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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 1I
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 mély 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
Ay,By "~ Fourier coefficients
sz Bernoulli number
e base value for natural logarithms, 2.7182818284
E() expectation operator
f(t) continuous function ‘of time
fj frequency of data points in amplitude bin j
F(w) continuous function of w, Fourier transform of £(t)
FT(w) continuous function of w, Fourier transform of f£(t) defined on the
interval T
G(w) continuous function of w, Fourier transform of a linear system response
h(t) continuous function of time
H(w) continuous function of w, Fourier transform of a transfer function subje'ct to

input x(t) and output y(t)

Im() imaginary part of a complex number



i,k,,,m,n indices

keq 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

Ny number of amplitude bins

Nt total number of samples of time data

p period

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

Pf(w) continuous function of w, power spectrum of the time function 1(t)

P, power in the mth i/3-oct2;.ve band

Rg(7) - continuous function of time lag 7, autocorrelation function of £(t)

R (7) autocorrelation function (eq. (B4))

ny(T) continuous function of time lag 7, cross correlation function of x(t) and y(t)
Re() real part of a complex number

Sf(w) continuous function of w, power spectral density of £(t)

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

Sy (w) continuous function of w, power spectral density of x(t)

Sy(w) continuous function of w, power spectral density of y(t)

Sxy(w) continuous function of w, cross power spectral density of x(t) and y(t)



t time, sec

T time interval of length T seconds

u, (0,0 (@)
u, (1), U0 (w)

up(t), Up()

data-window transform pair

Hamming data-window transform pair

Hann data-window transform pair

Parzen data-window transform pair

Urp /2(t),UT /2(w) '"boxcar'' data-window transform pair

var( ) variance operator

W = e-iZﬂ/N

Wp data-window correction factor for correlation estimator

Wau data~window correction factor for spectral estimator

x(t) continuous function of time t

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

XT(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 w, Fourier transform of y(t)

z sequence of complex numbers generated from discretized time histories

N-1 )
zy sequence of complex numbers related to z; by 2y = Z sz]k

J=0



o significance level of a x2 distribution

B factor dependent on window chosen

yi.y(w) continuous function of w, coherence function of x(t) and y(t)
r() incomplete gamma function

o() Dirac delta function

A change

N mean value

v positive integer

02 variance of the random process x

¢k discrete phase angle, deg

XZ chi-square random variable

Xi critical value of xz

xg expected value of x2

w frequency, rad/sec

Wi Wp discrete frequencies, rad/sec

“’wfu Nyquist frequency, rad/sec and Hz, respectively

Mathematical notation:

~ estimated quantities

ro- 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

F(w) = .2177 S"Z f(t)e 19t gt - (1)

£(t) = 5_00 Flw)el®! dw | @)

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(w), and f(t) and F(w) are said to be a transform
pair. ' 4

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

1 T/2 -iwt
Fr(e) = = §-T/2 f(t)e i@t g 3)



When f(t) is known at N equally spaced discrete points covering the ent1re interval T,
FT(w) may be approximated at the frequencies '

27k
Wy, = = k=0,1,2,. . .,N/2) -
k N At ( y ’ /)

“by the discrete Fourier transform (DFT) given by

N-1
k At

£(j Atye 12mK/N (4)
m ]=0 . ~ .

FT(wk) = ( 1)

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, = n/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 w,, 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

N-1 -
- wik
Zy = Z z]W . (5)
j=0
where W = e'izﬂ/ N and' z. is a sequence of complex numbers. To evaluate equa-

tion (5), N2 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 = 20, 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
N2 to 2N log2 N, and considerable time is saved. However, the restriction that N be
a power of 2 is often undesirable; ~onsequently, 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

[-e] .
f(t) = -?0 z (Ak cos wyt + By sin wkt) 4 (6)

where W = 27k/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=NAt andif T = vp, where VvV is a positive integer, then emplbying these values in
equation (5) yields

A~ _2
Ak_-ﬁRe<sz> ]
k=0,1,2,. .. N/2v) : (7

& _ 2

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

- B,
¢y = arc tan —
Ag

-



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 cbrrespond to the fun-
damental frequencies in the signal, and smearing will result. Second, since the Nyquist
frequency occurs at the frequency w = 7N/vp, 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):

1 (7 iwt
F(w) =-—§ f(t)e 1¢" dt
27 V-0

- 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 A
FT(wk)= (-1) 2—;zk (k=0,1,2,. .. N/2) (8)
where
27k
Wy, =
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 £(t) may be obtained from

: 2
éf("l)) = %,FT(‘U)'

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

(9)

f(w ) 41rN

It will be shown in a later section that the factor At/47N 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 FT(w) and the infinite Fourier integral F(w).

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

Fr@) = o= | ug o) t9e™ < at Qo)

11



urfz (1)

-1/2 ‘ - /2

Figure 1.- The boxcar data window.

where Up /z(t) is the "boxéar" data window, as shown in figure 1. From the Fourier

frequency convolution theorem, equationv(lo) may be rewritten as

Foplw) = Sw F(w') Up jg(w - @) do’ - (11)

where F(w) is the true transform and the transform of Lo /2(t) is given by

Up/p@) = o ﬂ'ﬁ_}%@ | - (12)

Thus, FT(w) is seen to be the weighted average of the values of F(w) about w = w'.
As can be seen in figure 2, FT(w) -is an estimate of F(w), the true Fourier transform
of {£(t). Because of the duality of time-domain multiplication and frequency-domain

N, P nt— /'\/
s ; — W

Figure 2.- The average smoothed spectral estimate.
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convolution, the finite transform FT(w) at w = w' is an infinite sum of contributions
selected from F(w) by Up /z(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 /2 in order that FT(w) may
approximate F(w) 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 w'. 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

0 (t<-T/2)
u (t) = -21-<1 + cos %”") \ (T/25t=1/2 1)
0 ‘ (> T/2)
the Hamming data windbw gilvenAby
0 | (t < -T/2)
u, () = J 0.54 + 0.46 cos %”E (-T/2 St £T/2) (14)
0 (t>T/2)
.
and the Parzen data window given by
({2t 20t -
1- 6(—:1,—) (1 - T) (Itl= T/4ﬂ
3
up(t) = < z<1 - %) (ItI>T/4) F (15)
0 (t}>1/2)
| /

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

2
() ‘z%tlezkl 1)
where
W, =§°° u () at o an

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 powér spectral estiméte
§f(w) will be a random variable for each frequency w, 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[:gf(w):l

=g N
o] N

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

14



One simple way of aSsessing this variation is to assume that §f(w) is a chi-square
random variable. Then, '

| var[§f(w)]

_ .2
2
)

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

where keq

§f(w), and bounds on the variation may be obtained from the relation (see ref. 5)

k8.6 ' kK §
*ke (7’:) xkeq< ) 5)

with probability 1 - @, where « is the significance level and
2
X -
kg q(a) =b

* 2
S‘ p<x12( >dxk =«
b eq eq

2 .
keq
degrees of freedom.

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

with keq

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

2N
of freedom keq is shown in reference 1 to be —N—t, that is, g=1. For (2L - 1) blocks
~36 Nt
11 11 N’
is, B= 1 and is dependent upon the window used. In PATS, keq is calculated exactly

overlapping by 50 percent, as shown in figure 4, reference 1 shows that keq that

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




f(t)

BN ANVANVAN

’Ik—/—-/l\

Figure 3.- Nonoverlapping blocks.

f{t)

Figure 4.- 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 = 27/N At. Thus, the power spectrum is computed from equation (16) as

(19)

By(on) -
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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 Awp,, then me, the 1/3-octave power for band m, may be approximated by

i)mz Z Pf(wk> ~ A | (20)

Awm

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

-~

P

_m @1)

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;

9 .
Q _ (At) [
where
N-1 )
7, = Z x(j Aywik
j=0
| F _ 23)
N-1 .
z.' = ) y(G apwik
j=0

Py

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:
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- 00

ﬁf('r) = S‘w i@ §f(w) dw . ’ (24)

~Thus, the estimated autocorrelation function would be co_mputéd 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 sp'ectral estimate. As a result, the auto-
correlation function computed from equation (24) will be distorted for large values of - 7.
Thus, it is necessary’ tq introduce a new estimate

R, (1) = Wy gw Se(@)e'®7 dw (25)

whefe
- ;
2
S‘_w Uy (t) dt
R™ 7w

g ud(t) ud(t_+ T) dt

w

Note that the correction factor WR is a function of the lag T 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. -

s ’

’ \ , N : \\
V Al 74 A AY
‘ ‘\‘ {é I N —
N /| S e
RS (S ’ \\_/\v\,-—/ -
: kat overlap kat

[ —J — J (- )
Virtual data Real data Virtual data

Figure 5.- Illustration of circular correlation error.
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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.

kat overlap \// Kat

. — J
— J L —_—— _J

Zeros Data 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 génerated, 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(w) is the FFT of the input signal, the transform of the
filtered signal Y(w) is givenby Y(w) = X(w) 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,applicatiox{s may be found
in reference 3.

Estimates of Cross Correlation Functions

Cross correlation functions are coinputed from cross power spectral densities by
inversion through the use of the FFT. That is,
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© iwt
Ryy(7) =wR§_°o sxy(w)e“" dw (26)

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 m~v be estimated as

'.gxy(“’)lz'
Sx(@) §j(w)

75y (@) = (27)

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

9 5 .
= 8, (w) Sy(w) . 19.8)

8y

then 'y}z{y(w) = 1.

