/6
037 /
03/8
0379
OjeO
0381

0363
0384
0365
03o6
0307
03bb
0369
0390
0391
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686 TEMPR = W 0392
H R = W P * W S T P R - K I * k S T P I f W R 0393
dI = T E M P R * w S T P H - U I * W S r P R « - W l 0394

690 T w O t o P = H P « - w « 0391)
IF( I C A S f c - S l b ^ f 6 S l t 6 9 2 039o

69L IF(IFP1-NP2)6S5,6S2,692 0397
692 K=l 039d

12MAX=!3« -NP2-NP1 0399
DO 693 I 2=13, I 2 M A X , N P 1 0400
O A T A ( 12 I =*!OOK( K I 0401
O A T A U 2 « - 1 ) = W J 3 K ( K « - 1 ) 0402

693 K.= K*2 u403
GO T^ 698 0404

C 0405
C COMPLETt H P . C A L T K A N S F O R M IN THt 1ST JIMENiSIJN, N ODD, bY CG 0406
C JUGATc S Y M M E T R I E S AT EACH STAGE. 0407
C ' 040a
695 J 3 M A X = t 3 + I F P 2 - N P 1 0409

00 697 J3=I3, J 3 N ! A X , N P 1 0410
J2MAX=J3 + ̂ l P2-J2Sr f ) 0411
DO bVf J 2 = J 3 , J 2 M A X . J 2 S T P 0412
J1MAX=J2*J IRG?- IFP2 0413
J1CNJ = J 3 « - J 2 M A X * J 2 S T P - J 2 0414
00 697 J 1 = J 2 , J 1 V A X , I F P 2 04ii
K=l-t-Jl- I3 0410
O A T A ( J l ) = W Q R K ( K ) 0417
O A T A ( J H - 1 ) - W C ' R K (K t l ) 041fl
IF( J1-J2)697,6<;7,696 0419

696 D A T A ( J 1 C N J ) = W O R K ( K ) 0420
OATA(J1CNJ+1)= -^C«K{K+1) 0421

697 J1C!\IJ= J1CNJ- IFP2 " 0^22
698 CONTINUE 0423

IF=IF*1 0424
IFP1=IFP2 0425
IF( I F P 1 - M P 1 ) 7 C C , 7 C O , 6 1 0 0426

C 0427
C C O M P L E T E A PE/'L T R A N S F O R M IN THE 1ST L/lMEiVSIJi\, N EVEN, BY C 042d
C JUGATE SYN MET PIES.. 0429
C . ' 0430
700 GO TP ( 9 0 C , 8 G C t 9 C O , 7 0 1 ) , I C A S E 043i
701 NHALF=N 0432

N=N+N 0433
T H E T A = - T W Q P I / F L C A T ( N ) 0434
I R I S I G N > 7 0 3 , 7 C 2 , 7 0 2 • 043b

702 T H F T A = - T H E T A 0436
703 S I N T H = S I N ( T H E T f i / 2 . ) . 0437

W S T P R = - 2 . * S I N T H * S I N T H 043ti
W S T P I = S I N ( T H F T A ) 04->V
W K = W S T P R + l . . G440
W I = W S T P I • 0441
IMIN=3 0442
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710

720

72!>
730
731
735

750

755

760

765

770

775

780

JMIN=2*NHALF-1
GO TO 725
J=JMIN
00 720 1= IMIN ,NTCT,MP2
S U M R = O A T A l I ) * C A T A U ) ) / 2 o
S U M I = ( O A T A ( I * l ) * D A T A ( J * l ) ) / 2 .
O I F R = ( D A T A ( I ) - O A T A ( J ) 1 / 2 .
O I F I = ( O A T A < I * 1 ) - O A T A < J * l )
TEMPR=WR*SI IMI *,VsI*OIFR

O A T A C I > = SUMP*TEMPP.
L)ATA( in )=DIFI «-TEMPT
DATA( J»=SUMR-TE^PP
DATA( J*l )=-DIFItTEMPI
J=J4-NP2

JMIN=JMIN-2
TEMPR=WP
WP.= W R * W S T P R - W I * V . S T P I

IMIN-JMIN) 7 lC t /30
I S I G N ) 7 3 1 f 7 4 C , / ' V O

DO 735 I= IMIN,NTOT,N02
J A T A d H ) = - H A T A ( H-l)
NP2=NP2*NP2

J = NT(JT>1
I M A X = N T O T / 2 * 1
IMIN=1MAX-2*NHALF
I = I M I N
GO TO 755
D A T A ( J ) = D A T A ( 1 »
D A T A J Jf 1 )= -L )AT A (1*1)

1=1*2
J=J-2

I - I M A X ) 7 5 0 , 7 b C , 7 6 0
) = O A T A I I M I N ) - U A T A ( I M I N « - 1 )

O A T A J J f l )=C.
IFI I-J) 770 f 78C, 780
O A T A l J > = L ) A T A ( I )
D A T A ( J * 1 ) = D A T A ( 1*1)
1=1-2
J = J-2
IF( I-IMIN) 7 7 5 , 7 7 5 , 7 6 5

O A T A ( J* l )=0.
I M A X = I M I N
GC TO 7^5
U A T A ( U = O A T A ( i ) * D A T A ( 2 )
D A T A ( 2 ) = 0 .
GO TO 900

C45G

0454
J435
0456

0458
0459

0401

0463
04t>4
04O3

0466
04o7
0466
C469

0471
04 /Z
L 4 / 3
0474
0 4 / 5
04/6
0 4 / 7
04/d
04/<i

04d j
-..Otbt

C466
04o/
0406
0469
04VQ
0491
0*92
0493
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C , 0494
C CCMPLETF. A RE*L T R A N S F O R M FOR THE 2ND OR 3RD DIMENSION BY 0495
C CONJUGATE SYMMETP1ES. ' 0496
C .0497
800 lf( I1P.NG-NP1)8C5,900,9GO G49B
805 00 860 I3=1,NTCT,( \P2 . 0*99

I2MAX=13*NP2-NP1 0500
00 860 12=13, I2MAX,NPi 0501
IMIN«I2MIPNG .
!MAX=I2 fNPl -2
JMAXs2* I3«-NPl - IMlN 05C4
IF( 12-13)320,82C,81C 0505

810 J M A X = J M A X * N P 2 05C6
820 IF( ID IM-2 )850 ,E5C ,830 0507
830 J=JMAX*NPO C5uo

00 840 I = I M I N , I M A X , 2 0509
UATAd ) = O A T A ( J» 051C
O A T A ( I * 1 ) = - D A T A ( J * l ) Obll

840 J=J-2 05U
850 J=JMAX C513

00 860 I = IMIN, IKAX ,NPO Ot.1V
O A T A C U = O A T A ( J> 0513
D A T A U + 1 )=-DATA(.m) 05io

860 J=J-NPO 05i7
C 0518
C END OF LOOP GN' EACH UIMF.NSION 05 19
C 0520
900 NPO=NPl 0521

NP1=NP2 05^2
910 NPREV=N 05-iJ
920 RETURN 05/i4

END 0525
O V E R L A Y ( P A T S , 1 ,C)
PROGRAM P.PAOIM

. C O M M O N / B L K 1 / S T A P T T , I T F M T , N 8 L K , I P O w 2 t N C H , N P R I N T , I PLOT A, IPLUTC.OFFSC
1AL, D E L T A T , S N , N R S K I P f L A P , N C R O S S , I C R O S S ( ^ , 2 0 ) , N C H P , Y L A B E L ( 2 ) , I W I N D O W
1,F1 ,F2 , ITYPESP,^CON,N( 1 SKIP , IFF ,LAG1 ,LAG2

C O M M O N / B L K 2 / I C H ( 1 4 ) , C H S L ' M ( 14) , MOFF < 14 ) , CHSUMSQ{ 14) , S IGMA (14) ,P.MS(1
14) ,V IEAN( 14) , S C A L F A C ( 1 ' » ) , ChSUMU 14 ) , T RACK I It) , 1CHANU4) , 1FILTERI 14)

C O M M O N / B L K 3 / N P T ,TMAA , NPTC2 , NSPCT ,OEL(- ,N64,NPTC128
1 , IN iERO,NRhAO,NPTOT

C O M M O M / 8 L K 4 / N M A X , N C H M A X , N B C M A X
COMMON/BLK5 /PCTC,NBUS,OMAX( 14 ) , OMIN ( 14 I , UBI N ( 14) , B INS ( 100 , 14 I

l .CHISOC
C O M M O N / B L K 8 / T A U T Q S P ( 1 4 1 i I A U T O C O ( 1 4 ) , I C R S P ( 2 0 1 , I C R C U R ( 2 0 ) , I T R A ( Z O ) ,

1 ICOHC20)
C O M M O N / B L K 9 / N F I L T P , F H E Q F ( 5 0 ) , W G H T F ( 5 0 )
N A M E L I S T / I N P U T / I T F M T , N F S K I P , N R S K I P , S N , U E L T A T , S T A R T T , O F F S C A L , N C H ,

1 S C A L F A C , NPTOT.NPEAD, I A U T O S P , I A U T O C G . N C k O S S , I Cl'<0 SS, I C R S P i 1C RC Oh ,
2 I T R A , I C O H , L A P , I KIND? W, ITYPtSP .NPRINT , IPLUTA, I PLOTC , F 1 , F<i ,L AG1,
3 . , P C T C ( M B I N S , D H A X , U M I N , INitRU,i\lFILTP, FREUF,wGHTF, IF ILT tK
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c
C
C

50C2

5 C D 1
5C03

500^

D A T A N F I L T P , F P E G F , W G H T F , I F I L T t R / 0 ,100*0.
D A T A I A U T O S P , I A L T O C O , I C R S P , I C K C U k , I T f c A , I C O H / 1 0 6 * 0 7
D A T A I F F , L A G 1 . L A G 2 / 1 , 0 , 0 7
D A T A NFS K I P / 0 /
D A T A I T F M T , S T A R T T , I C H , N R S K I P , S C A L F A C , O F F S C A L , L A P , N C R O S S , 1CRUSS,

1NPRINT, I P L C T 4 , I P L O T C , I WIN D O * , F 1 , F 2 , I T Y P E S P 7
22,0. ,15*0, 14*1., l.E«-6, 42*0, 100, l,C,i, ̂ . , 2 0000., 2 /

D A T A !D ,CHAN/2HID,4 r i rHAM/
D A T A . P C T C / 9 0 . /
D A T A INZ tPO,Nd INS,OMAX,D,K IN /2*0 ,2b*0 . /

READ AND PRINT NAI^ELIST INPUT

KEAD INPUT
ir(£OF,5) 1,2

1 STOP

READ AND PRINT FORMATTED CARD INPUT

2 PRINT INPUT
R E A D 5002, Y L A t J E L
READ 5002, ( T T < A CK I I ) , I = 1, NC H)
F O P M A T ( 3 / H C »
PRINT 5001, YL A b E L
PRINT 5 0 0 3 , ( I , T R A C K ( I ) , I = 1 , N C H )
F O R M A T ! / / * C A S E ID*5X1H*2A10, 1H*)
F O R M A T ( / / * CHANNEL ID*73X*NU.* / ( I 5 ,

5004
) J

CHECK INPUT 0 6 T A , PRINT ERROR M e S S A G h S

N P T = N R E A D
" /NPT

Gfi TO 1 c 1IF(NCH.LE.NCHi- !AX
PRI,MT 103, NCH?1AX
STOP 103

103 F O R M A T ( / / / * ^r.H GT'^13
1 T E R M I N A T E D * !

101 CONTINUE
I F ( N F S K I P ) 310,210,311

311 00 312 IFSK IP=1 ,Nf-'S*.IP
313 ? < E A D ( 1 ) S K I P R F C

IF ( tOF , l ) 312 ,313
312 CONTINUE S PRINT 904, NFSKIP
904 FGRMAT(//6H * * *,!5,20H FILES SKIPPED * * *)
310 1F( ITYPESP'.LT.3) 00 T fj 9C

NCPOSS=0
DO 91 1= l.NCH
IF(.JAUTOCn( II.GT.O) IAUTncO(I)=0

91 CONTINUE

PROGRAM W I L L NiJT R E A D T A P E C O R R E C T L Y . JOb
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PRINT 92
92 " F O R M A T ! / / * AMPLITUDE S P E C T R U M O P T I O N CHOSEN* / * ONLY A U T O SPECTRUM

1WILL BE CALCU l A T E C * )
90 CONTINUE

I C O R R = 0
DO 116 1=1,NCH
IF( I A U T O C O ( I ) . E C . O ) GO 10 116
ICORR=1
IF(IAUTQSPIII.EC.O) IAUTOSPII)=-!