In the event that the system is linear, y)z{y =1 and an estimate of the transfer

function of the linear system may then be computed by

H(w) = S~xy(w) | ' (29)

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
accurécy (small number of degrees of freedom). Thus, a large number of blocks should
be averaged to get as accurate an estimate of yiy as possible.
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X{) —————— H{w) = yiD)

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 f]. ‘is counted
from a total sample of N; points. The resulting histogram is then plotted. '

fit)

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
f and sample variance 02 is generated. The sample mean {. is estimated from the

N Nt
X, 2
original data as [ = Z -ﬁJt- and the sample variance &2 as & = N 1 ] Z (xj - il) .
: = t =
j=1 _ j=1

The bin frequency f]- is then subtracted from the expected frequency th]., where &

is the Gaussian probability of the jth interval. The sum of the squares of these differ-
ences is compared with the xz distribution with ke q- (Nb - 3) degrees of freedom,
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where Ny, is the number of bins selected. The effective value of xz, or xﬁ, is com-

puted by
N 2
b : :
- f. - N.p-
ey (5 - Nepy) (30)
€ Nip.
=1 T th
The probability density functions of the XZ random variable are given by
o - k_ecl -1 .
k ‘o) 2 2
p(xz) = 9/2 1<—§—q><x2) X2 (31)

where n is the number of degrees of freedom. The critical value of XZ’ or xg, for

the o significance level may be found from equation (31). The normality hypothesis is

rejected when Xg > XE- The decision to reject the hypothesis, however, is left to the

user, as the value of xg is quite sensitive to Np. 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 55000g for loading
and executing the absolute binary version.

Six files are used by the program: TAPE1l, TAPES=INPUT, TAPE6=OUTPUT,
TAPE7, TAPES, and TAPE9. TAPELl 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 NAMELIST and FORTRAN READ
formats. It is equivalenced to the input file. TAPEG6 is a BCD file containing the output’
to be printed. It is equivalenced to OUTPUT and is automatically printed. TAPET is a
binary file containing output values of all spectra, correlations, coherence, and transfer
functions computed during execution of the program. TAPES8 and TAPE9 are random-
access disk storage files used for temporary storage. TAPE1 will be a magnetic-tape
file. TAPE7T 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 lérge‘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 ihe Langley Library subroutines used by PATS. Appendix H
contains the source listing of PATS.

OPERATING INSTRUCTIONS

Deck Setups forALangley Operating System
The following examples show deck setups for the Langley Operaﬁﬁg System.

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

JOB card

USER card
FETCH(A4119, ,BINARY, ,PATS)
NOMAP.
LINECNT,10000.

IREQUEST,TAPEL,HY. ' tape no.,ROL,
REWIND(TAPE1)

. SETINDF.

PATS.
1

See Langley Computer Programing Manual for format.
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RFL,10000.
DROPFIL(TAPE1)
| REWIND(TAPE?)
REQUEST,TAPE99,HY. SAVTP,RIS,your 3 initials, identification
COPYBF(TAPET7,TAPE99)

[y

DROPFIL(TAPE99)
EXIT.
RFL,10000.

DROPFIL(TAPE1)
REWIND(TAPE?)

IREQUEST, TAPE99 HY. SAVTP,RIS,your 3 initials, identification
COPYBF(TAPE7,TAPE99)
DROPFIL(TAPE99)
27/8/9
(Data card deck inserted here)
36/1/8/9
Deck setup 2.- Purpose is to fetch, compile, and execute the source version. Field
length required is 60000g. ;
JOB card
USER card
FETCH(A4119, ,SOURCE)
RUN(S, , ,SCFILE)
LINECNT,10000.
lREQUEST,TAPEL HY. tape no.,ROL,
REWIND(TAPE1)
SETINDF.
1.GO.

ISee Langley Computer Programing. Manual for format.

2End-of—record card.
3 End-of-file card.
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RFL,10000.
DROPFIL(TAPE1)

REWIND (TAPE?) | ’
IREQUEST, TAPE99 HY. SAVTP,RIS,your 3 initials, identification
COPYBF(TAPE7,TAPE99)

DROPFIL(TAPES9)

EXIT.

RFL,10000.

DROPFIL(TAPE1)

REWIND(TAPE?)
lREQUEST, TAPE99 HY. SAVTP,RIS,your 3 initials, identification
'COPYBF(TAPE7, TAPE99)

DROPFIL(TAPEQ9)
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.

1See Langley Computer Programing Manual for format.
2End-of-record card.

3End—of—file card.
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NAMELIST input format:

FORTRAN
name

$INPUT

ITFMT

NFSKIP

NRSKIP

SN
DELTAT
STARTT

OFFSCAL
NCH

SCALFAC

NPTOT

NREAD

IAUTOSP

26

Default
value

0.0

Parameter

type

w .

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
1/Sampling rate of input data

Starting time in seconds at which pro-

. gram is to start processing data from

input tape
Offscale 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().

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
channel i



FORTRAN Default Parameter

name value type
IAUTOCO 0 I
IFILTER 0 I
NCROSS 0o 1
ICROSS ) 0 ' 1
ICRSP 0 I
ICRCOR 0 1

ITRA 0 I

Description

Array of NCH codes for computing

autocorrelation:

1 compute autocorrelation for channel i

0 do not compute autocorrelation for
channel i

Array of NCH codes for spectral

filtering: 4

1 filter auto and cross spectra for
channel i ‘

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:

ICRQSS(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 compdte 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,
() = 8,y (@)/8xw)
-1 compute transfer function,
f(w) = Sxy(w)/8y(w)
0 do not compute transfer function for
pair i
27



FORTRAN
name

ICOH

LAP

IWINDOW

ITYPESP

NPRINT

IPLOTA

IPLOTC

28

Default
value

0

100

Parameter

type

I

s

Description

- Array of NCROSS codes for computing

coherence:

1 compute coherehcAe 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)



FORTRAN Default Parameter

name value type Description

IPLOTC 0 I 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

F1 0.0 - R Lower limit of frequency to be plotted
on narrow-band spectra plots

F2 20000. R Upper limit of frequency to be plotted
on narrow-band spectra plots

(If F1 and F2 are both zero, no narrow-
band plots will be made)

LAG1 -0 I Lower limit of the number of time lags
to be plotted on correlation plots

LAG2 0 I Upper limit of the number of time lags:
‘ ' to be plotted on correlation plots

(If LAG1 and LAG?2 are both zero, no
correlation plots will be made)

PCTC - 90. R Percent band to be used for calculation
of confidence band and level of signifi-
cance in chi-square calculation

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

DMAX 0. R Array of values of maximum readings
for each channel

DMIN 0. R Array of values of minimum readings
for each channel ‘

INZERO 0 1 " 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 Default Parameter

name value
NFILTP 0
FREQF 0.0
WGHTF 0.0
$

Input cards after NAMELIST input:

Card FORTRAN

no, name Format
1 YLABEL 2A10
2 TRACK 8A10

Description

Number of points in input spectral
filter:

0 no spectral filter

(maximum value=50)

Array of values of frequency for spec-

“tral filter

type
I
R
R
Parameter
type
A
A

Array of values of weights for spectral
filter

(user should be careful to specify points
close together where derivative of filter
function changes)

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
cai'd; 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 offscale 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 Ry, 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 ny(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 F1 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 TAPE7 when it is
computed. All calculated values are written. One record is created on the file in the

following format:

Word Type ‘ Description
1to 6 A Label describing function and channels -
T 1 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 depgndent variable
10 R Second value of independent variable
11 R Second value of dependent variable
NP + 17 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 55000g for the absolute binary version and 60000g
for the source version. To change this limit, NMAX must be assigned the desired value
in the prograim 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,
BLKS5, and BLKS in all overlays; assign the correct value to NCHMAX in MAIN; and make '
CMAIN dimension the larger of 4ANMAX+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 BLKS in all overlays and change
value in test in READIN (two statements after statement number 113).

Error Messages and Remedies
The error messages and suggestéd 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 FO_UR.IER TRANSFORM OF A PERIODIC SIGNAL

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

[ o]
f(t) = —2—0 Z (An cos wyt + By sin wpt) : . (A1)

where wj = 2Tm are harmonics of the fundamental radian frequency w = % 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-1
X = Z £(j Atye 127ik/N k=0,1,2,. .., N/2)
i=0

at the frequenc1es Wy = 2£k. 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 = vm.

Now, when t = vp, it can be shown that the finite Fourier transform of equatmn (A1)

is given by
Ag iB, T AL N
Xy = — N 6(k) + N z ———é(k- vn) + N z ~ [é(k- vn + IN) + 6(k + vn - zN)]
n=1 n=1 =1
-iNZ— [6(k-vn+lN)-6(k+vn-lN)]
s 4
n=1 =1

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 = ym. For this case,

A iB ) 0 .
Xym _ m'1 m 1 7 _i_Z -B (A2)
N *3 lN @_ 2 lN IN _
. =1 m/ fg\ prm om

The summation terms in equation (A2) involve aliasing of power from higher frequencies.
Note that the aliasing depends upon N/v, 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 f,, = 1/2 At = N/2vp. Assume that aliasing has
been removed, then

—_—

l2-2

|Xvm| VAm® +Bm

N - 2
and

By Im(Xym) ~
O Relom) -

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

p
Ap = % So £(t) cos wyt dt = 0

and

4M/nn (n odd)
n_—S‘ f(t) sin wjt dt =
0 (n even)

Thus, the square wave admits the Fourier series representation

[ ]
AM 1 o 2n(n- Dt

f(t) = —
© m 2n -1 p .
n=

(A4)
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The magnitude and phase of this representation are given by

0 ' (n even)
\’Anz + an

2 2M (n odd)
nm

and

B
1 _n- = tan-l(oo) =

=ta- E
-¢p n n 5

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 £(0) = f(p/2) = 0, the finite Fourier transform becomes

N-1 o
o Xy = Z (i At)e—121r]k/N

j=0
N,
2 . j N-1 j
M (e-121rk/N) oM Z (e-121rk/N)
=1 j=H+1
2
-12n15<§ +1>
- -ink -i27k N A2
_ 1-e 1) - mll-e 1-e
1- e-1271k/N 1. e-121rk/N 1 - e—1211k/N
gl ) eink)(e-iznk/N ) e-iﬂk)
- -i27k/N
l1-e
0 ‘ . (k even)
-2Mi cot l;i (k 0dd)

37



APPENDIX A

Thus,

e 0 (k even)

N Zi2M o TR (k odd)
N N
From equations (A2) and (A3), it can be seen that when k is even,
_ _7
An =0 and (bn = E
Further, when k is odd,
-1

X) 2 2Rijpy|, Bl B B
Iml k) . 2M 7k _2MIN _ Z | 2J|n_k k ZMZ | 2]'17k (A5)
N/ N N Nim o 2j)! \N T @) \N

where sz is é. 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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SPECTRAL ESTIMATION THROUGH USE OF THE FINITE FOURIER TRANSFORM