116 CONTINUE
I F ( N C R O S S ) 118,116,108.

108 UO 110 I = 1 , N C R O S S
J l = t C P 3 S S ( l , I I $ J 2 = I C R O S S ( 2 , I )
I F ( I A U T O S P ! J 1 I . E Q . O ) I A U T O S P ( J l ) = - l
IF ( I A U T O S P ( J 2 1 . E O . O ) I A U T O S P ( J 2 ) = - 1
IF( ICRCDRd l .NE.O) GO TO 117
IFUTRA l I I .NE.C) GO TO 211
IF(ICOH(I l .NE.O) GO TO 211
GO TO 110

117 I C O R P = 1
211 IF( ICRSPU ) .EQ.C) ICRSP(II=-l
110 CONTINUE
118 IF! ICQRft .eo.l.AND.INZERQ.EU.O) PRINT 907
907 FORMAT(//1C7H * * * YOU MAY HAVE CIRCULAR ERROR IN YUUR CORRELATIO

INS BECAUSE YOU HAVE NOT ASKED FUR ZERO INSERTION * * *)
IK IMZERO.EQ.O) G O T O 109
NPT=2*NPT
PRINT 901, NPT

901 FORMAT!//* ZERO INSERTION INCLUDED•FOR ALL CHANNELS. BLOCK SIZE IS
1*171

109 DO 35 IK=1,NCH
NOFF(!K)=0
CHSUMlIK)=CHSUMSQ(JK)=0.
CHSUM1(IK)=0.

35 CONTINUE
IPOW2=0 t NTEMP=NPT

203 IF(NTEMP-l) 200,200,202
202 IPOW2=IPOH2«-1 $ NTEMP = NTEMP/2 $ GO TO ^03
200 IF(2**IPOW2.NE.NPT) GU TO 201

PRINT 207
207 FORMAT(//* BLOCK SIZE IS A PUWER OF Tn'O. FAST FOURIER IRANSFORM WI

ILL 3E USED*(
IF(NPT.LE.NMAXI GO TO 203
PRINT 206 $ STOP 207

201 PRINT 204
20<V F O P M A T ( / / * BLOCK S I Z E NOT A POWER OF T W O . S L O W FOURIER TRANSFORM w

1ILL BE USED*)
I F ( N P T . L E . N M A X ) GO TO 2C5

.PRINT 206
206 F O R M A T ! / / * BLOCK S IZE TOO LARGE FOR DIMENSIONS PROVIDED. JOB TcRMI

1NATED*)
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STOP 20b
205 CONTINUE

NPT02=NPT/2.
NSPCT = NPtm =NPTC2 i IF (NPRINT.GT .NPT02) NPRI rtT =NPT02
T M A X = N P T # n t L T A T
O E L F = 1 . / T M A X
NPT0128=NPT/128
IF( I N Z E K O . E U . O . C R . L A P . E Q . C ) GO TO ill
PRINT 902
LAP=0

9J2 F O R M A T ! / / * N ' . ' . S O PERCENT O V E R L A P ON ^ E R O INSERTION RUNS*/* INPUT
10ATA A L T E R E D , L A P = 0 * )

111 CONTINUE
I F ( L A P . N E . O )

DO ao 1 = 1 , NCH
IF( IA I ITQSP( I) ) a i ,aO,61

81 NCH? = NCHP»-1
ICHAN(.MCHn 1 = 1

bO CONTINUE
IF(NCHP) 32,«2.,S3

82 PRINT .84
84 FORMAT!//* INPUT IiMUICATfcS NO CHANNELS TO oE PROCESSED, CASE ENDED

1*)
STOP 101

83 CONTINUE
IF(i\iCHP*NtU.K. t. E . N 8 C K A X ) GO TO 3C6
PRINT 3G7 , NCKP ,NflU,NBCMAX

307 F O R M A T ! / / * NO. OF CHANNELS TO BE P R O C E S S E D ( N C H P J =*!!>/* NO. OF SL
10CKS ( N R L K I = * I 5 / / 3 3 H NCHP * MBLK G R E A T E R Th-AiN N D C M A X = , I !>/ /* E X f c C U
2T ION fcNDEU. CHANGE D I M E N S I O N S TO FIT YOUR C A S E AND RERUN*)

STOP 07
306 CONTINUE

C
C COMPUTE A C C U R A C Y M E A S U R E M E N T OF S P E C T R A L E S T I M A T O R S
r •

I F ( L A p . E Q , 0 ) NOCF = 2*Nf iLK i I f : (LAP.NE. j ) NDuF= 1. 6364* ( NBLK-1 )
CALL C S Q ( ( 10G. *PCTC) /? . ,NDOF,BU,nL , ICOUE»
BL=1CO. /BL t BU = 1CO. /OU
PRINT 903, P C T C , m . , H U

903 F O R M A T ( / / / 5 8 H * * * A C C U R A C Y M E A S U R E M E N T OF S P E C T R A L E S T I M A T O R S
i* * * / / * A S S U M I N G N D F . M A L I T Y OF D A T A , USER CAN bE*F&.0,* CERTAIN* /
2/* T H S T THE S P E C T R A L E S T I M A T E IS W I T H I N THE BOUNDS OF * / /F5.0* PE
3RCENT A N D * r b . O , * P E R C E N T OF THF TRUE SMOOTHED S P E C T R U M * )

C
C COMPUTE C R I T I C A L V A L U E OF CHISOUAKE FOR N O R M A L I T Y T E S T
C

IF INBINS.GT.1CO) NRINS=106
IF(NRINS.F.U.O) GO TO 113
DO 112 1=1 ,MCHP
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K = I C H A N ( I >
O B I M I ! )= COM A X ( K ) - i ) M ' T N ( K > ) / N B I N S
LID 112 J = 1 , N B T N S

112 B I N S ( J, I )=0 .
, N B I N S M 3 = N ' H N S - 3
C A L L C S Q ( P C T C , N B I N S M 3 , B L , B U , I C U O E )

113 CONTINUE
IF(NFILTP0L(J.O) GO TO 114
IF(Nf (LTP.LF.5C) GO TO 115
PRINT 905

905 FORMATI///55H * * * INPUT ERROR, NF-ILTP GT 50. EXECUTION ENDED * *
I *»
STOP 06

115 PRINT 90b
906 FORMAT( //126H * * * SPECTRAL FILTERING OPTION SELECTED. CORRELATIO

INS WILL BE CALCULATED FROM FILTERED SPECTRA FOR CHANNELS SPECIFIED
2. * * *)

114 C O N T I N U E
C
C COMPUTE O A T A WINDOW C O R R E C T I O N F A C T O R FOR S P f c C T R A
C

C A P T = f i R E A ! J # O E L T A T $ IWINUP 1= IWlNDOirf + 1
GO TO ( 3CO,301f 3C2.303) t l H l N O P l

300 WCON=CAPT $ GO TO 304
301 W C O N = C A P T * . 3 7 i $ GO TO 3C 4

• 302 W C O N = C A P T * . 713672702^ t GO TO 30t
303 rtCON = C A P T * . 2 . 6 S 6 4 2 8 5 7 1
304 CONTINUE

C '
'C C O R R E C T PLOT L IMITS
C

IF (F1 .LT .O»» F1=C.
FMAX=NPT02*OELF
I F ( F 2 . G T o F M A X I F 2 = F M A X
IF(L^Cl.LT.-NSPCT-) LAGl=- fJSPCT

, I F ( L A G 2 . G F . N S P C T ) L«G2=NSPCT-1
IF (LAG2 .GE.LAG1. ) GO TO 3C5
L1=LAG2 t L A G 2 = L A G 1 i LAG1=L1

305 CONTINUE
RETURN
END
SUBROUTINE CS 0 ( P ,N ,BL , BU , ICOOE )
E X T E R N A L FUNC
COMMON/ °ROi3F/ A, t
A=N/2.
0=P/100.

C FIND UPPER BOUND
CALL IT i<2 (CHISQt .C01 , iOOCe ,U ,FUNd 1. E- 6 , 1. E-6 , IGO.ICODc )
IF(IC.ni)E-3) 1,1,2
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GO TO 3
1 BU=N/CHISO
3 y=l . -Q

FIND L O W E R BOtINC
CALL ITP.2(CHISO, .C01 ,1000. ,1. ,FUNC,l.E-6, 1. £-6 , ICG , ICGUc )
I F C I C O D E - 3 ) 4 , 4 , 5

5 8L=0.
GO TO 6 • - .

4 8L=N/CHI SO
6 RETURN

END .
FUNCTION FUNC(CHISQ)
C O M M O N / P R O B F / A , C
DIMENSION H60( 15)
D A T A H6C/-.01 1.8 ,-.0067, -. 0033 ,-.0010, .GCC i, 2 *.GGC6, .00*2 , - .OC03,

1-. 0006, -. O O C 5 , .COG2, .0017, .0043, .0062/ . .
IFU-15) 1,1,2 . .. . • .

1 X = C H l S Q / 2 . • - . ' .
FUNC=0~GAKMF< A , X ) / G £ M M f I A,0. )
GO .TO "3 . .

2 X=( (CHISU/ (2.* A ) ) * *< I./ 3. )-( l .- l .V(S».*A ) ) I / S Q R T ( l . / ( ->.*A I )
IX=X/ .5 $ ! F( !X* .5 .GT.X ) I X = I X-l . i I X = I X + 8 3. I F ( I X ) o , t> , i

r iFdx-151 a, a, 6
8 IK IX. L T.I) GO TO 6 . .

X R E M = X - ( IX -B) * .5
IHXREM) 4,9,10

9 H N U = ( 3 0 . / A ) * H 6 0 ( I X (
GO TO 11 .

10 H N U = ( 3 0 , / A ) * ( H 6 C ( I X ) * - X R E M * ( H 6 0 ( U«- l» -HoO( IXM/ . i»
GO Tn 11 ' . ;

6'HNU=0.
1.1 CONTINUE

A X = A B S ( X )
X 2 = A X * A X $ X 3 = A X * X 2 $ X 4 = £ X * X 3
PMINUSl = -.5*( L. +. 196a54*AXt. 11519 4*X^«-. 00 0344*X3«-.019527*X'+J**(— 4.

1) .
IF{ X) 4, 5,5

4 FUNC=Q-( l.tPMINLSl)
GO TO 3

5 FUNC = Q«-PMINUS1
3 RETURN

END
O V E R L A Y ( P A T S , 2 » G )
PROGRAM BLOCKS
COMMON C M A I N ( 1» -
C C M M O M / B L K l / S T A R T T , I T F M T , N b L K , I POW2 , NCH , NPR1 NT , IPLOTA, IPLOTc ,UHFSC

!AL,DELTAT,SN,NRSKIP,LAP,NtROSS, 1C ROSS (2 ,20) , NCHP , Y LABEL ( 2 ) , IWIuUON
1 , F 1 , F 2 , I T Y P E S P , V > C C N , N F S K I P , I F F , L A G 1 , L A G 2 •• .- •

COMMON/ BLK2/ 1 CH( 14) ,CHSUM( 14),N:JF,F< 14) ,CHSUMS(J( 14) , SI Gil A ( 14) ,RMS ( i
1 4 ) , M E A N ( 14) , S C A L F A C ( 14) ,CHSUM1 ( 14 ) , T K A C K { 14 ) , ICHAN( 14)
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C , O M M Q N / B L K 3 / N P T , T M A X , i N P T G 2 , N S P C T , U E L f -
1 , I N Z 6 R O , N R E A D

Ct )MMON/BLKD/PCTC,N3 IMS, O M A X ( 14) , L>i"IIN< 14 ) , DB I N ( 14) , B INS( loO, 14 J
l.CHISUC

C O M M O N / B L K 6 / I S A V E 6 4 , IH I , IX PLOT, I 0 ATA , II , I S P c C T
C O M M O N / B L K 7 / I I ( 1 1 )
C O M M O N / 8 L K 8 / I A U T O S P < 14 », lAUTOCQl 14) , 1C* S P UG) , I C R C O R ( 2 G > ,!

HCOH(20)
00 1 NH=1,NBLK
CALL P.CA'DTPE (NB ,CMA i f - : ( i D A T A ) , C M A I N I I S A V E O - + ) )
CALL T R A N ( N B , C M A I N ( U I , C M A I N I i S A v t o ^ i , C M A I N ( I S P E C T I )

i CONTINUE
RETURN
END
SUBROUTINE R E A D T P E ( N B , D A T A , S A V E O ^ I
DIMENSION O A T A ( U ,SAve6* ( I I
C O M M O N / B L K l / S T A R T T , I T F . M T , N B L K , I ( - O n 2 , N C H , : > l P R I i N T , I PLUT A, 1 PLUTC, OFFSC

1 A L , D E L T A T , S N , N R £ K I P , L A P , N C R O S S , I C R O S S ( 2 , 2 0 ) , N C H P , ¥ L A b t L ( 2 ) , I W I N D O W
l » F l t F 2 f I T Y P E S P , ^ C O N , N F S K I P , I F e , L A G l , L A G 2

COMMON/BLK2/ ICH(14) ,CHSUM( 14 ) ,N > F F ( l<t ) , CHSUhSQ ( 1^) , SIGMA (1^1 , R M S ( 1
l^) f MEAN( 1*) , S C A L F A C ( U) ,CHSUM 1 ( I't), T R A C K ( !<*) , I CH AN I 1M

COMMON/BLK 3 /NPT ,TMAX , N P T a 2 , N S P C T , O E L F , N 6 ^ , N P T C 1 . 2 B
I t I N Z E S O f N P E A O

C O M M O N / B L K 7 / N N , I W U , K C H , N F R , I I , K K , N I , J J , I K E C , N R E C , I L O C
IF< ITFMT.E0.3 ) GO TD ^000
IF(NB-1I L2 f12,l l

12 GO TO (3001 ,301C) , ITFMT
; A O T R A N FORMAT P A R A M E T E R S SET UP
3001 IF INRSKIP ) 105,105,106

106 00 107 I=1 ,NRSKIP
107 R E A O ( l )
105 CONTINUE

IF(NCH.GT.10I GC T03002
KCH=20
MFR=25
GO TC 3003

3002 1F(NCH.GT.20) GC TO 3004
KCH=30
NFR=17
GO TO 3003

3004 IF(NCH.GT.30I GO TO 3005
KCH=VO
NFR=12
GO TO 3003

3005 IF1NCH.GT.4CI GC TO 3006
KCH=50
NFR=10
GO TO 3003

3006 IF(NCH.GT.10G» GO TO 3C07
KCH=UO
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GO TO 3003
3007 PRINT 300rt
3003 FDF.MAK//* NCH GT 100 NOT A L L O W E D * )

STOP 02
3003 I H O = 9

NN=KCH*NFP
GU TO 3011

C A Q T R A N I N T E R F A C E FORMAT 10 RECORD
3010 R E A D ( l ) Kt. V,NN , I wO,KCh,NFR , ID'i, ID2, TSN

P E A D ( l )
R t A D ( l )
I F ( T S N . t Q . S N ) GO T0 3011
P R I N T 3012

3012 F O P M A T l / / * T A P E Ni^T P O S I T I O N E D AT ID RECOKO FOR DESlKEu SN*J
STOP 3012

3011 I F ( N K S K I P ) 3 0 G ^ » 3 C C 9 f l C 8
108 DO 109 I=1 ,NKSKIP
1C9 R E A U ( 1 )

C
C FIND S T A R T I NO T I M E ON T A P E
C

3009 CONTINUE
G O T O ( 3 0 1 3 , 3 0 1 4 ) , I T F M T

3013 R E A D ( l ) ( I )ATM I ) t I=1,NNI
I F < t OF , 1 ) 3 , 2

2 I M S N . E u . O A T A ( 2 l ) .G^ TO 3013
PRINT 3016

3016 F O P M A T l / / * T A P E NCT P O S I T I O N E D AT D t S l K E U SN*)
S T O P 0<t

3014 R E A D ( l ) KFY.NN, ( C A T A ( I> ,1 = 1,NN)
I ' F J E O h f l J 3 ,3C15

3015 DO 1 J=l ,NFR
11= ( J-l ) *KCHf ] W0«- l
JJ=J
I F U J A T A I I T ) -ST Aim ) l ,4,<»

1 CONTINUE
00 TO 3009

3 PRINT 900, S T A R T T
900 F O R M A T ! / / * S T A R T I N G T IME*f: 12.5, * NOT HOUND ON T A P t * l

S T O P
4 KK=0

Nl = JJ
C
C S T A R T R E A O I N G n«TA TO BE P R O C E S S E D
C

GO TO 13
11 N1=JJ*1 $ KK=C

IF (N l .GT .MFR) GO TO 15
B A C K S P A C E 1
GO TO 16

15 Nl=l t I 1 = 1WUt1
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16 IF< ITFMT.F.g.1) frE/>0<l) ( U d T A < II, 1=1, NN)'
IF( I T F M T . f c Q . 2 ) RE40< 1) KE Y , NN, ( J A T A < I ) , I = 1 , NN)
IF(EOF,1I 3003,3066

3066 CONTINUE
I F ( L A P ) 13,13,3062

206 UUC = I1-1
IREC=IREC1-1
GO TO 14 .

13 IREC=0 -
14 ILOC=C
10 CONTINUE

DO 5 J=N1,NFR

IF(KK-NREAD) 6 ,6 ,7 .
6 ILOC=ILOO1

IJ=( ILQC-1)*NCHP
00 30 IKK=1,NCHP
I K = I C H A N ( T K K )
X = O A T A ( I I«- IK> * S C A L F A C ( IK)
I F ( A B S ( X l - O F F S C A L ) 33 ,34,34

33 CHSUM( IK I=CHSUM ( IKI + X
S A V E 6 4 1 I J« - IKK) = X
GO TO 30 .

34 S A V E 6 4 ( I J t lKK » = CHSUM( I K ) / (KK-H- (N8- l ) *NRtAD(
CHSUM( IK >=CHSUM( IK)* ( KK*( NB-1 )*NR EAO) / ( < KK*- ( NB- 1 )*NRE AD) «•!. )
NOFF < IK)=NOFK IK)H

30 CONTINUE
IFULOC-64) 31,22,32

32 ILOC = 0 $ IREC = IREC«-1
CALL W R I T M S ( 9 , S A V h 6 4 , M 6 4 , IREC)

31 CONTINUE '
JJ=J
IT = I I * -KCH

5 CONTINUE
IF(KK-NPT) 8 ,7 ,7

8 CONTINUE
IF( 1TFMT.E0.1* R E A U ( l ) < U ATA ( I ) , I =1 ,NN )
IF( ITFMT.E0.2 ) P E A O ( l ) Kfc Y , NN , (U ATA < I ) , I = 1 , NN )
IF (EOF. l ) 3063,3064 . .

3063 PRINT 3065
STOP 3065

3065. FORMAT ( / / * END GF FILE ENCOUNTERED BEFORE NPTOT POINTS R E A D , fcXECU
1TION ENDED*)

3064 CONTINUE
Nl=l
II=IWD+1
GO TO 10

C
C ONE BLOCK REA[;, READY TO Bk PROCESSED BY FFT
C

7 CONTINUE
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c
c
c

I F ( I LOC.EQ.O) RETURN
IREC=IREC«-1
CALL W R I T M S < 9 , S A V E 6 4 , I L Q C * N C H P , I R E C )
RETURN

RECIN FORMAT

4000 NREC=NRE AO/64 $ NCHP2 = NCHf2 $ 11=1
1=0
IFCNB-1.) 4 G 0 1 , 4 C C l , 3 0 2 9

4001 I F f N K S K I P . E Q . O ) GO TO 3050
DO 3031 IRSKIP=1 ,N°SKIP

3051 C A L L REC IN ( 1,2, NN , D A T A , l,NCHP<i, 1)
PRINT 3057, N P S K l P

3052 F O R M A T ( / / I 10,* R E C O R D S S K I P P E D * )
3050 CONTINUE

CALL RECIN(1,2,NN,L>ATA,1,\'CHP2,1)
IF(EUF,1) 3,3L27

3027 IF(DATAl21-ST^RTT) 3050,JC22,3022
3022 IF(l)ATA( U.EO.SN) GO TO 3L'35

PRINT 3016
STOP 05

3035 11=2
PRINT 901, I

901 F D P M A T l / / * S T A R T T FuUiMO AT RECOkl ) * I5 )
KK=1
00 3023 .1KK=1,NCHP
I J = I C H A N ( I K K )
XX = O A T A ( IJ«-2) * S C A L F A C ( U )
I F ( A B S I X X J - O F F S C A L ) 30 iO ,3031 ,3031

3031 XX=0. $ NUFF( I J ) = N O F F ( I JH-1
3030 CHSUMf I J ) = CHSI IM( I J I 4 - X X
3023 S A V E 6 M ! K K ) = X X

IREC1=1
NREC = NREAIV64 $ GCi TJ 3C6C

3029 IK L A P ) 3061, 3061, 3f 62
3061 KK = 0 $ 11 = 1 % I REC 1=1 t NKEC=MPfcAU/b t $ GO TG 3060
3062 KK=0

I W R I T E = C
I P E C = N P T Q 2 / 6 4
NREC=NREAi ) /64
I L O C = ( N P T n 2 - I R E C * 6 4 l * M C H P
IREC = IREC+1 $ NWOP.fJS=N64 t NLEFT =No4-I L OC

4018 IF ( IRFC-NREO 4C16,4010,^01?
4017 NWOROS=(NREAl ) -NREOt ,4 ) *NCHP

N L E F T = N W O R D S - I L O C
4016 CALL P . E A D M S ( 9 , S A V E 6 4 , D W O R D S , IREC )

IREC=IREC*1
KK=KKtNLEFT /NCHP
IF( ILUC.EQ.O) GO TO ^014
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00 4006 I=1,NLEFT
4006 S A V E 6 4 ( I ) = S A V E 6 4 ( IHLOC )

I F C K K - N P T 0 2 ) 4007,4012,4013
4007 IFUREC-NREC) 4CC9,4009 , 4010
4C10 N W O R O S = ( N R E A O - N R E C * 6 4 ) * N C H P

IF(N*ORDS.LT.. I L C C ) I L O C = N W O R O S
4009 CALL P , E A D M S ( 9 , S A V E 6 4 1 N I .EFT*1 ) , ILOC f IP.tC)

KK=KKMLOC/NCHP
4014 IF (KK-NPT02) 4011.4020,4021
4011 I W R I T E = ! W « ITEH

C A L L W R I T I N ( 9 , S A V E 6 4 , N 6 4 , I W R I T E )
GO TO 4013

4012 IF (NLEFT.LT .N64) GO TO 4019
4022 I W R I T E = I W R I T E « - 1

CALL W R I T I I M ( 9 , S £ V E f c . 4 , N 6 4 , I W R I T E )
11=1

4015 I R E C l = I W R I T E + l
KK=NPT02
GU TO 3060

4013 I1 = N L E F T / M C H P - ( K K - N P T 0 2 ) *-1
GO TO 4015

4019 I l=NLEFT/NCHPf1
GO TO 401-5

4020 IF( ILOCfNLEFT.EC.N64) GO TO 4022
Ii=( ILOC+NLEFT1/NCHF «• 1
GO TO 4015

4021 I l= (NLEFTMLOC )/NCHP - ( KK-NPT02 ) * 1
GO TO 4015

3060 IF( I T F M T . L T . 3 ) GO TO 206
I F ( I R E C 1 . G T . M R E C ) GO TO 3046
DO 3024 I R F . C = I R E C 1 , N R E C
00 3025 ILOC=I l t64
CALL R E C I N t l , 2 ,NN,aATA,1 ,NCHP2, 1 )
IF(EOF.l) 3063,3034