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

- (T/2 iy 1 Py -
Xp(w) = 5- S—T/Z x(t)e 1@t gt = - Lo ug () x(t)e ¢ at (B1)

where ud(t) is any data window which is zero for ltl > T/2. Then, the power spectral

estimate becomes

Aéx(w)AJT'IXT(w)lz:% : 5 dtlf ug(t1) ug(to) x<t1)«x(t2)e-iw(t1-t2) dy (®2

Taking the ensemble expectation of this quantity yields

B8] - Ti y: o “d(tlj ) R’x(tl | tz)e—iw(tl-tz) dty (B3
where
Ry (7) = S: 8, (wnel?'T do (B4)

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

E[§x(w)] =§'EL25 dtlg tl ug(ty dtzg § (w')e“*’ Tl g

=%§: () dw"lerS‘: uglts)e o 1c1t1—§ -l(w'_w)tz dty (BS)
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Now, define

V) = wye™t ot | (B6)

where Ud(w) will be real and even if ud(t) is even. Then equation (B5) becomes

E[§x<w)] - %Sm Sx(@") Uyl - @) Uyl - @) do’ =%§_w Se(w) U2 - w) do' (BY)

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. -

P
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

S: E[gx(“’)] dw = 2§ dtlj‘ 1) % tz) Ry(t - ta) dtp 5_: M), (B8)

and since
oty - ty) = 2%, S: eiw(tl-tz) dw . (BY)
equation (B8) becomes
S mlao] 25 0T 7 wft) st ol 1) o - 0)
500 02 () Ry(0) dty

- ﬂjw . o2(t) atz (B10)
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Since the total power in the signal is given by Rx(0), define a new estimate §X(w)
by the following equation:

S‘w ﬁ[§x(w)} dw = Ry (0) (B11)

Clearly, this estimate is related to the old estimate §X(w) by

Sx(w) = sx(w) | (B12)
where

Wy 5 dtl (B13)

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

éx(wk) 47N Izkl

the desired spectral estimate §x(w) is obtained:

2
§X(“’k) = zAﬂtwLulzkl (B14) |
The window correction factors for the various data windows afe as follows:
For the boxcar window,
Wy =T | | - (B13)
For the Hann window,
Wy =22 ’ | | (B16)
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For the Hamming window,
Wy = T(O.3974 +
And for the Parzen window,
151

=Tm
u 560
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(B17)

(B18)



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 Fourier transform of the e_stimated power si)ectrum; that is,

R, (7) =S‘°° S (w)e“‘” dw : (C1)

Thus,

E[ﬁx(T)]=§: B[S a0 ()

Now, it can be shown from the equations of appendix B that
Q _ 27 % ' 2 '
E(S;(w)]| = = Sy(w") Uy (w' - w) dw
Wy V-

Thus, equation (C2) becomes

E[ﬁx('r):, = %Sloo el®'7 Sx(w ')g dw Uy (w - w)e? w'-w)7 (C3)

u

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

E[fm'r)] - ;—’; f_w T 4w § dug Ug’(wg)e o
= 2—1 R, (7) S‘_: dw(; Udz-(wo)e—iw ! (C4)

Recall the definition (from eq. (B6))

- 1 "> -iwt
Ud(w) =3 S_w ud(t)e dt
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Further, since ud(t) is real and even for all windows considered in this report, Ug(w)
is real also. Thus,

U, 2(@) = Ug(w) Uy* (@)

=_1_§°° dt Sm dt' uy(t) ud(t')e‘i“’(t‘t')

41r2
and
w0 ~iw,T x %0 % —iw,(t-t'+7)
2 0 1 S‘ n 1 S‘ 0
== t dt’ t t) — d C5
S_w dwy Uy (wo)e AN d _w ugy(t) uyt) i I w e (C5)
However, |
LS‘ dwe'iw(t't'”) =6(t-t+7)
27 Yoo .
Thus, equation (C5) becomes
oo 2 -inT N 1 S‘oo
S‘_oo dwgy Uy (wo)e ) dt ug(t) uy(t + 7)
and
o0
S‘ uy(t) uglt + 7) dt
- oo .
E[Rx("r):' = — Ry(7) o (C6)
2
g.ao uy () at

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

Ry(1) = Wy géo S (@)el®T dw
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where.

[~}

5_00 udz(t) dt

WR =

o0
(7 ugt) ugte+m at
- 00 )
is again a window correction factor.

Note that for the boxcar window,

1  (t=1/2)

t) =
T/ 2( ) (otherwise)

o -

5 uT/zz(t) dt =T

and
. S T(l—'%l) (IT1<T)
u (t)u t+7)dt=
g -0 T/2 T/2 . (otherwise)
Therefore, i i
( -1 L "
T
( : lT_'> (<
WR = <
0 ~ (otherwise)
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APPENDIX D
" 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 th'e;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. Ifa 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

2 ‘ _ 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
9 - Frame count which starts at 1 for each
\% new serial number
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Word Type " Contents and Description
10 Floating ' Elapsed time in seconds; processing will
be controlled by ‘elapsed time within a
file; the increments in elapsed time may
not be constant
11 ) Data channel 1
12 ) Data channel 2
13 : Data channel 3
N + 10 ’ Data channel N, where N is the number
' VvV given in logical word 1
The relationship between frames and records is shown below.
Number of channels, Words per Frames per . " Words per
N ; frame record record "
1=N=10 20 25 500
10<N =20 . 30 , 17 510
20<N =30 : 40 12 480
30 <N =40 50 10 ~ 500
*30 < N = 100 110 4 440
*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 four records of the file. The formats for the records in each

file are as follows:

Record 1 ID Record

Word
1
2
3

© W I o

11
12
13

14

15
16
17
18
19
20-21

Name Format
KEY A
NN ' I
IWD I
KCH . I

. NFR I
ID(1) A
ID(2) A
ID(3) F
ID(4) A
ID(5) A
ID(6) F
ID(7) A
ID(8) A
ID(9) F
ID(10) A
ID(11) A
ID(12) F
ID(13) A
ID(14) *I
ID(15-186) 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(Z) second ID parameter = NUMBER
Second parameter = the test number
NAME(3) = DATE

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

PARAMETER(3) = YEAR X 10000 + MONTH
X 100 + DAY

NAME(4) = BIAS

UNITS(4) = SECONDS
PARAMETER(4) = GMT time bias
NAME(5) = ENGR ID

“UNITS(5) = 2

PARAMETER(5) = Engineering identification '
(two words) ' ‘

*When thé 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.

8



APPENDIX D
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 includihg time will have a name.

Record 3 UNITS Record

Word Name Format : : Description
1 KEY A UNITS
2 NN 1 Number of unblocked parameters plus num-

ber of blocked parameters

3NN +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 S | - Number of remaining words on

the record (IWD + KCH * NFR)

3 XDATA(1) F First word of IWD words of
UNBLOCKED data (FRAME
COUNT, e.g.)

4 + IWD ZDATA ZDATA(ILJ) 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 - 1)/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

NCH + 2 Data channel NCH

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

Read card
input data

Read one block of
tape input for each
required channel

Calculate Fourier
transform for each
channel and store
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 PSD

auto
spectral
ocutput desired

Compute auto
spectrum selected
by ITYPESP

Print auto spectrum
in tabular form and
write on binary
output file

Are both
F1 and F2
nonzero
?

Print fanfold plot
as indicated by
IPLOTA

correlation

desired for

Calculate inverse
transform from
auto PSD

Calculate
autocorrelation

'
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Print autocorrelation
in tabular form and
write on binary
output file

desired
auto functions
complete

Are any
cross functions
requested

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

Apply spectral
filter if desired

Compute cross PSB]

=
&

Y

Is cross

Compute cross
spectrum selected
by ITYPESP

Print cross spectrum
in tabular form and
write on binary
output file

Print fanfold plot
as indicated by
IPLOTC

correlation
for this pair
desired

Calculate
cross correlation
from cross PSD

[

Print cross correlation
in tabular form and
write on binary output file

&
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H

Compute TRAXY or TRAYX
from auto and cross PSD's

Y

Print transfer function
in tabular form and write
on binary output file

coherence
for this pair
desired -

Compute coherence
" from auto and cross
PSD's

Print eoherence in
tabular form and
write on binary ouput

Are both
F1 and F2

nonzero
?

Print fanfold plot

Are both
F1 and F2

nonzero
?

Print fanfold plot

Are all

cross functions

complete
?

No
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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
PLOTNB

'FANFOLD
FOURT

READIN

csSQ

FUNC

BLOCKS

READTPE

54

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

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

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

Reads NAMELIST and FORTRAN READ input, checks for input errors,
and prints informational messages, including accuracy measurement of
spectral estimators

References CSQ

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

Funct1on subprogram used by CSQ to evaluate the chi-square probablhty
function

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

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



TRAN

HANNING
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, HANNING, HAMMING, PARZEN, FOURT

Weights the input array by the Hann data window
Weightsl 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, appliés 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 den51ty 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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CROSS

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 ’



APPENDIX G
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'(:ertain 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 accoxjdance 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) ' : °

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: 262g locations for the CDC 6000 series.

Subprograms used: ALOG, ALOGI10.

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, 19170.
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. Function GAMMF

Language: FORTRAN

Purpose: To compute the incomplete gamma function

[=e] -
rax = ehudlay
X

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

Use: Y = GAMMF(A,X), where GAMMF(A,X) is defined as the integral from X to « of exp(-p) times pu
to the (A-1)th power du.

Restrictions: Xz 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.

(@If A=0,
I'0,X) = E4(X) = -|v +10g(X) + Z ('nxlil'l N
n=0

(b) If A = -N, for some positive integer N,
’ N-1 i
{-1\N _1Vir
I(-N,X) = (‘;) E(X) - e X Z (YN
N! i X
. j=0
(c)If X=0,
o
I(A,0) =§ e Hufly, - ra)
0

which is the complete gamma function.

A rational Chebyshev approximation is used:

(d) For A#0, X< \.’A+ 1,

_ LA N -x)"
(A% = T(4) - X n%O (A + n)n!