3034 KK=KKfl
IJ=(ILOC-1)*NCHP
00 3026 IKK=1,NCFP
I K = I C H A N ( I K K )
X X = l ) A T A ( I K « - 2 ) * S C A L F A C ( I K )
I F ( A B S ( X X ) - O F F S C A L ) 3 0 3 2 , 3 0 3 3 , 3 0 3 5

3033 X X = C H S U M ( I K ) / ( K K - i H N B - I ) * N R E A D )
iNOFF( I K ) = M G F F ( IK ) t l

3032 CHSUM( IK ) = CHSDM( I K ) * - X X
3026 S A V E 6 4 ( I J f I K K . ) = X X
3025 CONTINUE

11=1
3024 CALL W R I T M S ( 9 , S A V E 6 4 , N 6 4 , I R E C )

IFtNREC*64.EQ.NREAL» RETURN
3046 NLEFT=NREAD-64*Nf t tC

NREC=NRECf l
00 3042 ILOC=I 1 tNLEFT
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C A L L P E C I N 1 i i 2 ,NN,DATA, 1,NCHP2,1)
IF (EOF,1 ) 3063,3041

3041 KK = KKU
I J=( UDC-1
00 3C42 lK
I K = I C H A N ( I K K )
X X = D A T A ( I K « - 2 ) '
I F I X X - O F F S C A L I 304 3, 3C44, 3044

3C44 XX=CHSUM ( I K ) / <KK-H-( N8- 1) *NREAO) '
NOFF< IK) =MFK IKI+1 •

30^3 CHSUMt IK ) = C H S U M ( 1 K H - A X
3042 S A V E 6 4 C IJ+ IKK ) =XX

C A L L wPI TMS (9 , S AVFt^ ,NLEFT*NCHPf NftEC )
RPTU0!1

END
SUBRGl.lTI NE TP AN ( N B , Z t S A VL 6n , SPEC T )
D IMENSION Z ( l ) , S A V E 6 ^ ( I I , S P E C T ( l )
C O M P L E X Z
C r ) M M f l N / 8 L K l / S T A F i T T , I T f - M T , N B L K , IPOW2 , NCH , NPRINT , I PLOT A, I PLUTC ,OFH SC

i A L , OF L T A T , S N , i-J P SK I P, L AP , N C RDS S , I C ROS S ( 't. , 20 I , NCH P , Y LAO E L ( 2 \ , I W iNUOlv
L , F l , F , ° , T T Y P E S r >

COMMON / B L K 2 / K H ( 14) , C H S U M ( 14) ,NCiFF( 14) ,CHSUMSu{ 14) , S I GMA I 14 ) , RMS ( I
14) ,ME-AMl 1'f ) ,SC A L P A C l 14) ,CriSUMl ( 14 ) , T R A C K J 14) , ICHAN1 14)

C P M M O N / B L K 3 / N P T ,TN-AX ,hJP T02 , NSPCT , OELt- ,Nfc4,NPTO'12tl
1 , INZtP.O,NREALi

C O M M n N / B L K 5 / P C T C , K O . r M S , D M A X ( 1 4 ) , D M I N ( 14 ) , OB I IM < 141 , B INS ( 100 , 14 )
00 19 JJ = l,NCn.P

C ;

C READ INPUT D A T A PLOC.K FRUK RANDOM A C C E S S HL L
C

J = I C H A N ( J J ) •
NREC=0
I K = 0
I F ( N R E A f ) . L T . o 4 l CO TO 21
00 20 I = 6 4 , N R F A C , 6 4

C A L L P E A O M S ( S i , S A V E 6 4 , N 6 4 , N k E C )
DO 20 IJ=1,64

IL= I IJ-1 ) *NCHP«-JJ
20 Z( ! K ) = S A V t & 4 ( IL i

!F(NP.E.C*640EQoNf E A D ) GO TO 10
21

C A L L k E ^ O M S (9, S A \ , £ 6 4 , NLEf :T*NCHP, NKtC)
00 11 I J = l , N L K F T
IL=( IJ-1 )*NCHP«- j j

11 Z( I J * I K ) = S A V E 6 4 (ID
10 "CONTINUE

c
C COMPUTE BLOCK MEAN AND COUNTS FOR HISTOGRAM
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BLKMF:AN=0.
DO 2+ I=1 ,NREAD
C H S U M S Q < J ) = C H S U M S Q ( J ) f Z ( I

22 B L K M E A N = B L K M E A N + Z < I )
CHSUMH J) = RLKN|EAN«-CHSUM1U>
B L K M E A N = B L K M E A N / N K E A O
IRNBINS.EQ.O) GO TO 40
D M N = D M I N ( J ) $ D E L = 0 8 I N ( J J »
OU 41 I = l t N O E A O
I B I N = ( Z ( I I - O M N I / C t L + 1
l f ( I B I N . L T . l ) I 8 I N = 1
IF( IBIN.GT.NBINS) IBIN = NbINS

'.I fl!NS(IBIN,JJ)=P. INS(I8IN tJJ)*l
40 CONTINUE

00 ' 'i 3 I = l,NRE4D
23 Z(1 ) = Z(I J - B L K M E A N

r.
C APPLY DATA WINDCW
C

IF( IWINOQW.EO.O ) GO TO 33
GO TO (3C,31,32 ),IWINOOW

30 CALL MANNING(I,NRfcAD)
GO TO 33

31 CALL H A M M I N G * I ,NPEAD)
GO TO 33

32 CALL PAPZL ;N(Z,NREAO)
33 CONTINUE

C
C INSERT ZEPOS
C

!F{ INZEROoEQ.O ) GO TQ 2s
DO 35 I=1,NPT02

35 Z(I*NPT02)=Co
C
C COMPUTE FOURIER TRANSFORM AND STORE ON RANDOM ACCESS f ILE
C

24 CALL FOUHTt Z,NPT, 1,1.0,SPtCT)
IJ=(N3-1)*NCHPfJJ
CALL WRITMS(ti,Z;MKT,I J)

19 CONTINUE
RETURN
FND
SUBROUTINE HANN IN(,(Z, NPT )
COMPLEX Z(I)
DATA PI/3. !41'ji926535B98/
DO 1 1=1,NPT
D = .5*U.-COS(2.*PI*( I -I.)/ NPT) )

i Zd ) = z( I )*n
RETURN
END
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SUBROUTINE HAUM ING< I , NPT )
COMPLEX Z ( l ) * C A T A P I / 3. 14 1:>9265 3t»89d/
P ION=PI /NPT $ NF2=NPT-«-2
00 1 1 = 1 , NPT
T={ I H-NP2) * P T O N
0 = . 5 4 f . 4 6 * C O S ( T )

1 id ) = Z( T ) * l )
R E T U R N
END
SUBROUTINE P A R Z E M Z . N P T )
COMPLEX Z( I )
TM = f M P T / 2 % TI" .M1=TM-1
T M 0 2 = T M / 2 .
00 1 1=1 , MPT
J = I - T M M 1
I J = I A B S ( J )
IF ( I J - T M 0 2 ) 2 , 2 , 3

2 U=1.-6.*J*J*< l . -TJ)
GO TO I

3 0=2. *(!.-! J )**3
1 Z(I ) = Z( I )*l)

RfrTURM
END
O V E R l . A Y ( P A T S f 3 t C )
P R O G R A M A O T O S P
COMMON C M A I N ( 1 J
COMMON/ B LK 1/ST A R T T , 1 T F M T . M B L K , IPO*2 , NCH i NPRI NT , I PL O T A , IFLUTt t Gf> SC

l A L , D E L T A T , S N , N R S K I P , L A P , N C R O S S , I C f > O S S ( 2 , 2 0 ) , N C H P , Y L A t J E L l 2 ) , ! w I i N a O r t
1 , F 1 , F 2 , I T Y P E S P , U C C N , N F S K I P , IFF, LAGi , L A G 2

COMMO. \ /BLK2 / ICH( l ' t l , C H S U M ( 1 4 ) , N ) F F ( i H ) ,ChSUi^Sui( 14) , S I GMA ( l<t ) ,RMS ( 1
14) , M E A N ( 1<+) ,SC A L F A C ( 1A » ,CIISUM1( 14) , T R A C K . ! l^) , I C H A N C It)

COMMON/ B LK 3/NPT ,Ti1AX ,NPT02 , NS PCT , DEL F ,No^ ,NPTO 126
1, I N Z E R O . N R E A D

C J M M O N / S L K 5 / P C T C , r M h I N S , O M A X l l<t) , UMIN( 1 ^t I , OBINI 1^) , Bl i \5l 100, 14)
COMMON/ B L K 6 / I S A V E 6 4 , 1^ I , I XPLOT , 1 D A T A , IZ, ISHtCT
COMMON/BLK8/ I A L T G S P I 14 ) , IAUTOCO( 1 4 ) , I C R S P ( 2 & ) . ICRCOR (20 ) , I T R A ( 2 0 ) ,

I ICOH(20)
COMMON/BLKS/NF I L T P , F R . E Q F ( i > 0 ) » W C r l T F ( 5 0 )

C
C COMPUTE AND PRINT S P E C T R A L FILTlzR

IF (NF ILTP.LE .O) GU TO 1
C A L L S P L I N E ( F R E Q F , W G H T F , N F I L T P , N S P C T , C M A I N ( IP. I ) ,UELF )

CALL W R I T E S (8 , C M A I N ( IR I ) , N S P C T , N R t C )
00 2 1 = 1, MS PC T

2 C M A I N ( I X - P L O T + - I - 1 ) = ( I - l ) * U h L F
I 1 = I X P L O T - 1 $ I 2 = I R I - 1
P R I N T 900, ( I , C M A I N ( 1 1 « • I ) , C M A I N ( I 2 f l ) , ! = l . i N S P C T )

900 F O P , M A T ( / / * 1 S P E C T R A L F I L T L R WEIGHTING F J iNCTI ON*/ / 5X* I* 3A*FhtUUti \Cr*
1 6 X * W E I G H T * 3 ( 7 X * I * 3 X * F R E Q U E N D Y * 6 X * W E I G H T * ) / ( I 6 , 2 E i 3 . ' 3 , i 6 , 2t 1 3. !>, I «j ,
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22E13.5 , I6 ,2E13 .5 ) )
1 CONTINUE

CALL A U T O ( O M A I N (m ,CM.AIN( ISPECT I . C M A I N U R I ) , C M A t N l I X P L O T M
C .
C C A L L A U T O FUNCTION ROUTINE V v I T H COMPUTED BLOCK. A D D R E S S E S
C

IF(N8INS.GT.O ) CALL N O R M A L
RETURN
END
SUBROUTINE AUTO ( I , SP fiCT , P. 1 , XPLOT »
DIMENSION SPECT ( I I , X P L Q T l I I ,RI(II,i(1)
COMPLEX A S P E C T
C O M M O N / B L K l / S T A R T T f I T F M T , N B L K , IPOH2 , NCH,NPRINT, I P L O T A , I P L J T C , GFFSC

1 A L t O E L T A T , S N , N R S K I P , L A P , A C R O S S , I C R O S S ( 2 , 2 0 ) , M C H P , Y L A 6 E L ( 2 ) , I w l N U Q W
i , F l , F 2 , I T Y P E S P i W C U N i N F S K I P , I F F , L A G l t L A 3 2

COMMON/BLK2/ ICr i ( 14l ,CHSUMl 1^),NUFF| L ^ ) , C H S U M S Q ( 14 > , S 1 G.'IA ( 1V) , RMS ( 1
14), M E A N ( !'+> ,SC A L F A C ( l<t) ,f. hSUH 1 ( 14 ), T H A C K ( 14) , ICHAiMl l - t l , IFILTtHU4)

C O M M O N / 8 L K 3 / N P T , T M A X , N P T n 2 , N S P C T , O E L F , N 6 4 , N P T 0 1 2 8
1 , I N Z E R O , N R F A D

C O M M O N / B L K 8 / I A U T Q S P ( 14 ) , I A U T O C O ( 1 4 ) , I C R S H ( 2 0 I , I C R C O R ( 2 u ) , I T K A t i i O ) ,
1 ICOH(20)