(e) For A#0, Xz \||A|+'1,

rax)—eXxp(l.1-A12-4A2
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 610g locations.

Coding information: GAMMTF itself is a branching function which according to the valuesof A and X
calls the following functions:

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

[=¢]
), w B
(A + n)n!.
n=0
(b) GCHEB(A), which computes by a rational Chebyshev approximation TI'(A)
(¢) GFRAC(A,X), which computes the continued function for I'(A,X)
(d) GAMNEG(IA,X), which computes TI(A,X) when A is a negative integer IA

{Because of the representation 6f numbers in the CDC 6600, of A =-N t ¢, where € > 1.E - iO, 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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Language:

APPENDIX G.

Subroutine ITR2

FORTRAN

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

Use:

X

DELTX

FOFX

El

E2

MAXI

ICODE

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

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

’

AX, the size of the scanning interval

The name of a function subprégram to evaluate F(X)

Relative error criterion

Absolute error criterion

A maximum iteration count supplied by the user

An integer supplied by ITR2 as an error code; this code should be tested by the user on

return to the calling program:

0

e W N e

normal return

maximum iterations are exceeded

DELTX =0 or negative )

a root cannot be found within the given bounds
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
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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 withina 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

1t ‘xll > €,

éel

}st-l
Xy

I Xi§€1,

‘Xi - X

<
=€Z

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

9) 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: 103g locations.

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

Error messagés: (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 logical 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

1. - ) The recor:d number o;' record name depending‘up_on the indexing mode set by theAinitial call’
to OPENMS '

Restrictions: The file'must have been opened by a cailv 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: 131g 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: Mafch 29, 1971,
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Subroutine RECIN

Language: COMPASS
Purpose: To read binary records written by the subroutine RECOUT(J1.1).

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
1T 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 B
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(1), 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(1), 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(EOFi). '

The buffer size must be at least 2001g.
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: 301g 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 wifh-
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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Subr(_)utine 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 a;rayé):

CALL RECOUT(LUN,IT,IEOF,L1,L2,. . .,LN), where
LUN Logical unit number o L
IT Type, équal to1l
IEOF Equal to 1if an end-of-file flag is desired, other;wise 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 51274 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(1), ARRAY(2).
2. CALL RECOUT(1,2,0,ARRAY, 1,20,1).
Write a record containing ARRAY(1) through ARRAY(20). This is equivalent
to WRITE(1) (ARRAY(I), I =1, 20).
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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 2001g. A normal FORTRAN buffer is this size.
Files wrltten with RECOUT must be read with RECIN.

If the list to be written in a logical record is larger than 51110 CM words then RECOUT offers no
advantage and should not be used. .

If the programer wishes to write a file 'coritai'ning 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/0 routines and equipment results. To decrease this I/O time,
RECOUT blocks binary data into an optimum record size (51215 CM words) in a central memory buffer
before transmitting it to the actual disk or tape file. -

Storage: 3203 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
descr1b1ng 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 20018
4. BAD PARAM COUNT — The number of parameters in the call was 111ega1

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 Bis 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 coefﬁpients.

N The order of A; 1 =N 2 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 coluinn vectors in B,

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

ALE
DET(A) =(10100) 54 F pETERM)
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 ﬂoatmg-
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: Iy, i5.1, . . ., I1.
If these transformations are applied to a matrix B of constant vectoi's, 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 transferréd

1 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

OVERLAY(PATS,0,C)

PROGRAM MAIN(INPUT,D UTPUTyTAPcl TAPESL=INPUT,TAPEOL= OU1PUT,TAFtl,
1TAPEB,TAPED)

COMMON CMATIMN(4102)

CMATIN MUST BE DIMENSICNED 4*NMAX+6

OO0

KNDEX MUST BE DIMENS IONED NBCMAX +2

DIMENSION INDEX(129),KNDEX{8G21
COMMON/3LKL/STARTT ITEMT 9y NBLK, IPUW2 NCH, NPRINT, IPLGTA, IPLOTC,UFESC
1AL, DELTAT,SNyNRSKTP,LAP,NCROSS, ICRISS(2420) s NCHF, YLALEL &)y IWINUOW
11FLyF2y ITYPESP y WCON,MESKIP y IFF,LAGL, LiG<

COMMON/ BLK2/TCH (141, CHSUM{ 141 s NIFF (14 )y CHSUMSG( L4) 5 STGMA (147 yRMS(1
14)y MEANC14) g SCALFACL i4) yCHSUMI(L4) s TRACK (14) s ICHANCL4) , IFILTER(L4)
COMMON/BLK3 /NPT yTMAX JNPTO2,NSPOT L UELF 4 N64,NPT1 28

1, INZERG, NREADNPTLT

COMMONZBLK4/NMAX yNCHMAX y N6CMA X
COMMON/BLKS/PCTC NBINS, OMEX {14}y DMIN(L4) ,UBIN(L4) ,BINS{ 10U, 14)
1,CHISQC

COMMON/BLK6/ISAVEG4, IR 15 IXPLOT, 1DATA, IZ,1SPECT
COMMON/BLKT/TWCRC(11) ,
COMMON/BLKS/TAUTOSPU14) , TAUTOCO( L4) 3 ICRSP(20) s ICRCOR(20) 5 ITRALLG),
LICOH(20) ‘
COMMON/BLKI/NETLTP FREQF (5005 WGHTH(5C)

COMMON/BLK 1O/NRCEDT

DATA NRCRNT7/0/

NMAX=1024

NCHMAX=14

NBCMAX=80C

12=1R1=1

IXPLOT=1RI+NMAX+4

ISPECT=ISAVEG4=TIXPLOT+NMAX+2

IDATA=ISAVEL4 +64%=NCHMAX

PATS=4HPATS

CALL OPEMMS(9, INDEX,129,0)

CALL OPENMS (8 KNDEX,NBCMAX+2,()

PRINT 100¢C

1000 FORNAT(1H1//////////23X1H’43(ZH )/ 23XLH%RBOXIEX /25X 1H*8X*P R O G R

1 A M FOR ANALY S TS 7 F TIME S EK I & S*sXiHx*
2/723X1H*85X1H*®/ 23X1H*5X*%L o GeBROWN, ToJeBRUWNY AND JoCoeHARDIN FOR A
3COUSTICS DIVISION, NASA-LRC, 1973%3X1H%/23X1IA*35XLH* /23X1A%43( ¢H

4%))

c

c READ MNAMELTIST AND CARD INPUT

c

100 CALL OVERLAY(PATS, 1,0}
C
c READ ONE BLOCK CF INPUT TIME SERItS DATA FUR NCH CHANNELS FrUM
c BINARY TAPE AND STORE CN RANDOUM ACCESS FILE
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COMPUTE FOURTER TRANSFORM FOR NCH CHANNELS ANU STURE ON RANUOM
ACCESS FILE
REPEAT UNTIL ALL DATA [S FEAD ANU PRUCESSED.

CALL OVERLAY(PATS,;2,0)

AVERAGE NBLK FOWER SPCCTRA FOR EACH CHANNEL FOF AUTO SPECTRA AND
APPLY SPECTRAL FILTERo. COMPUTE AUTUCORRELATIUN. PRINT FANFULD PLOTS

CALL OVERLAY(PATS,3,0}

TO COMPUTE CRDSS SPECTRA _
GET NBLK TRANSFORMS FOR BOTH OF THE CAANNELS IN EAChH SELECTED PAIR
AVERAGE THE PRULUCTS FUR NARROW BAND SPECTRA. COMPUTE CROSSCURRELATIONS,
COHERENCE, AND TRANSFER FUNCTIONS..PRINT FARFULD PLUTS.

IFINCRNSS.6GTo0) CALL OYVERLAY(PATS,4,0)

GO TN 100

END _
SUBROUTINE PLOTNB(YLABEL, FRAMEL ,NFyXPLOT ¢ KTy idSPCTyILUGYF L F2yPLABL
1LyNP, IFF,TSEARCF)

DIMENSION YLABEL(2) s FRAMELLL) 9XFLOTCL)yRI(L) yPLABELES) JFEIDISI,
LIDEN{6)

ILOG ~ CODE FNR TYPE JF SCALE FOR AXES

B('TH SCALES LINEAR
HORIZ, SCALE LOG, VEPT. SCALE LINEAR
HURTZ. SCALE LINEAR, VERT. SCALE LOG

BOTH SCALES LUG

" uwn
SV o

OPTINANS 1 AND 3 ARE NIT USED BY PATS

TLOGPL=TLNG*L
IF(ISEARCHGEQ.D) €0 TN 6

Jl=1 & J2=NSPCT

DN 1 I=1,NSPCT

J=1

AF(XPLOT(T)eGiEeFLl) GO TO 2

CINT INUE

J1=J $ TF(ILNGEQalaORMTLOGeEJe3) JL=HMAXC(Jiy2)

DO 3 I=J1,NSPCT

J=NSPCT-1+J1 ‘

IF(XPLOT (J)eLEoF2) GU TU 4

CONTINUE

J2=4

NFW=NF/1G $ TFINF®10oLToNF) NFw=NFw#l

NFP=NF /10 $ TF(NFPX1O.LTJNP) NFP=NFP+L
IF(JLeLT.02) GO TO 5

PRINT 920, (PLABEL{T),I1=1,NFP), (FRAMEL(I)I=1,NFi)

900 FORMAT (#J4ANDWICTH FIR PLOTS TOD NARRuUw*/* NU PLUT GENERATED FOK

116417)
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43003

100
103

1C5

106

112
113
108

114

1¢7

902

. 601
24 RETUON
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RETURN

NPLT=J2-J1+1

IF(NPLOTLCELNSPCT) GO TO 1GC

MOVE PLOTTING REGION TO BEGINNING OF ARRAY
DO 4002 1=J1,42

J=1-U1+1

XPLOTULJ)=XPLOT ()

CONTINUE

DO 4C33 I=J1,42

J=l-Jl+1

RICJI=RI(T)

CONTINUE

CONTINUE

GO TO (1C54105+10641561),1L0GP1

LINEAR VERTICAL SCALE

CALL ASCALE(RI 104 ¢NPLOTy1,4104)
YMINSRI(NFLOT+L) $ YMAX=YMIN+10a #*RI(NPLOT+2)
GO 1O 107 .