C O M M O N / B L K 9 / N F I L T P
COMMON/ BL-K10/NRCRO/
OIMENSION P L A l i E L ( 6 ) , P P L U T ( 2 7 ) ,BAN0127) , IUENti>)
REAL MEAN
COMPLEX Li
PRINT 91<!, ( T R A C K J J) , NOFF ( J ),J = 1 ,NCH)

912 F O R M A T ! / / * NO. CF O F H S C A L E V A L U E S FUk E A C H C H A N N E L * / ( I X , A 10,UOI )
C
C COMPUTE MEAN AND V A R I A N C E OF EACH C H A N N E L
C

00 36 UK=1,NCHP
I K = I C H A N ( I K K )
M E A N ( I K ) = C H S U M 1 ( T K ) / ( N O L K * N R E A D )
SECMOM=CHSUMSG(IK)/(NBLK*NREAO)
SIGMASQ=(SECMOM-MEAN( IK)**2 )
IF(SIGMASO> 30,37,37

38 PRINT 913, IK
913 FQRMAT<* NEGATIVE SIGMASQ FOR CH.*I5>

SIGMA(IKI=0.
GO TO 36

37 SIGMAUK ) = SQR T ( SI G M A S O )
36 CONTINUE

C
C S T A R T OF LCOP FCR COMPUTING AUTO S P E C T R A AND C U R R E L A T IUKS
C

00 50 JJ=1,NCHP
J = I C H A N ( J J )
DO 53 I = 1 ,NSPCT

53 SPECTU )=0.
C A V E R A G E N?LK S P E C T R A FOR ONE CHANNEL
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00 54 !BLK=1,MBLK
IJ=< IBLK-1 )*NC-HP+JJ
CALL KEAUMS (8,Z ,NPT, IJ)
GU TO

80 00 91
91 SPECK

GO TO 54
61 00 82

80 , (30 ,81 ) , I T Y P E S r '
=1 ,NSPCT
) = S P F C T ( I) HREALUt I I) * *2 *A [MAGI Ml) » * * £ »

M.NSPCT

A M P = C A B S 1^1 6 />RG=0. $ IF < AX,P .NE . 0. J ARG = AT AN<i( A I MAGI L I ) ,Rt AL ( LL \ )
8 2 S P E C T - « I J = S P F O r { I ) * C M ? L X ( A ^ P , 4 R G )
54 CONTINUE '

C
C C O M P O T E C P K R f f C T t O A U T O SPFCTRUM 4iNU C A L C U L A T ' E i J VARIANC- t
C

SUM=Oo ' .
GO TO ( 8 3 , 8 3 , 8 4 ) , ! T Y P £ S P

84 C Q N = 2 o / ( N P L K * N P E A U )
00 85 ! = 1 , M S P C T

( S P E C T ( ! ) )*Cf)N

S P E C T ( I ) = C M P L X ( / 1 M P , A R G )
65 CONTINiUt

RMS( J )=0 .
GO TO 86

83 CON = D f c L T A T * O t L
DO 59 I = 1 , N S P C T
S P E C T d J = S P E C T ( I

59 SUM=SUM«-S! 'ECT ( I )

86 CONTINUE
C A P P L Y S P E C T R A L F I L T E R

I R N F I L T P < , L E . O . C R o I . F l L T E K < J J . f c O . L ' J GO TO 58
C A L L P E A U * S < 8 f R I fNS 'PCT ,NBLK*NCHPM)
00 112 I = 1,NSI ; >CT

112 S P E C T ( I ) = S P E C T ( I )*SI ( I ) .

C
C PPINT A U T O S P E C T R U M AND SET UP P L O T T I N G A R R A Y S

C
58 PRINT 1001, J . T P A C M J) , M E A N ( J ) f S l G M A l J ) , R M S ( J )

10C1 FORM ATI / / / * lCHANN[ r l * !3 , 3XA10, 3X*M tAN = *t 12. 5 , 3X*SIGMA =

1002 F O P M A T ( / / / * A V E R A G E O F * I 3 , * T R A N S F O R M S * / / 5X * I * 3 X * F R E U U f c N C Y * o X * P O W f c
! R * 3 ( 8 X * I * 3 X * F f i E C U b N C Y i t 6 X * P O W E R * ) )

IK I T Y P E S r . E Q . 3 ) GO TO 87
00 60 1= 1 , N S P C T
X P L O T I ! ) = ( ! - ! ) *CELF

S K E C T ( I 1 = 3 , 1 ( 1 ) = A M P
60 CONTINUE

911 F O R . M A T ( 4 ( I 6 , 2 t 12.51)
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CALL v . ' R I T M S ( 9 , R I , N S P C T , J J )
IF( IAUTOSP1 JJ .LE .O) GO TO 100
GO TO ( 6 6 , 6 7 , 8 7 ), I T Y P E S P

66 E N C O U E ( 6 0 , 9 C 1 , P L A 8 E L ) DELF , T R A C K ( J)
901 F O R M A T ( * A U T O POkEP S P E C T R U M ( 3ANOwIUT H= *t9. I, * ) *9X, 4 10 )

NPLA8tL=41
00 69 I=1 ,NSPCT

69 RI( I ) = RI ( T ) *OELF
PRINT 1005, < P L A B E L ( I ) ,1=1,5)
GO TO 68

6 7 E N C O O E ( t > 0 , 9 0 2 , P L A B E L ) T R A C K ( J )
902 F O R M A T ( * A M T O POKER S P E C T R A L OENS I T Y*3 A , A i 0, 2 0 X )

NPLABEL=27
PRINT 1006, < P L A B E L ( I) ,1=1,3)

1005 F O R M A T I / / 2 0 X 7 N * * * ,5A10,6H * * *>
lOOo F G R M A T ( / / 2 0 X 7 H * * * ,3A10,6H * * *)

GO TO 68
87 00 83 I=1,NSPCT

X P L O T ( I ) = ( I - 1 ) * O E L F
88 R ! ( T I=SPECT (I )

E i M C O D E ( 6 0 , 9 0 3 , P L A B E L ) T R A C K ( J )
903 F O R M A T ! * AMPL I TIDE. S P E C T R U M AND PHASt *5X , A 10, 16X )

PRINT 1009, PLABELU ) , P L A B E L ( 2 )
1009 F O R K A T ( / / 20X7H * * * ,2A10,6H * * *)

NPLABEL= Ib
PRINT lOO/, N8LK

1C07 FORMAT!///* AVERAGE OF*I5,* TRANSFORMS*//SX*I *JX*»;;REOUE/\/CV*4X*AMPL
I ITUDE*^X*PhASE*2( 9X * I *3X*FREUUtNCY*<*X* AMPL I TUL)E*^X*H'HA Sfc*l )
PRINT 1008, ( I , XPLOT! I ) ,SPECT(I) , I = 1,NPRINT)

IOCS FORM AT (I 6, 2 El 3. 5, F8.t, I 1C , 2E 13.5 ,F8. 2 , I 10,2E 13. 5,FB. 2)
GO TO 89

6C CONTINUE
PRINT 1002, NBLK
PRINT 911, (I ,XPLCT( I ) ,RI( I ), I = 1,NPRINT )

89 CONTINUE

7) - P L A B E L . N S P C T , ( X P L O T ( i ) , R K i) , i = i ,NSPCT)
PRINT 1010, N R C R D 7 , P L A b E - L

1010 F O R M A T U / 2 1 H * * * * * R E C O R D NO. ,15, * ON T A P E 7 C O N T A I N S *6A10,1G
IH * * * * * )

', PLOT FANFULO PLGTS ANO COMPUTE 1/3 G.B. SPECTRUM
GO TO ( 7 C , 70, 62, 63, 62, 631, IPLUTA

62 ILOG=0 i GO TO £1
63 I L O G = 2
61 C A L L PLOTNIHYLABEI . , T P A C K ( Jl , I O , X P L D T , R I , NSPCT , I LOG, F 1 , F2 ,HLABEL,

1NPL Ab tL , I f -F ,1 )
IF( I T Y P f c S D . L T . 3 ) CO T3 70
I L O G = C
00 90 ! = 1 , N S P C T

90 RI ( I I = A I M A G ( S P E C T ( I ) )
ENCODE ( 50 , 904, PLAIiEL )
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9C4 F O R M A T ( * P H A S t ANGLE, DtCRF.tS*30A )
NPLABEL=20
C A L L P L O T N i 6 ( Y L A B E L » T p ; \ C K . ( J ) , 1 0 , X P L b T , R I , NiSPCT , ILOG,F l ,F< ; ,PLA6tL ,

1NPIA6EL,0,0)
GO TO 100

70 CONTINUE
IF< I T Y P E S P . E Q . 3 ) GO TG 100

COMPUTE 1/3 O C T A V E BAND S P E C T R A

65

64

71
73

72
75
74

100

SPECTRUM*4X , A 1 0, 2CX )

101

114
113

1014
110

1011
1013
1012

C
C
C

GC TO (100,65, ICC, 100, 65 ,65 )
CALL HANDS ( D E L F . N S P C T t S P t E C T . P P L O T . B A N J f N P P f I f c R R . I T Y P t S P )
IF(NPP.LE.O) GO TO 100
CALL PLOTS < Y L A B E L . T K A C M J ) , 10 .BAND, P P L O T , NPP , PL AbEL , NPL AcEL , IFF »

CONTINUE
GO TG ( 7 2 , 7 1 » , I T Y P E S P
E N C O O E ( 6 0 , 7 3 , P L A e E L ) T R A C K ( J )
FURMAT(* l /3 OP AUTO POWER SPECTRAL Ot MS I T Y*6X , A10, 1 DX )
GO TO 74
E N C U O E I 6 0 , 7 5 , P L A B E L ) T R A C K ( J )
FQF<r tAT(* l / 3 0» AUTO P O W E R
CONTINUE
NRCK07=NRCRU7* l
W ! U T E ( 7 ) PLAb f ; L ,NPP, ( 3 A N D ( I ) , P P L O T (
PRINT 1010, N P C R D 7 , P L A B E L
IF( IAUTOCU( J) .LE.Gt GO TO 50

COMPUTE A U T O C O R R E L A T I O N

DO 101 I = 2 , N S P C T
Z U ) = S P E C T ( I )
1(1 « -NSPCT) = S P E C T ( f j S P C T - I » 2 )
Z ( l ) = Z < N S P C T « - l ) = S P E C T ( l )
I FdTYPESP.GT . l ) GO TO 113
DO 114 I = 1 , N P T
Z(I ) = Z( I ) /OELF
CONTINUE
CALL FOURTl Z iNPT, l , - l ,O t S P E C T I
CON=3. 14159265358S8 /TMAX
I F ( I N Z E R O ) 1014,1014,1011
DO 110 I = 1 , N S P C T
SPECTU ) = Z ( I ) *CCN
GO TO 1012
DO 1013 I = 1 , N S P C T
SPECT( I )=Zm*CCN*NPT/ (NPT- I -H-2 . l
CONTINUE '

PKINT A U T O C O R R E L A T I O N

DO 102 1=1, NPT

101
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RI( I ) = S P E C T ( I )
102 XPLOTU J=!M1

PRINT 1003, T P A C K ( J ) , ( X P L Q T U I ,KI (I ) , 1 = 1 , M S P C T )
1003 F O R M A T < / / M A U T O C O R R E L A T I O N , *A1 0 / /8 ( 7X* I *oA*RX* ) / ( 2A , F'j.O ,fc 11. 3 .

lF5.0,E11.3,Fi>cO,Ello3,F!J. C,E11,,3,F5.G,E11.3,F5. C ,E l l a 3 , l -b .G ,EUe3,
2F5.0,611.3 I)

E N C O D E < 6 0 , 1 0 C 4 , F L A B E L I T R A C K ( J )
1004 F O R M A T ( * A U T O C O R R E L A T I O N * , A 1 0 , 3 2 X )

NRCR07=NRCRD7+1
W R I T E 1 7 ) P L A B F . L , N S P C T , ( X P L G T ( I ) ,R I ( I ) ,1 =1,NS?CTI
PRINT 1010, N P C R L 7 , P L A B E L
IF(L f tG l .EO.O.ANC.LAG2.EQ.OI GO TO 50