LOG VERTICAL SCALE

SMAX=-10C.

0N 108 I=1,NPLOT & ITF(RI(T)) 112,112,113
RI{I)=-1CJ. & GC TO 108

RICI)=ALOGIGIRICI)) $ SMAX=AMAXL(RI{I),SMAX)
CONT INUE

IMAX=SMA X

IF(IMAXe LTo SMAX) TMAX=IMAX+]

IMIN=IMAX-5

YMIN=RI(NPLOT+L}=IMIH & YMAX=IMAX $ KI{NPLOT+2)=.5
DO 1'l4 I=1,4NPLOT )
IF(RI(IV4LTaYMIN) KI(T)=yYMIN

CONTINUE

CONTINUE

IF(IFFERLD) GO TO 24

[F(NPLOTL3TL256) NPLOT=256
FFIO(1)=YLAREL(1) -$ FFIND(2)=YLAZEL(2) $ FFIUL(3)=FRAMEL(L)
FRIDIG)I=FRAMEL(2) $ FFID(S)=FRAMEL(3) ‘
IF(ILDGeGTo L) ENCODE(54,901yIDEN) PLABEL
IF{ILNGoLES 1) ENCODE(60,9C2, IDEN) PLABEL
FORMAT{S5X,5A1C,5X)

CALL FANFOLD(RIZNPLOT 3 {31y NPLOTy TUENy L%y Loy YMAX s YMINy FF IU g NFWH2Z,
1132404 XPLNT yYHFREGUENCY )

FURMAT(#LTG *%A10)

END

SUBROUTINE FANFOLU(PLOT gNPT 3 KyNFy NMAX ) TUEN,CHAR g PNURM, PMAK, PMIN,
IYLEBEL yNYLy LINE TWRITEX, XARRAY,, XL ABEL)

DIMENSION PLOT (NMAXy L) o CHAR(L )y IDEN(S,1),Pin0ORMIL) yYLABELLZ)
Ly PMAX{L )y PMINCL ),PSCALE(LO),PLINE(Lca ) XARRAY (1)

TF{LINE=-12C) 747,06

NCHAR=104 & GO TO 9

8 NCHAR=124
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9 CONTINUE
IFINFaGTL15) NMF=1C
PRINT 900, (YLABEL(I}yI=1yNYL)
900 FORMAT(=*1%48K8410)
IF(IWRITEXeENeO) GO TO 1IC .
PRINT 907, (XLABEL J=L196)y (U XKARRAY(J))pJ=1yNPT,4K)

9CT FORMAT(//41X*ThHE *A1Os% CUDE SCALE IS AS FULLOWS*/5X*C00UE *ALC, 4
16X%5CODE  *AL1C)/ (184t 14eb5yI8yELl4oDyloyclé4e59y139E1405,18,E14e5))

100 CONTINUE :
NSKIP=0
IFINPY/K-15}) 16,16,17

16 NSKIP=2 $ GO TO 13

17 TFINPT/K=-25) 18,415,13

18 NSKIP=1

13 CONTINUE
v0 1 I=1,\NF
TE(PMIN(TIoNESPMAX(I)}) GG T L
PMIN(CT}=PMAX(T)=PLOT (L, 1)
DO 2 J=14MPT,K
OMINCIY=AMINL(FMIN(I),PLCT(J,1))
PMAX{T)=AMAXLTLUPMAX(T),PLUTLI,1))

2 CONTINUE

1 PSCALE(I)=(PaAX{I)-PMIN(I)}IXPNORIM(T)/ (NCHAR=Y.}
PRINT 901, (TyCHAP(I) y CIDENE I I)9I=195) PNORMOL) 4 PMAX(T ) yFmiNGT ),
1PSCALE(T )y I=14NF)

901 FORMAT(///58x*PLOTY DESCRIPTICN®/* FUNCTION*OTAXSCHLER/* NO o %4 X*(
LHARACTER*SX*¥TDENTIFICAT PONRITXRFACTUR*Y X R MAX [MUMREXEMINTHUMKORFRES
ACLUTTONR/{TISyGX AL 54X 501C,4E1i5.51))

PLINE(2)=1H( & PLINE(NCHAR)=LlH) 3 PLINc(1l)=1H
{FINCHAR ,EQal24) PRINT 9C2
IF(NCHARGEQa104) PRINT 995

G902 FORMAT( //20K*4 1 2 Z 3
1 3 4 4 5 5 6 6 7 7 d 8 9 9 L
2‘) 10 ]-l 11 LZ*/:’JX*O;...s...-C.o0050--oOooou')o.oo‘:}.éo-b-oo

Bcc'neooboeoooqooostaooOo’ooob‘ooocoooeo500ooOoo-ob..a.Oo...Doo.oOo.oo
‘f5.oo-:ooo-5.uooG*) )
905 FOIrMATH //72CR%] 1 2 Z 3
1 3 4 4 p) 5 6 6 7 7 IS 3 g 9 1
20%/10X%D s0e05ev0eloeoelec0elocosslaosocensslesselosssleceslonsedone
3.0....5....0....5...!0....5..0000.00500ro*’
IFINSKIP,cUe2) GN TO 25
DO 21 I=1,NSK!IP
21 PRINT 903
Y08 FORMAT(1H )
20 COMTINUE
DN 5 I=4,NCHAF
5 PLINE(I-1)=1H
D0 4 I=11\”:
P=(PLOT(Jy I)-PMIN(I))I/PSCALE(T)
IP=P+3,5
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[IF{IPLEL2.s0RLIPGESNCHAR) GO TD 4
IF(PLINE(TP).NELIH ) GO TO 6
PLINE(IP)=CHAR(T)
GO TO 4
6 PLINE(IP)=1HX
4 CONTINUE )
PRINT 903y Jy(PLINE(I),I=1,NCHAR)
903 FORMAT(18,12441) :
IF(NSKIP,.£Q.0) GO TC 3
VN 19 T=1,NSKIP
19 PRINT 908
3 CUNTIMUE
TFINCHARLEQ.L24) PRINT 9G4
TFINCHARGFW.104) FPRINT 906
904 FURMAT(10)(*0000oS.a-oOoooo5ooooUoo.n‘)ooooOocooSoa_ooco-oo300000..00 ’
15.0..0..’65....o....b..‘.»o'...S....r‘. 0005000000 ...b..,..o...‘.ﬁ....o
3%/ 20A*] i 2 2 3 "3 4
1 4 5 5 ) 6 T 7 5 ¥ v 9 10 10 1
21 11 123%)
906 FOR.MAT(I.OX*0.0.ob.ol-.O.500500000000050000000005000000900booo.ooco.

15‘...0..'.5..l.O....S'...O..I.5....U....b‘.oco*/zox*l 1 ‘
2 2 3 . 3 4 4 5 5 [ [ 7 7 3 B
39 9 10 =)
"RETURN
END _
SUBROUTINE FOURTI(DATANNyNDIMyISTIGNyIFORMyWURK) 0uldé
. [PORVECY
"THE COOLEY-TUKEY FAST FOURIER TRANSFORM 1IN USAST BASIC FGRTR T0uGH
QCTH
TRANSFUORM(KLI K2 1e00) = SUM(IDATA(JUL9J2 10 e )XEXP{ISION*Z2%pPI%SQ GGLo
FOIJL-L)HAKLI-L)/NN(L) #002=- L)% (K2=1)/NN(2 )}teuel} )y SUMMEU FOR ocul
Jly, K1 BETWEEM 1 AN NN(1), J2, K2 BETWEEN 1 AND NN(Z2), ETC. Q0Us
THERE IS NC'LIMIT TG THE NUMBER QOF SUBSCRIPTS. UDATA IS A : OCuy
MULTIDIMENSTIONAL CIOMPLEX ARRAY WHOSE REAL ANO IMAGINARY 0040
PARTS ARE ADJACENT IN STORAGE, SUCH AS FUKTRAN IV PLACES THE “Oll
1F ALL IMAGINARY PARTS ARE ZERO (UATA ARE DISGUISED REAL),y S . 0CLe
IFORM T2 ZERO TO CUT THE RUNNING TIME BY UP TO FUORTY PERCENT vCl3
OTHERWISE, IFCRM = ¢, THE LENGTHS OF ALL OUIMENSIONS ikt Julse
STORED TN ARRAY NN, OF LENGTH NDI, THEY MAY BE ANY PQSITIV Juio
INTEGERSy THO THE PROGRAM RUNS HASTER IN CUMPOSITE INTEGERS, cClo
ESPECIALLY FAST ON NUMBERS RICH ‘IN FACTQORS UF TWO. ISIGN IS o117
OR -1, IF A -1 TRAMSFORM IS FCLLOWEL BY A +#1 UNe (CR A ¢} uCla
BY A -1) THEE DRIGINEL DATA REAPPEAK,y MULTIPLIED BY NTUOT (=NN CC1ly
NN(2)*s0eld, TRANSFUSM VALUES ARE ALWAYS CUOMPLEX, ANU AKE KE UJd Lo
IN ARRAY DATA, REFLACING THE INPUTe IN ADDITION, IF ALL S o2l
DIMENSTIONS ARE NOT POWERS OF TwU, ARRAY WUORK MUST BE SUPPLIE GGel
COMPLEX OF LENGTH EQUAL TC ThHE LARGEST NON 2#%%*K UIMENS UGN Cu2s
OTHERWISE, REPLACE WIRK BY ZERO IN THE CALLING SEQUENCE,. 0024
NORMAL FORTRAN CATA OROERING IS EXPECTEL, FIRST SUBSCRIPT vA 0S5
FASTEST, ALL SUBSCRIPTS BEGIN AT INEe Uu2o
: vie?
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APPENDIX H

RUNNING TIME IS MuCH SHORTER THAN THE NAIVE NTUT*%2, BEING
GIVEN BY. THE FOLLOWING FCPMULA, OECUMPOSE WNTUT INTO

2%%K2 ¥ 2%%kK3 %k S5%%FKS % ,eee LET SUMZ = 2%KZ2, SUMF = J%K3 +

t aee AND NF = K3 + KY ¢ s0e0 THE TIME TAKEN BY A MULTI-
DIMENSTONAL TRANSFORM ON THESE NTOT DATA IS T = TO # NTCT=(T
T2%SUM2 # T3%SUMF +T4%MF) e N Trik COC 33Cu (FLOATING POINT ADD
OF SIX MICROSECCNDS), T = 3000 + NTGT*({500+43%SUM2+68% SUMF +
320%NF) MICRNSECUNDS ©ON COMPLEX DATA. IN ADOITION, The
ACCURALY 1S GREATLY IMPROVED, AS THE KMS RELATIVE ERFUx 1S
BOUNDED BY 3%2%#(-B)*SUMIFACTOR(JI*¥145), WHEKE B IS THE UM

OF BITS TN THE FLCATING PDINT FRACTION AND FACTOR(J) ARE THt~

PRIME FACTHORS OF NTOT,.