C
C SET UP PLOT A K R A Y S AND PLOT A U T O C O R R E L A T I O N
C

L1=LAG1 $ IF (L l .LT .O) Ll=0 $ L 2 = L A G 2
I F ( L A G 2 . G T . O ) GO TO 109
Ll=-LAG2 t L2=-LAG1

109 Il = Ll«-l $ I2 = L 2 + l
106 IF( I i .GE.I21 GO TO 50

NPLT=I2-I1»1
00 107 I = 1 , N P L T
11=1*11-1
XPLOTd ) = I 1-1

107 R I ( I I = S P E C T ( I I )
CALL A S C A L E ( R I , 10..MPLT, 1,10. »
IF( IFF.EO.O) GO TO 50 -
IF (NPLT-25 j» 201,201,202

201 K=l $ GO TO 103
202 K=NPLT/256
103 ENCODE(50 ,920 , IOEN) TRACM J)
920 F O R M A T ( * A U T O C O F R E L A T I D N * 3 X , A 1 0 , 2 2 X )

P N = R I ( N P L T f 1 )
PX = R I ( N P L T « - 2 ) *10.*-PN
CALL FANFOLDtPI ,NPLT,K, 1, NPLT ,'IOENt 1H*» 1 . ,PX , PN , y LAB EL , 2 ,1 tO , 0, 0. ,

11H I
50 CONTINUE

RETURN
END
SUBROUTINE NORMAL
C O M M O N / B L K 1 / S T A R T T , I T F M T , N 8 L K , IPOw2 , NCH , NPRI NT , 1 PLOT A, 1 PLOTC , OFf-SC

1 A L , O E L T A T , S N , N R S K I P , L A P , N C R O S S , I C R O S S 1 2 , 2 0 ) , N C H P , V L A B E L ( 2 ) , IWlNDOw
l , F l i F 2 . I T Y P E S P

C O M M O N / B L K 2 / I C H ( 1 ^ ) , C H S U M ( 14 ) ,\OFh ( 14 ) ,CHSUMSQ( l<t) , S IGM A (14 ) , RMS ( 1
14) ,MEAN( 14) , S C A L F A C ( 14 ) ,C HSUM 1 ( 14 ) , 'TRACK ( 14) , ICHAN( l4(
. C O M M C N / B L K 3 / N P T , T K A X , N P T U 2 , N S P C T , U E L F , N 6 4 , N P T 0 1 2 8

1 , I N Z E R O , N R E A O , N P T O T
COMMOM/BLK5/PCTC,NBI ! MS,CMAX(14) , DM I N( 14 ) , DB I N< 14) , B IiMS ( 100, 14)

1.CHISOC
REAL MU,MEAN
DIMENSION Y L ( 3 ) , ICEN(b )
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00 1 1 = 1, NIC HP
J= ICHANU)
MU=MEAN( J)
E N C O D E ( 3 G , 9 C 2 , YD T R A C M J )

902 F O R M A T ) 3 X * H I S T O G R A M FOR * A 1 0 , 3 X )
PN=PX=0.
C A L L F A N F ^ L O t H I N S C 1, ! » t MB I MS, it 1 ,100t IJEN,lh* f 1. ,PN,PX, Y L , 3 ,

1100, C, X A P P HY, XL A B E L I
S I G = S ! G M A ( J )
FACTOR=1. / (2.5066i 'K2/!>*SJG)
O E L = O B I N ( ! )

SUH=C.
IMOMIMl JJ .LT . -20 . ) GT TO h
PN= PFUN ( -20. , OH IN { .) ) , MU f S I G ) *FAC TOR
CD TO 7

6 PN=0«
7 CONTINUE

PRINT 905, ( B ! N S ( K , T ) , K = 1 , N 8 I N S )
9C5 F O P M A T ( / * B IN T,* / ( iOF 1 3. 0 ) )

CHISO=0.
00 2 K. = l ,NUINr.
A = K*DEL«-UiM!N( J ) |
SUM= B ! M S ( K , I ) . ;
P=SUM/NPTOf j
PN= PFUNt A - ( . i E L t d , M i i » S I G ) * F A C T O R
I F ^p^ : .EO .o ) r,n TO 2
CHISO = N P T n r * ( P - F N I * * 2 / P N * - C H I S a

2 CONTINUE
A L P H A = 1 . - ? C T C / 1 C C .
P R I N T 900, N B I N S M 3 . C H I S O , A L P H A , CHISOC

90C F O ? M A T ( / / / 1 2 X 33h * * « GOCONESS OH FIT T E S T * * * / / * UEGRfcES OF FR
1EEOOM = * I 5 , 1 0 X * C H I - S O U A R t : =.*F10.3//!f AT THt S IGNIF ICANCE LEVEL OF*
2F10.3, lCX*THt C R I T I C A L VALUE OF CHI-SQUARt IS*F10.3)

1 CONTINUE
RETURN
Er'D
FUNCT ION PFUN ( A ,B,HU, S!G )
K F A L MU
PFUN=0.
OX= ( B-A ) /50.
X = A - D X / 2 .
00 1 1 = 1 , 5 0

1 CONTINUE
RETURN
END
SUBROUTINE PLOTP (V L»B fcL ,FRAMEL,NF t BAND, PFLOT (NPP, PL ABEL rNP, IFF)
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DIMENSION 8 A N D I l ) , P f > L O T (1 ) , Y L A H t L < 2 ) , FKAMEL ' ( l ) , P L A B E L ( 5 ) , F F l U < 5 )
l i I O E N ( 6 ) , B C F ( 2 4 )

D A T A K C F / 5 0 . , 0 3 .,60. ,100. , 125.,160.,203.,250.,315., 400. ,500.,63o.,
180C.,1000. ,1250. , 1600. ,2000. ,2500. ,3150. , tOGOo,5000. ,80uG. , 100UO. ,
220000./ -

PLOT POWEhi FOR P.ANU C E N T E R FREQUENCIES 56-2GK HZ

4001 00 2001 1 = 1 , N P P
2001 BAND<n=H-4

P M A X = P P L O T ( 1 I
DO 2002 1 = 2 ,NPP

2002 P M A X = A M A X 1 ( P P u Q T ( I ) , P M A X )
N M A X = I F I X ( P M A X )
I F ( N M A X . L T . P M A X ) N M A X = M M A X « - 1
P M A X = N M A X
PMIN=PMAX-5.
I2=NPP
DO 2004 1=1 ,12
I F I P P L O T ( I l .LT.FMIN) PPLGT ( I ) = PMIN

2004 CONTINUE
PPLQT (NPP4-1 ) = PMU
BAND(NPP + 1 ) =1. t
IF ( IFF .EQ.O) RETURN
F,FID(1) = Y L A B E L ( 1) 4 FF I 0 ( 2 ) = Y L A b EL ( 2 )
N W O P O S = ( N F f 9 ) / 1 0
DO 1' I = l , N w O P O S .

I FFID( 1*2 ) = F R A M E L ( I )
ENCODE!54,905, I DEN) PLABEL

9 0 5 FORM A T ( * L O G *5A10 ) ' . . .
C A L L F A N F r ) L D ( P P L C T , \ P P , 1, 1, NPP, I DEN, 1H* , 1. , P M A X , PMI N, FF 1 0 , lMVvORDSt -2

l,120f l .BCF, ICHFREuUENCY )
RETURN . .
EMU .
SUBROUTINF BANDS (UELF , NSPCT , SPEC T, PPLOT , BAND ,NPP , I ERR , I P C i W P L T I
COMPLEX SPECTd l
DIMENSION' FPLOT ( 1 ) , I N D ( 4 6 , 2 ) , F N C ( 4 6 ) , F N L ( 4 7 )
D A T A F N L / 1 . 1220,1.4125, 1. 7783,2.2387,2. 8 1 84, 3 . 5481, 4. <»663, 5 .o234 ,

1 7. 07 95, 8.9125, 11.2 20, 14. 125, 17. 783 ,22 .367 ,26 . 184, 35.481, ̂ 4. t>t>8,
25o .234 ,70 .795 ,8S . 125,112.20,141.^5,177. 8J ,223.87,281. 84,354. 81, .
3446. 68,5 62. 34, 7 C 7. 95, 89 1.2.5, 112 2. 0,14 12. 5, 177 8. 3, 2238. 7,2818.4,
43548.1 ,4466.U,5623.4 ,7079.5 ,8912. 5,11220. ,14125. ,17763. ,223o7. ,
528184, ,35481o,44668o/

D A T A FNC/1.25f i9 ,1 .5849,1 .9953,2 .5119,3 .1623,3 .9811,5 .0119,6 .3096,
17.9466, 10. ,U. 5 8S, 15. 849, 1 9.953, 25. 119 , 3 1 .023 , 39. ill 1, 5C . 119, 63. 096
2,79 .433, 100 . , I25 .o9 , 156.49,199.53,251.19,316.23,398.11,501.19,.
3630.96, 794.33, 1CCC.,1258.9,1564.9,1995.3,2511.9,3162.3,3981.1,
4 50 U.S., 6309. 6, 7S43.3, 10000. , 12569 ., 1564 9. , 19953. ,25 119. , 3162 3« ,
539811. /

DIMENSION P S D ( 4 6 ) , P S U P H Z l 4 6 ) , 8 A N O ( 2 7 )
Of1 3 1 = 1,? 7
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3 BAND (I )= I -
IER«=0
00 I 1=1,46
BNO=FNLl 1*1 )-FNL< I )
11=1
IF( BMJ.GE.OELF I GC TO 2

1 CQNTPJUE
IERP=1
RETURN

2 DO 62 1=1,40
PSDPHZ( I I = PSO( I »=G. .

62 IiMO( 1,1) = INO( I ,21=0
1 J=f 1
JO 63 I = 2,NSP(T
F=l I-l)*OFLF

68 IFUI-4&) 6^,64,65
6i> II = ̂ fo

GO TO 66
o4 IF(F-FNL ( I I *1 ) ) 66,67,^7
66 IF( IMO( II ,2 ).t-:Q.G) 1 NO ( 1 I , 1 )= I

IND( lit 2 )=IND( I I,2) + l
GO TO 63

67 11=114-1
GO TO 68

63 CONTINUE
NPP = C
1)0 ((> 1 = 1 1 , 4 6 '
IF( I M D ( I ,2) » 7 6 , 7 6 , 7 0

70 I S T R T = I N D ( I ,1 )

- CALL B N D S l l M l S P E C T d S T ^ T ) , TND( 1,2) ,PSLilI ) 1
PSO< I ) = P S D ( I )*DELf :

PSOPHZC I ) = PSL)( I )/4FNL( !«•! )-FNL( I ) I
76 CONTINUE

NPP=NPP-( 17-1 1)
IFJNPP.LT.O) NPF=0
IF1NPP.GT.27) NPP=27
PRINT 30, (FNf. ( I) ,PSO( 1 ) , PSDPH/l I I, 1= I 1

80 FORM&'K/ / * 1/3 O C T A V E B/1 NO* bX* PUwt F .*£> X*POWF.R S P E C T R A L * / * CENTER
1 FREOUEiNCY*4X*SPErTPUM*7X*DENSITY* / (F12 .C ,E19 0 4 ,E l f> , , ' + ) )

IF (NPP.EO.O) 00 TO 300f
GO TO (3001, 30021, IPOWPLT

3001 00 3003 1=1, NPP
PPLOT( I I=-1GO. $ !F«PSO(I4-16).GT.O. ) PF LOT( I ) = ALOGiO ( PSD I 1 4- 16 ) I

3003 CONTINUE
GO TO 3C04

3C02 00 3005 1 = 1, NPP
PPLOTU )=-100.
IF( PSUPH£< I4-16UGT.O.) PPLOT ( I ) =A LOGIC ( PSUPH^ ( I «-lo ) J

3005 CONTINUE
3004 RETURN
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END
SUBROUTINE BNL)SL-'l"(Sf NJM.PSO)
COMPLEX 5(1)
PSD=0.
IFtNUMoGTel ) GO Ti! 1
PSD = PEAL(S(U )
RETURN

1 PSD=REAL (Ml) H-RfcAL(StNUM) )
IFINUM.EQ..2) RETURN
NUMM1=NUM-1
00 2 I=2,NUHM1

2 PSO=PSD»-ReAL(S( I) )
RETURN
END
.SUBROUTINE SPLINE <X,Y,KNT,KNTOUT,YOUT,OX)
DIMENSION CU,<» ),AU> , IP IV(^),X( l),Y( I> , YOUT( L)
XM = 2.*X(l) - X(2I
YM = 2.*Y< 1) - Y(2)
XN = XU)
YN = Yd )
XO = X<2)
YO = Y(2)
XP = X(-3)
YP = Y(3 )
SLN = (YN-YM)/(XN-XM)
SLO = (YO-YN)/(XO-XN)
SLP = (YP-YO)/lXP-XO)
RKOUT = KNTOUT
I Y N X = X ( 1 ) / O X
IF( IYNX*DX.LT .X( I) I I YNX=IYNX«- i
V A R = I Y N X * D X
DO 1 I=1, IYNX

1 YOUTd I = Y< 1 )
I Y N X = I Y N X f 1
LIM = KNT v 1
DO 7000 N=3,LIM
IF ( S L N .NE. SLO .OK. SLO ,NE. S L P ) GO TO 331/0

: LINEAR
AU» = 0.
A ( 3 ) = 0.
A ( 2 ) = SLO
A l l ) = YN - SLO*XN
GO TO 60GC

3000 CONTINUE
Ad) = ( S L O - S L N ) / ( X O - XM)
A « 2 ) = ISLP - SL01/UP - XN)
IF ( A ( l ) .NE. M2M GO TO 5000

: P A R A B O L I C
C( It 1) = 1.
C « 2 f l ) = 1.
C ( 3 , l ) = 1.
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C < 1 , 2 ) = XN
C ( 2 , ? l = XO
C ( 3 , 2 ) = XP
C ( l , 3 ) = XN*XN
C ( 2 , 3 i = XO*XO
G ( 3 , 3 ) = XP*XP
A ( l ) = YN
M2I = YO
A ( 3 ) = YP
C A L L S I M t O (C, 3, A, 1 >. DLT , IPI'

. A K ) = 0.
.30 T O , 6 0 G O

5000 CONTINUE
C CUblC

C( l , I) = 1 .

C I 3 , 11 = 0 .

C( 1 , 2 1 = XN
C ( 2 , 2 ) = XO
C ( 3 , 2 ) = lo
C ( 4 , 2 ) = 1.
C ( l , 3 ) = X N * X N
C ( 2 , 3 l = X O * X t l
C ( 3 , 3 ) = 2 . * X N
C C t , 3 ) = 2 . * X O
C ( l , ^ l = X N * C ( l ' , 3 ) '
C ( 2 , ^ » ) = x n * C ( 2 , 3 )

C ( ^ , 4) = 3 . *C ( 2 , 3 )
A ( l ) = YM
A ( 2 ) = Y 0
A ( 3 ) = T A M ( . 5 * ( A T A M ( S l . N )

, I S C )

AT A N ( S L J ) » )
A T A N l SLP) ) )

CALL SIMEO (C,
6000 CONTINUE

SUM = 4(1)
VARP = 1.
00 6100 -K--=2
V A R ? = V A R P * V A K
SUM = SUN' «• A(

6100 C O N T I N U i f
Y O U T I I Y N X ) = SUM
VAR = F L O A T ( I Y N X ) * U X
1 YN X = I YN X «• 1
IF ( V A P .LF. X ( N - l ) )
XM = XN
y.M = YN
XN = XO
YN = YO
XO = XP

A , 1 , i H T , I P I V , I S C )

GO TO 6000
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YD
IF
IF
XP
YP
GO

= YP
(N .LT. KNT) GO TO c!>GO
(N .EQ. KNT f r l ) GU TO 7000
= 2 . * X ( K N T 1 - X ( K N T ^ l )
= 2 . * Y ( K N T > - Y ( K ' M T - l )
TO 66 OC

65CO CONTINUE
XP = X ( N - t - l )
Y P = Y ( N * 1 )

6600 CONTINUt
SLN = SLO
SLC = SLP
SLP .= (YP - Yd) / ( X P - XO)

7000 CONTINUE
IF( I Y N X . G T . K N T O L T ) RETURN
DO 2 !*I YNX iKNTCUT

2 YOUTH ) = Y ( K N T )
RETURN
END
O V F R L A Y ( P A T S , 4 , C )
PROGRAM C F O S S S P
COMMON CMftIN( 1 )
C O M M O N / B L K l / S T A R T T . I T F M T . N B L K . I P a ^ f f C H . N P R I N T . I P L O T A , I PLUTC , GFFSC

l A L f U E L T A T , S N f N R S K : P , L AP .NCP.OSS, I C R O S S (2 , 20 ) , NICHP , Y L A B E L ( <.\ f IwINUOw
It Fl ,F2t I T Y P E S f ' . k C U N . N F S K U , IFF, L A G 1 , L A G 2

COMMON/ B L K 2 / I C H ( 14 » , C H S U M ( 14) f N'JFF { 1-t ) , CHSUMSw( l*> f S IGMA C 14) ,RMS(1
1 4), MEAN! 14) , S C A L F A C ( 14) ,CHSUMi I 14 ) , T R A C K I 14) , ICHAN114)

CQMMON/RLK3 /NPT j T M A X , NPT02 , NSPCT ,OELF ,N64,NPT012b
If INiEKO,NPE4D

CGMMON/BLK6/ ISAVF.64, IRI, I XPLOT , J UAT A , I L , ISPECT
C Q M M O N / 8 L K 8 / l A U T n S P ( 1 4 ) , l A U T O C O t 14) , ICRS P (20 ) , I CRCOR (20) , I TRA (20 ) ,

1 ICOH(20)
CQMMON/BLK9 /NF ILTP
CCMMOM/BLKlO/MRCf iL )?
C A L L C R O S S ( CMAIN i 17) fCMfi.IM ISPECT ) , C M A I N ( I k I ) t C M A I N U x P L C T ) )
RbTURN
END
SUBROUTINE CROS S I 2 tSPF.CT ,.H I , XPLOT )
C O M P L E X SPECT ( 1) , Z < 1 I
DIMENSION PIU) .XPLfHli ) , H R A M E L t 3 ) , PL A B E L (b )
C O M M O . M / B L K l / S T A ? T T r I T F M T , N B L K , I P O W 2 , NCH , IMPRI !\IT , I PLOT A, 1 PLUTC , OFF SC .

1 A L , D E L T A T , SN, MR SK IP, L AP , NCROSS, I C R O S S (2 , 2 0 ) , N C H P , Y L A B E L ( 2 ) , I W I N D O r t
l fF l ,F2 , I T Y P E S P , > C G N , M F S K I P , I F F , L A ( , 1 , L A G 2

C O M M O N / B . L K 2 / I C H ( 14 ) , CriSUM ( 14 ) , f^lGFF ( 14 ) ,CHSUMSO( 14) , S I GMA ( 14 ) , RMS ( 1
1 4 ) , M E A N ( 1 4 ) , S C A L F A C ( 1 4 ) ,CHSUrU ( 14 ) f T R A C K ( 14) , ICHAN( 14) , I F 1 LTER( 14)
COMMON/BLK3/N-pT,Tf 'AX,NPT02,NSPCT,UEL( r- ,Nc,4 fNPT0128

1, INZEPT
C O M M O N / B L K d / I A U T O S P ( 14 ) , I A U T O C O t 14) , I CRS P 12 J ) f I C R C O R < 2 t I , -I TRA (

1ICOI-H20)
C O M M O N / 6 L K 9 / N F I L T P
COMMON/BLK
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DIMENSION I DEN ( 5 ) , BAND ( 2 7 ) , P P L O T < 2 7 )
D A T A R A O / 5 7 . 2 9 5 7 7 9 5 /

C
C S T A R T OF L C O P FCR COMPUTING C K Q S S FUNCTIONS
C

DO 70 ! C R = 1 , N C R C S S
M = I C R O S S U , I C R ) $ K 2 = I C R C S S ( « J , I C K )
IF( IAUTOS°(K1) ,EC.O.~;H. I AUTOSP ( K2 ) . £Q. 0 I GO TU 75
00 77 I=1,NCHP
IFUl.EQ.ICHACM II) J L=I
IF(K2.F.Q.ICHAM I II J2=l . ,

77 CONTINUE
00 76 I = 1 , N S P C T .

76 S r E C T ( I ) = 0 .
C
C A V E R A G E C D ' )SS S P E C T R A FOR ONE P A I R
C

DO 71 IBLK=1,NBLK
IJ= Jl+( IBLK-1) *NCHP
CALL K E A D M S 1 8 , Z » N P T , 1 J )
IJ=J2H I 3LK-1)*NCHP
CALL R E A O M S ( B , Z ( N S P C T « - 1 ) ,NPT, I J )
00 71 I=1 ,NSPCT

71 S P f : C T ( I ) = S P E C T ( H«-i( ! l *CONJG( i ( I tNSPCT) I
IF (NF ILTP .LE .O) GO TO 111 .
IF( IF ILTERUI) .EO.O.AMO. IF I LTERf J 2 1 . E J . O ) GO TJ 111
C A L L R E A D M S ( 8 , R I ,NSPCT,NBLK*NCHPf 1)
00 112 I=1 ,NSPCT

112 SPECTd ) = S P E C T ( I)*RI ( I )
111 CONTINUE

C A L L W R I T M S ( 9 , S P E C T , f N P T , N C H P f l )

C
C COMPUTE C O R R E C T E D C R O S S S P E C T R U M
C

CON=DEl .TAT*OELTAT/ (6 .2b31b530a*hCGr \J * i \SLK)
00 115 I= l ,MSPCT.

H5 S P E C T ( I » = S P E C T ( I J*CON
ENCODE ( 23 t ^OO, F RAH EL ) TRACMK1) . T R A C K ( K ^ )

<50C F O R M A T < A 1 0 , 3 H X ,A1C)
IF( I C R S P I ICR I .LE.C) GO TO 105
GO TO (60,61) , I T Y P E S P

60 CON=CON*DELF
ENCODt(50 ,901 .PLABEL I OFLF

901 F O R M A r ( * C R Q 5 S P C W f c R S P E C T R U M ( B A N 3 W I O T H =*G9. 2 , *) * , 6X )

PRINT 898, ( P L A 8 E L ( I I , I =1 , 5 ) , FRA MEL
898 F O R M A T ( * 1 * 5 A 1 0 , 5 X , 3 A 1 C >

ENC ODE (o 0,921, I DEN) T R A C K ( K 1 ), T R A C K ( K2 )
921 Fnp .MAT( *CROSS PCWER SPECTRUM *A 10, IX , A 10 , 7X I

GO TO 62
61 E N C O O E ( 5 0 , 9 C 2 , P L A B E L )
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9 0 2 F O R M A T < * C K O S S PCWER S P E C T R A L D E N S I T Y * 2 2 A )
NPLABEL=28
PRINT 899, ( P L A B E L U ) , 1 = 1 , 3 ) , F R A M E L

899 F O R M A T ( * 1 * 3 A I C , 5 X . 3 A 1 0 )
ENCODE(60 ,922 , I DEN) T R A C K ( K l ) , T P A C K ( K 2 )

922 F O R M A T ( * C P O S S PCfcER S P E C T K A L D E N S I T Y *A10 , I X , A 10)
62 I F ( N P R I N T . G T . O ) PRINT 897

897 F O R M A T ( / MX* I *4 X*FRE'JUENC Y*9X*RE ALnCX* I MAG* 7X*AMPL I TUDfc *7X*PHA.St*
1)

C
C SET UP P L O T A R R A Y S AND PRINT C K O S S S P E C T R U M
C

00 72 I = 1 , N S P C T .
F=( I - D / T M A X
X P L O T ( ! ) = F
A M P = C A « S < S P E C T ( I) )
I F ( A M P ) 79,80,7<5