THE DISCRETE FNURIER TRANSFORM PLACES THREE RESTRICTIONS uPO
DATA,

le THE NUMBER OF INPUT DATA AND THE WNUMBER OF TRANSFURM VAL
MUST BE THE SAME.

2e BNTH THE INPUT DATA ANU THE TRANSFGREM VALUES MUST REPRES
EQUISPACED PGINTS IN THEIR RESPECTIVE DCMAINS GF TI'ME Anv
FREQUENCYs CALLING THESE SPACINGS DELTAT ANJ DELTAF, IT mMUS
TRUE THAT DELTAF=2%PI/{NN(I)*DELTAT)s UF COURSE, DELTAT NEE
BE THE SAME FOR EVEKY DIMENSIGN.

3o CONCEPTUALLY AT LEAST, THt INPUT DATA AND THE TRANSFURM
REPRESENT SINGLE CYCLES OF PERIJDIC FUNCTIONS.

EXAMPLE 1. THREE-DIMEMSIONAL FORWARD FOURIER TRANSFORM UF A
COMPLEX ARRAY DIMENS TONED 32 BY 25 BY 13 IN FORTRAN [Ve
DIMENSION DATA(32, éble),WURK(bO),NN(S)

COMPLEX DATA

DATA NN/ 32,25,13/

D0 1 I=1,32

DO 1 J=1,25

D 1 K=1,13

DATA(I,J,K)—CPMFLLX VALUE

CALL FOURT{DATA Nivy3,-191yWNORK)

EXAMPLE 2o 0OME-DIMENSIONAL FURWAKD TRANSHORM OF A RLAL ARRA
LENGTH 64 IN tN2RTRAN 11,

DIMENSION DATA(2,464)

DG 2 I=l,64

DATA(L, I )=REAL PATTY
DATA(2,1)=C.

CALL FOURT(NDATA,6441,~-1,040)

DIMENSTON DATE(2),NN(L) ,THACTI32) 9 WORK( L)
Wl=1600
w?=1.?0

MWSTPR=1,(0

ASTPI=1.C2
TWOPT=56,2831853C7
IFINDIM=-1)920,1,1

CC2d
00cY
CC30
Ouol
U032
GG33
vi3a
cG35
uC3o
0C37
U0sd
Glsy
vl4d
0%44
0Ca9
sV
viubl
005«
ulb3
UG54
oib5
UCho
L7
0C5H
03059
vloU
oCol
UCos
CCo s
OLos
GCoo
0Coéo
0Lo67
uCod
LOLY
0C70
GC71
0072
v0i5>
0074
Qo175
voTo
oC77
0Gi7a
c079
olBu
0081
(VIR-¥4
Guba
0Cb4 -
V085
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1 NTQT=2 0Cuo

DD 2 IDIM=1,NGIM ocut
TFINN(IDIMYIOGZU 4920y 2 ulbBo
2 NTOT=NTUTHENN(TDIM) . v 0089
C ’ VC9u’
r MATN LOUP FOR EACH DIMERS TUN 00v1
C 0CYy¢Z
NP1=2 CL93
DM 910 IDIM=1,NDIN 0094
N=NN(TDT#M) UCY5s
NPZ=NPL1*N CC96
TF{N-1)G214900,5 oyl
C 0CY%0
C FACTOR N ‘ CCY9
s ) © 0100
5 M=N . ) Civi
NTWO=nP ] : Jloe
1F=1 : : 0103
IDIV=2 . Olué4
19 [QUOT=M/IDIV ©0l0b
[REM=H-10TVX1QUCT ) Y RVE
TF(IQUONT-1DIVISCylLsil . ULu?
11 TF{IREM)22,12,2C 01038
12 NTWO=4TWI+NT WO ' Cloy
M=1QuUNT : Gllu
50 70 1C , 0111l
29 “Iulv=3 . vli2
30 1QUDT=M/IDIV ULl3
[REM=M=-TOIV®ICUCT ' Gli4
IF(IQUAT-TIDTIVISLC,31, 31 - : CLid
31 IF(IPEM)40,32,4C . ' glie
32 - IFACT(IF)}=IDIV : uLit?
IF=1F+] CL18
M=T9unrT . _ 0119
GO TQ 3c . 0128
4¢ 10TV=101Vve2 0121
GL TN 30 . - 0lz2
50 IF{IREM)I GOy 51,0C . 0izs
51 NTWO=NTw¢#NT WD Gle4
GO TO 7C Qled
60 IFACT(IF)=M ‘ » 0126
C : - 0127
o SCPARATE FOUR CASES-- ules
C le COMPLEX TRANMSFIRM (R RPEAL TRANSFOKM FGR THE 4Th, 5THsE 0129
o DIMENSIGN S, 0l30
C 2+ REAL TRANSFOKM FOR THE 2ND CR 3RD DIMENSICNe METHUD-- 0i3l
o TRANSFORM FALF THE DATA, SUPPLYING THE OTHER HALF BY C Uise
C JUGATE SYMMETRY, ’ Ul33
C 3. REAL TRANSFUKM FOR THE 15T DIMENSIUN, N 0ODDe METHOL-- 0134
c TRANSFORM HALF THE UATA AT EACH STAGE, SUPPLYING THE G 0L3%
o HALF dY CCNJUGATE SYMMETRY. Ol 30
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C 4o REAL TRANSFCRM FOR THE 1ST UIMENSIUN, N &VENe MELTHOD- . Cist
c TRAMSFOPM A COAPLEX ARRAY UF LENGTH iv/¢ WHUSE KREAL PAK Cliw
C ARE THE EVEN NUMBERED REAL VALUES ANU wHDSE IMAGINARY Gl35
c ARE THE CGCU NUMBERED FEAL VALUESe SEPARATE AN SuPPLY Jlwd
C THE SECCUND RALF BY CONJUGATE SYMMETFY. Olal
C ) Olac
70 NUN2=NPL1x(NP2/NTW() Jia3
ICASE=1 : - Ol44
IF(IDIM-4)T71,9C,9C ' o ulay

71 IF(IFNRM)T2,72,49C . 4 ol4o
72 ICASE=2 : ‘ vlat
[F(IDIM-1)73,73,90 . Glas

73 ICASE=3 Jia9
IF(NTWO-NPL)SC,9C, 74 : VYT

74 ICASE=4 . ' vl5i
NTWO=NTW(}/ 2 A Oloz

N=N/2 g : visvi
NP2=NP2/Z : ‘ Ulba
NTOT=NTOT/2 Cibs

T=3 : : - Oive

00 80 J=2,NT0T : T 3157
DATA(J}=DATA(Y) . _  (los

80 I=1¢2 : 0159
90 TLIRNG=NP1 : S ’ o Jrec
 IF(ICASE=-2)1uCy$5,10C » ' i 0lol

95  T1FNG=NPO*(1+NPPEV/2) ) ' Ulo2
c _ : . ' : vles
C T OSHUFFLE UM THE FACTORS .UF TWO IN No AS THE SHUFFLING ) {loé
C . CAN RE DOME 3Y SIMPLE INTERCHANGE, MG WORKING ARRAY IS Neiuvk © Olo>
c - “iob
105 IFINTWD-NP1)6TC 600,110 : Clet
110 NP2HF=NP2/2 : ' . 0ios
J=1 OleY

DO 150 12=1,NP2,NGN2 : iry
IF(J-12)120,130,4133 N . Glil

120 | TIMAX=I24NIN2-2 : : ) CLt12
DO 125 11212, 11MAX,2 : N o 01175

DO 12% 13=11,MTCT,NP2 ULla
J3=J+13-12 - oL175
TEMPR=DATA({I3) : _ Ji7e
TEMPI=DATA(I3+1) cL17
DATA(T3)=nATA(J2) il
DATA{I3+1)=DATA(J3+¢L) Gily
“DATA(J3) =TEMPK : : N Clev

125 DATA{J3+1)=TEMPI Oisi
130 M=NP2HF ' Gise
140 IF(J-MI150,150, 145 : _ "~ Olo>s
145 J=J-M Jldae
. M=M/2 i G155
[F{M-NONZ2) 150, 14G, 142 vlco

150 J=J¢M O1lb7

1



OO0 O0O0

31¢
32¢

330

340
350
36V
370

390
400

405

410

420

430
440
450
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MAIN LOQP F£OR FACTORS OF Tuwle. PERFURM FUJURICR TRANSFORMS QF
LENGTH FOUR, wITH ONE OF LENGTH Tw0O IF NEEDED., THE TwWIlDULE
W=EXP(TSIGN#*2«PI%SQRT (=11 *M/(4%4MadX))e LCHECK FUR w=I>I1Gi=%*SQ
AND REPEAT FOR w=ISIGN*SQPT(-1)*CUNJUGATE (W)

NON2T=NON2 + NON 2
IPAR=NTWO/NPL
IF(IPAR=-2)350,33G,320
IPAR=IPAR/4

GO TO 310

DO 340 T1=1,11PNG,2

DO 340 J3=T1,HNCN2,NPL

DO 340 K1=J3,NTCT,NONZT
K2=KL1+NON?2

TEMPR=DATA({K2)
TEMPI=DATA[K2+1)
DATA(KZ)=DATA(KL}-TEMPR
DATA(K2+1)=UATA(KL+]l)-TEMPI
DATA(KL) =DATA(KL) +TEMPR
DATA(KL+1)=DATA(KL+L) ¢TEMPT
MMA X=NON2
TF(MMAX=-NP2HF ) 37C,6U0,060C
LMAX=MAXO(NIN2T yMMAX/2)
1F (MMAX~NON214C5,405, 380
THETA==TWIPI*FLCATINONZ) ZFLOAT( 4% i4MA X )
IF(ISIGN)4C0s39C,390

THETA==THETA ‘

WR=COS(THETA)

WI=SIN(THETA)

WSTPR==2 %W *W]

WSTPT=2, *WR ¥W1

DO 570 L=NON2,LMAX,NON2T

M=L. :

IF(MMAX=NON2)42C,420,410
W2R=WREWR-W %W

W2T =2 *WR*W!

W3RZW2R*WR=W2 1 %W]

W3T=W2RXWI + W2 T % WR

00 530 11=1,1LRNG,2

DN 530 J3=T11,MON2,NP1

KMIN=J3+IPAR%M ,
TF{MMAX=NONZ)43C,430,44) )
KMIN=J3 :

KDIF=IPAR®MMAX

KSTEP=4%KDIF

DO 52C K1=KMIN,NTOT,KSTEP

K2=K1+KDIF

K3=K2+KDIF

K4=K3+KDIF

1F{MMAX=-NON2)46C,46C,480

Olus
71489
Uiyl
0191
J19¢
J1l93
Jlva
Clyd
ulvo
Gle?
vwlSo
Cl9y
ueul
el
0z02
VPAVE
Czus
VPO
O0zCo
veui
Q2¢8
0209
(P4
Ocil
G212
Ccl3
L2214
Geld
0216
0ci7
Glls
0219
020
Uzl
Lield
0zel
ulz4
0225
Ue2e
Geet
Gectd
0229
0230
sl
0232
VK]
vela
Cead
J230

0237

U2ss



46G

47

475

492

" 5C9

510

520

530

549

550

APPENDIX H

-

ULR=DATA(KL)+DATA(K2)
ULT=DATA(KL#1)+CATA(KZ+L)
U2R=DATA(K3)I+LATA(KS)
U2T=DATA(K3+1 ) +CATA(Ka+L)
U3R=DATA(KLI-UCATA(K2)
U3T=DATA(KLI+1)~CATA(X2¢])
IFCISIGNY4TCyaT5,475
U4P=NATA(K3I¢L)-CATA(KSG+])

Y4l =DATA(KGI-CATALK3)

G0 TC S10
J4R=LCATA(K4+L)=-0ATA(K3+])
UeT=DATALIR3)-DATA(KS)

G0 TN S51¢C
T2R=W2RADATALK 2 )-w2I =DATA(K2+])
T21=W2R*DATA(K 2+ 1)} +w2I¥DATA(K2)
TAR=WR*DATA(K2 ) -wI¥DATA(K3+1)
T3T=WRADATA(KZI+ 1) +WIXDATA(KS)
T4R=W3R*DATL(KG ) =w3T#DATL(KSG+])
T4T=W3R*DATAIKG+L )+ 31 5UATAIKSG)
ULR=DATALIK L) ¢T 2R
ULT=DATA(KL#L) T2
Y2R=T3R+T4R

U21=T31+T4!

U3R=DATA(KL)-T2R
U3I=DATA(KL*L)=-T21
TF(ISIGNI&Y0,5CC,5U9
J4R=T31-T4! )

Uel=T4RrR-T3R

GO T 510

U4R=Ta[-T37

Usl=T3R=-T4r

DATA(KL) =H1R+1: 2R
DATA{KL#+1)=Ull+i2T -
DATA(K2 ) =U3ReD4F
DATA(K2+11=U3] tL 4!

DATA(K3) =1LR-U2F
DATA(K3+1)=ULI-12]

DATA(KSG) =U3R-1J4R
DATA(KG+1)=U3[=-U4l

KAIN=4% (KMIN-J3)+J3
KDIF=KhSTEP
TFIKDIF-hP2)650,535,534
CONTINUE

M=MMA X=t4

IFLISIGN 54N 950,550

TEMPR=WP

WR=-WI

W1==-TEMPR

GO TN 50¢

"TEMPP=WR

WR=W]

U239
0240
U24l
024c¢
w243
0244
0245
U246
0247
02486
3249
0220
Uedl
G252
ueb3
G2oé
Je5o
Ues0
Ges7
Gebo
Q2599
0260
Gzt
G262
0203
C264
Ugob
C2eu
Qcol
J268
0zoYy
Cell
Gl
0272
0213
u2iae
0275
0276
w217
0278
0279
g280
2ol
Ueul
Qc63
0284
0205 .
(0941
0287
0265
J26Y
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WI=TEMPP - J29u

56C  IF(M-LMAX)5659565,410 0291

565  TEMPR=WR , 0292

WR=WRANS TPR—WI&WSTPI +WP GeYs

570 WI=WI*WSTPRETEMFREWSTPI +WI . ) 0294

IPAR=3-1PAR , ~ G295

MMAX=MMA X +MMAX 096

GO TO 360 0297

o . vevs

o MAIN LONP FOR FACTORS NUT EQUAL TO TWO. APPLY THE TWIDODLE ¥ 0299

C W=EXPLISION*2#P [%SQRT (=11 *(J2- L) *(JL-J2)/(NP2XTIFP L), THEN . G306

o PERFORM A FOURIER TRANSFORM OF LENGTH IFACT(IF), MAKING USE 0301

C CONJUGATE SYMMETRIES, 0302

o g3u3

600 IF(NTWI=-NP2)605,7(0, 700 , 0304

605  IFPL=NON2 ‘ ‘ V30>

1F=1 G306

' NPLHF=NP1/2 : 0307

610  1FP2=IFPL/IFACT(IF) 0308

JIRNG=NP2 o 0309

IF{ICASE-3)612,611,612 03190

611  JIRNG=(NP2+IFP1)/2 0311

J2STP=NP2/ IFACT(IF) . Jg3le

J1RG2=(J2STP+1FP2)/2 ‘ © 0313

612  J2MIN=1+IFP2 : © . G314

IF(IFPL=-NP2)€15,640y 040 ' 3515

615 DO 635 J2=J2MIN,IFPL,IFP2 0316

" THETA=-TWOPI*FLCAT(J42-1)/FLOAT(NP2) 05117

IF{ISIGN) 625462C4620 G318

620  THETA=-THETA : 03i9

625  SINTH=SIN{THETA/2.) : . ' €320

WSTPR==2,%SINTH*SINTH 03zl

WSTPI=SIN(THETA) : 0522
WR=WSTPR+1, ) 0323 -

WI=WSTPI 03c4

JIMIN=J2+TFP] - 0325

DO 03% J1=J1MIN,JLIRNG,FPL U326

TIMAX=JL +TLRNG=2 v327

D0 630 11=J1,11MAX,2 : 0328

D3 63C I3=T1sNTCT,NP: 0329

J3MAX=T3+IFP2Z-NPL ' C>30

D0 630 J3=13,J3MAX,NP] : 0351

TEMPR=DATA(J3) ¢332

DATA(J3)=DATL(J3)=WR-DATA(J3+1) %Wl 0333

630  DATA(J3+1)=TEMPR#*WI+DATA(Jo+1)*WR 0334

TEMPR=WR : G335

- WR=WRFWS TPR=WI*WSTP +WR T 0536

635  WI=TEMPR*WSTFI+WI*WSTPRWI : G334

6490 THETA==TWIFI/FLCAT(IFACTLIF)) 0538

IF(ISIGN)IB5C, 645,645 0339

645  THETA=~THETA 0340
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650

655

660

665

670

675

680

685
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SINTH=SIN(THETA/2.}
WSTPR==2o #SINTH*S INTH
WSTPI=SIN(THETA)
KSTEP=2*N/T1FLCT(IF)
KRANG=KSTEP*{ IFACT(IF)/2) +]
D2 698 I1=1,11RNG,2

CN 698 13=T14NTCT,NP2

DO 69C KMIN=],KRANG,KSTEP
JIMAX=I3+#JIRNG-TFFL

DO 63C J1=13,J1MAX,IFP1
J3MAX=JL+IFPZ-NF1

D] 680 43=J1,J3NMAL,NPL
J2MAX=J3 +1FPLl-TFP2

KsKMIN#(J2-J1¢{J1-13)/TFACT(IF))/PLAF"

IF(KMIN=-1)655,€55,065

. SUMR=C‘.

SUMT=C. *
DO 66C J2=33,J2MAX,1FP2
SUMR=SUMR+DATA( J2)
SUMI=SUMI+DATA(J2+1)

WORK K )=SUMR

WORK (K+1)=SUMI

G0 TD 686

KCONJ=K+#2* (N-KMIN+]1)

J2=J2MAX

SUMR=DATA(42)

SUMI=DATA(J2+1}

OLDSk=0.

oLnNsI=0.

J2=92-1FP2

TEMPR=SUMR

TEMPI=SUMI .
SUMR=TWOWR*SUMR-0LDSR+DATA(J2)
SUMI=TWOWR%SUMI-CLDSTI+DATA(JZ+1)
OLDSR=TEMPR

ULDSI=TEMP]

J2=J42=~1FP2

1F(J2-031¢75,675,670
TEMPR=WRXSUMF-CLDOSR+DATA(J2)
TEMPI=WI*SUMI
WORK{K)=TEMPE-TEMP]

WORK (KCONY ) =TEMFR+TEMP ]
TEMPR=WR=SUMI-QLDST+DATA(J2¢+1)
TEMPI=W] *SUMK .
WORK(K+1)=TEMPR+TEMPI

WORK(KCONS#1)=TEMPR-TEMPI]

CONTINUE
IF(KMIN-1)685,685,0686
WR=WSTPR+1,

WI=wWSTPI

60 T0 690

0541
Us4ac
0343
C344
C34>
U340
03417
344
U349
VELTS
Csdi
0352
5353
U354
Y
Cono
357

VELY:

€359
030U
vibi
030c
U303
0364
03065
Coobo
g3e1¢
036b
V369
0s7v
u3ii

0372

G313
G374
031>
0316
0371
G348
v379
0580
381
vi3sd
3303
0364
U35
0360
C3u7
0388
0339
0360
0391
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686

6990

691
692

6973

OO0

696

697
6398

OO0

701

702
703

82

TEMPR=WR
WR=WR*WSTPR~WIXWSTPI +WR
AI=TEMPR WS TP T+ I*WSTPR +WI
TWOWR=WR +WR -
IF(ICASE-3)092+€51,692
[E(LEPL-NP216G5404924692
K=1

[2MAX=T3 ¢NP2-NP L

DO 6G3 12=12,T12MAXK,NP1]
DATA(I2) =ARK(K)
DATA(IZ2+1)=wORK(K+])
K=K+2

GO 1M 698

COMPLETE A RCAL THRANSFORM IN THE L3T DIMENSION,

APPENDIX H

JUGATE SYMMETRIES AT EACH STAGE.