80 ARG=0. $ GO TO 78
79 A R G = A T A N 2 ( M M A G ( S P E C T ( I ) ) , REAL (SP tCT ( I ) ) ) *PAL>
78 CONTINUE

IK I -NPP. INT)73 ,73 ,20Q
73 PRINT 915, I,F, S P E C T I I ) , A M P , A R C

915 FCRMATI5 ,5E14.5)
200 I F ( I P L O T C . E Q . O ) GO TO 201

GO TO ( 2 0 1 , 2 0 1 , 2 0 2 , 2 0 2 , 2 0 2 , 2 0 2 ) , I P L O T C
201 R I ( I ) = S P E C T ( I )

RI ( I « - N S P C T f 2 ) = A I M A G ( S P E C T ( I ) )
GO TO 72

202 Rid ) = AMP
R I ( 1 + N S P C T + 2 ) = A R G

72 CONTINUE
I F U P L O T C - 2 ) 301,301,302

301 IDENbrlOH ( R E A L )
IDEN7=10H ( I M A G J
GOTO 303

302 IDEN6=10H AMPL ITUDE
IDEN7=10H P H A S E

303 NRCRD7 = NRC»07*-1
N S P C T P 2 = N S P C T f 2
PRINT 100C, N R C R Q 7 , I D E N , I D E N 6

1000 F O R M A T ( / / 2 1 H * * * . * * RECORD NJ.,I5, * ON T A P E 7 C U N T A I N S *oA10,10

IH * * * * *)
dP.ITEm IDEM, IUEN6 .NSPCT, ( X P L O T ( I ) , K T ( I ) ,I = 1 ,NSPCT)
NRCRD7=NRCR07*-1
PRINT 1000, NRCRC7 , IDEN, IUEN7
W R I T E ( 7 ) I DEN, I OEN7 ,NSPCT, ( X P L O T ( I ) , P 1 I I * N S P C T P 2 ) , 1 = 1 , N S P C T )

C
C PLOT (-ANFf)LD PLOTS
C

N'-(=(NPLA8EL-1 )
NPLABEL=NW*10
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!H I P L O T C . E Q . C ) C,0 Til 1C5
Gil TO ( 1 0 f , i C 7 , ICS. IO 'V , 1CV,1G9) I H.OTC

1C7 .'LOGO i r-3 10 1G6
1C8 ILOG=<>
106 ENCODE ( l C , < y C ) 3 , P L A : J t L ( NU ) )
903 F ' lRMAH * ( RE AL ) *)

C A L L r > L Q T N B ( Yl . A H E L f h ^ A M E L f 2 Jt X P L O T f RI i M S P C T , IL .OGf 1-1 tHZ
IB EL , IFF, 1 )

F. MC 0!)f. ( I 0 , 9 04 , P L * b EC ( Ni-l » I
F O R M A T ( * M M A G ) * )
C A L L i } L Q T ; M B ( Y L A e E L , K K A r t F L , 2 j , A P L O T . R ! (MS PCT *• J ) ,N5PCT , I

IPL /ca i i i - rNPLA. -JEL t IH - fO )
GO TO 1J5

1^4 ENCOUE( 10,905, P L C b E L ( Nw ) I
905 F O R M A T ! * M A G N I T U D E * !

C A L L HLL iTNB(YI A PEL , F » A M E L , 2 3, XPU1T , ,-U , N S P C T , I LOG ,F 1 , F2 f P L A b E L ,NPLA
13tL. !F-F, 1)

E N C O O f c ( l O i O O b f P L ' - f . E U - M W ) )
906 F H R M f t T ( * f 'HASL" * !

IHIl.nG.GT.il ILOG=IL3G-^
C A L L f t O T N R ( Y L A F . b L , F : J A M E L , 2 3 , X P L O T , R I ( N S P C T * 3 ) , N S P C T , l L U G , H f F 2 ,

i P L A ^ r L J : \ IPLABEL, !Fr-,o )
105 CONTINUE

IF( T C R C C J f U ICR ) .LE.O) C,(, TO 411
C
C COMPUTE C P O S S C O R R E L A T I D M
C

DO 74 I = 2 » M S P C T

74 Z ( N S P C T ' * - I » = C Q N J G ( S ( J E C T ( N S f ' C T - I « - 2 ) )
Z( l )=/. ( N S 3 C T * - 1 ) A S P E C T (1)
IF( I T V P E S P . G T . 1 ) GO T3 113
00 114 1=1, MPT

114 H. I ) = ?( I ) / O E L F
113 CONTINUE

C A L L F C i ' J P T ( Z , M P T t i , - l , l f S P E C T )
PRINT 916, T R A C K ( K l ) . T R A C M K 2 )
C O N = 6 . 2 c J 3 1 8 5 3 0 a / T M A A
OH' 110 !=.!. ,NPT

110 SPECTd I =/.( I I *CCN
C
C SFT UP PLOT A R R A Y S , PRINT ANO PLOT C O R R E L A T I O N
C

IFUNZERO) 5 C C , 500,501
500 00 5C2 I = l , N S P C T

1 Nil = I - 1
IPN= I *NSPCT
RI( IPMI = S P E C T ( I )
X P L O T H P N > = IM1
IMN=I-MSPCT-1
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RH I ) = S P E C T ( I P N )
502 XPLOT l T ) = IMN

GO TO 303
501 00 90 I = 1 , N S P C T

I M 1 = T - 1:
IPN= I t -NSPCT

R I ( I P N ) = N P T * S P F . C T < I ) / ( N P T - I 2 M l )
X P L O T ( I P N ) = I M 1
IMN=I-NSPCT-1
I2MN=2*IKN $ IFd.EU.l) I2MN=I2MN»i
Rid ) = N P T * S P E C . T ( I P N » / (NPT *• T 2M.N!)

90 X P L O T ( I |=IMN
503 CONTINUE

PRINT 917, ( X P L C T t I ) ,K I ( I ) , 1 = 1, N P T )
917 F O R M 6 T ( 2 X , 8 ( F 5 . C , E 1 1 . 3 ) I
916 F O R K A T < / / * l C R O S S C C R r < e L A T J O N » *A10 r * X * A lw/ /B t 7 X * I * 5 X * R X y* ) )

E N C O D E ( 6 0 , 9 2 3 , P L A B E L ) TP ACK ( K 1 ) , TRACK, < K 2 )
92-3 F O R M A T ( * C K C l S S C O R R t L A T I O M *A 1C, 1 X, A 10, 20X »

W R I T E 1 7 ) PL ABEL, NPT, UP LOT ( I ) ,K I ( I ) , 1 = 1 , NPT )
NR.CRr>7 = NRCR 07 f 1
PRINT 1000, N P C R 0 7 , P L A B E t
IF{ L A C l o E O . C o * M C . L A G 2 . E Q . O ) GO TO 411
I1 = L A G H - N S P C T * 1 t !2 = L A G 2 * N S P C T t l

206 IFdl.GE.I2) GO TC 'til
,NPLT=I2-I1M
CALL A S C A L E ( R I ( H ) , 1 0 o , N P L T , l , 1 0 . )
IFI TF 'F .EO.O ) GO TO 411
I F INPLT-256 ) 101,101,10?

1J1 K=l $ GO TO 1C3
102 K=NPlT /256
103 ENCODE150, 920, IDEM) F R A M E L
920 F O R M A T ( * C P O S S CQRKEL AT IUN*3X, 3A1 0 )

f 'N=RI ( M P L T « - 1 1 >
P X = R T ( N P L T 4 - H H )*10. fPN
C A L L FA .MFOIU(R I (II) , IMPLT,K , 1, NPLT, IU£N, 1H* ,1 . ,PX ,PN,YLABEL ,2 ,12C ,0

1,0. ,1M )
GO T^! 411

75 PRINT 918, T R A C K (Kl ) ',TR AC M K2 )
918 F O R M A K / / * C R O S S S P E C T R A FUR *f t lC,* X *A10,* CANNUT 6E COMPUTED* )

GO "TO 70
411 IFdCOHdCP ).l E.C) GO TO 401

C
C COMPUTE CflhEP.tNCE
C

CALL R F A D M S ('•) ,R I ,NSPCT , Jl)
C A L L R E A O X S < 9 , R I ( N S P C T t l ) ,NSPCT, J 2 )
C A L L R E A O M S ( 9 , S P E C T . N P T .riCHPH.)
CON=I1ELTAT'**2/ ( fc. 283 1 85 :i08* WCON* NdLK. I
00 402 I = l,,NS'PCT
X P L O T ( I )= ( ! - ! ) / T M A X
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i ( i ) *RKMSP<:TM »
IF(UtmiM) ',12,412,413
R.H I (=0. S GOTO 402

413 RI ( ! I = C A B S ( SPECK I )/ S:JRT ( OENOM) ) * C O N
402 CONTINUE

PRINT V33, F R A M E L i d , X P L O T < II ,K1( 1), 1=1 , N

C
C PRINT AND PLOT COHHIi iNCE
C -

403 F O R M A T ! / / - 1COHE FENCE *3 MQ/ /b X* I *3X*F ^h jULiMCY *4X-COHL* tNLL*3t 6X*I
13X*F<?EgUEiMrY= i '4X*CaHE9r .NCE' *» /< I 6, 2 1 13. 5 , I 6,
2. "31 I

EiJCQHE ( o C " t 9 2 4 , P L A H E L ) TR ACK ( K i ) , T P A C K ( K. 2 )
924 F O R M A T < * C D H E P c N C E * A10 f IX f A 10, 2 d X I

W R I T F I 7 ) P L A B c L , N 5 P C T , ( X P l OK I l , f < I ( 1 ) ,I = l , N S P C r »
P R I N T 1000, N K C R D 7 , P L f i B t L
ENCODE! 50 ,4C4, PLABEL I - -

404 F O R M A T ( *C r )HERt :NCE*41X) .
C A L L P L O T N R (Y 1. A EEL , H K A M EL , 23, XPLUT , R 1 . N S P C T . c , e: 1 ,H 2 , PL AL- LL , 10, It-F,

. H)
401 IF( I T R A ( ICKI .EQ.O) GO TO 70 • '

C . . . - .
C COMPUTE T R A N S F E R FUNCTION
C

CALL . • ? E A L ) M S « 9 , S P E C T , N P T , N C H P H )
IF( I T R A I ICO I . LT .O) GO TO 40i>
CALL R E A Q M S ( 9 , R I , N S P C T » J l )
ENCODE I 6 0 , 4 0 6 , P L A H £ L ) T R A C K (Kl I , T K A C M K 2 I
GO TO 40 1

4C5 CALL R E A L ) M S ( 9 , R ! ,. \SPCT, J2 )
E N C O O E ( o O , 4 C 8 , D L A R E L I T R A C K (K 1 1 , T R A C K « 2 I

4C8 F O R M A T t ^ T ^ A N S F F R FUNCTION, T R A Y X FOR *A10,3H X , 4 1 0 , b X »
4C6 F O R M A T ( * T P A N S F E R FUNJCTIO^, T R A X Y FOR *A10,3h X , A 1 0 , 8 X <
4C7 CON = U E L T A T * * 2 / ( 6. 263 1 8t> 306*WCDN*\BLK )

00 409 '1=1, N S P C T
( i ) =( 1-1 i

I F ( O E N O M ) 414,414,415
414 RI( I )=0. * GO TO 409
415 RI ( I ) = C A 3 S ( S P E C T U )/ OENOM I *CON
409 CONTINUE

C
C PRINT ANO PLOT T R A N S F E R FUNCTION
C

PRINT 410, P L A B E L . U , X P L O T ( I ) ,R1 { I) , I =1 , NPR I i\T )
410 FORM AT ( / / * 1*6 A 10, / / 5X*I *3 X*FR EQUtNCY , * 7 X * T R A * 3 ( 9X*l *3X*F REU

1UENCY*7X*TRA* I / ( !6 ,2E13.5 , I6 ,2E13.5 ,16 ,2E13.5 , I6 ,2E13.5 ) )
NRCR07 = N R C R D 7 « - i
W R I T E J 7 ) P L A 6 E L . N S P C T , ( X P L O T t I ) , R I ( I ) ,1 = i , N S P C T )
PRINT 1000, K R C P D 7 , P L A B E L
C A L L PLOTN8 ( Y L A R E L , F R A M E L , 2 3 , X P L O T , K I , N S P C T , 0 , r l , F 2 , P L A B b L , 2 4 , I F F ,

11)
70 CONTINUE

RETURN
END
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