J3MAX=T3+IFP2-NP]

DO 697 J3=13,03MAX4NP1
J2MAX=J334MP2=-§28TP

DO 697 J2=43,J2MAX,J42STP
JIMAX=J2¢J1RG2~1FFP2
JICNJI=J3+I2MAX+J2STP-J2
D0 697 J1=42,J1MAX,IFP2
K=l+J1-13

DATA(J1) =wIRK{K]}
DATA(JLI+1)=WORK(K+1)
IF(JL—JZ)697y6§77096
DATA{JLICNI)=WORK(K)
DATA{JICNI+ 1) =— WCRK(K+ 1)
JICNJ=JICNJ~-1FP2
CONTINUE

IF=IF+1

IFPL=1FP?2
IF(TIFPL=-NPLITCCy7(5y610

COMPLETE A PEAL TRANSFCRM IN THE 1ST UrMENSIJNy N EVEN, BY C

JUGATE SY-METRIES,

’

GO TN (990 ,80C,6CN,7T21),1CASE

NHALF =N
N=N+N
THETA==TWIPI/FLCAT(N)
IFCISIGNYTO3,7C2,702
THE TA=-THETA
SINTH=SIN{THETA/2.)
NSTPR==2,%SINTH*SINTH
WSTPI=SIN{THETA)
WR=WSTPR +1,

WI=WsSTPl

IMIN=3

G392
0393
0394
0395
0390
Q3917
0393
G399
G400
Javl
0402
U433
0404
0405
04006
04C7
04038
0409
0410
041l
0412
04l
U414
J041i5
0410
0417
0418
0419
0420
04214
O4cle
Ca23
Uala
0425
420
0427
0420
V429
V430
V431
V432
Ua33
0434
0425

" 04306

0437
0438
0409
C440
44l
0442
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JMIN=2%NHALF-1 0443
GO TN 725 Ca44
710 - J=JMIN 044>
DO 720 I=IMIN,ZNTCT NP2 J440
SUMR={DATALI)+CATALJ) )/ 20 Caal
SUMI=(DATA(I+1)+CATA(J+1))/2. 0445
DIFR=(DATA(I)~DATA(J) )/ Ze L449
OIFI={DATA(I+1)-DATA(J+1) /2, : ‘ ' G456
TEMPR=WR%SUIM] + I%*DIFR 0451
TEMPI=WI*SUMI—WR*DIFR 0452
DATA{I)=SUMR+TEMPR Q453
DATA(T¢1)=DIFT+TEMP! - 0454
DATA(J)=SUMR-TEMPR : Ue55
DATA(J+#1)=-DIF I+ TEMP] . : 0456
720 J=J#NP2 Qant
IMIN=IMIN®2 ' 0458
JMIN=JMIN-2 0459
TEMPR=WP : ULy
WP=WRENSTPR-WIXWSTPI tWK : 0461
WISTEMPREWS TP ¢ [%WSTPR ¢ ] Q402
725 IFCIMIN=JUMIN)71C, 730,740 . 0463
730  IF(ISIGN)IT31,74C,740 : Geod
731 DO 735 I=IMINGNTOT, NP2 Caud
735 DATA(I#1)==DATA(T+1) A 04066
740 NP2=NP2eNP2 040l
NTOT=NTOT+NTOT 04638
JENTOT+1 C469
IMAX=NTQT/2+1 0417C
745 ITMIN= 1HMAX=2 #NHALF . C4ll
I=IMIN D4l
, GO TO 755 . ) ’ vals
75C  DATA(J)=DATA(T) Cala
DATA(JS+1)=-DATA(I+]) 0als
755 1=1+2 ' Calo
J=J-2 . d4lt
IF(I-IMAX1750,76C, 765 043
762 DATACU)=DATACIMIN)-DATACIMING]) : G419
DATA{J+1)=Co Uadu
IF(I-4)770,78C, 780 vébl
765 DATA(J)=DATA(I]) ‘ N4y 2
DATA(J+1)=CATA(L+1) " 0435
776 I1=1-2 .Gaba
J=J-2 : _ vabs
IFCI-IMIN)I 775,715,765 ) Ca4bo
775 DATA(JY=DATALIMINI+DATACIMING]L) V4ol
' DATA(J+]1)=0o J4 b0
IMAX=IMIN 0409
G0 TO 745 : _ C499
780 DATA(L)=DATA(L)+DATA(2) : 0491
DATA{21=0, , 0492

60 TO 900 . U4y
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CCMPLETE A REAL TRANSFORM FOR THE 2NU OR 3R0U DIMENSION BY
CONJUGATE SYMMETFRIES.

IECILRNG-NPL1) BLC54900,900
DO 860 13=14NTCT NP2
[2MAX=13 ¢NP2-NP1]

NO 860 12=13, I12MAX4NPL
IMIN=I2+TLRNG
IMAX=12¢#NP1-2
JMAX=2%]3¢NPL~IMIN
IF(12-13)3820,82(,81C
JMAX= JMAX+NP2
IF(IDIM-2)85C,€E5C,83Q
J=JMAXENPO

N0 840 I=IMIN,IMAX,2
DATA(I1=DATA(J)
DATA(I+1)==-DATA(JI+])
J=J=-2

J=JMAX

00 860 I=IMIN, INMAX,NPO
DATA(I)I=DATA(J)
DATA(I+1)=-DATA(J+1)
. J=J=-NPO

END GF LOOP GM EACH DIMENSTUON

NPO=NPL

NPLl=NP2

NPRE V=N

RETURN

END

DVERLAY (PATS,1,C)

PROGRAM READIN -

COMMON/BLKL/STARTT,I1TFMT ,NBLK, IPOW2,NCH,NPRINT, IPLOTA, IPLUTC,0FFSC

lAL,DELTATvSN'NRQKIPyLAPyNCROSSyICROSS(ZpZO)vNLHP YLADEL(Z),ININUDN

LyFlsF24y1TYPESP yhCUNyNFSKIP,IFFyLAGL,LAG2

COMMON/BLRKZ/ICH(L14),CHSUM(14) yNOFF{14),CHSUMSQ(14),SIGMA(LSG]), PMJ(L
14)1MEAN(14)ySCALFAC(l%),CFSUML(LQ)yTRACKilwiylCHANllQ),lFILTER(lQ)

COMMON/BLK3/NPT yTMAX yNPTC2yNSPCT 4 DELF yN64NPT(GLZ8
1,INZERO,NREAD,NPTOTY

COMMOM/BLK4/NMAX s NCHMAX yNBCMA X

COMMON/BLKS/PCTC, NB(NS,DMAX(14I,DMIN(l#i;UBIN(L4lyBINS(LOOyL4)
1,CHISQC

COMMON/BLKS/TAUTOSP(IQ),IAUTDLO(IQ],ICKSP(ZU),ICRCUR(ZC)'ITRA(&L),
LICOH(2D)

COMMON/BLKO/NFTILTP,FREQF (50) s WGHTF(50) .

NAMELIST/INPUT/ ITFMT yNFSKIPyNRSKI Py SNyDELTAT ) STARTT,IUFFSCAL yNCH,
L1SCALFAC, NPTOT,NREAD, TAUTOSP ,JAUTGCI,NCKOSS,ICROSSyICRSP; ICRCOK,
2ITRALIZOHy LAPy IWINDOW,y ITYPESPyNPRINT, IPLUTA, IPLOTC,,FL,F2,LAGL,LAGS
3 . JPCTCyNBINS,DMAXsDUMIN, INZERUyNFILTP, FREQFywGHTF, IF ILTER

0494
0495
J4956

.0457

G490
0499
05uC
0501
05u¢
U503
05Ce
0505
05C6
05017
C5ub
0509
051¢C
Chlil
0512
C513

-0%l4

U515
0510
G511
0518
0519
0520
0521
Ghe2
0523
0524

0525



aNalel

laNeNel

aNelel

5902
5021
5CC3

5004

103
101

311
313
312

904
310
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DATA NFILTPFRPEQFWGHTF, IFILTER/O9100%C e y19%G/

DATA TAUTOSP,TALTOCC,ICRSP,y ICRCUK ITRAZICOH/10GB8%0/

DATA IFFLAGL,LAGZ2/14+G,4GC/

DATA MESKIP/O/ .
DATA YTFMTySTARTT,‘LH,NRSKIP'SCALFAC,OFFSCAL,LAP,NCRDSS,1CRUSS:
INPRINT, IPLOTA, [IPLOTC, IWINDOWyFL,F2,ITYPESP/

22900 915%Cy 1 4% ) e 3lat€942%0y 100919 l9hle e y20000ae92/

DATA 1D, CHAN/2HID, 4HACHAN/

DATA PCTC/902./ ’ . )

- DATA INZEROGNSBINS,OMAX DMIN/2%(C,20%0,/

READ AND PRINT NAMELIST INPUT

READ INPUT

IF(EQCF,5) 1,2

SToP

READ AND PRINY FORMATTEUL CARD INPUT

PRINT INPUT

- READ 5302, YLEBEL

READ 5002y (TRACK(I)sI=19yNCH)

FORMAT(BALC)

PRINT 5001,y YLABEL .

PRINT 50023, (1,TRACK(T),yI=14NCH)

FORMAT(//* CASE TD*S5X1H%®ZAL0, 1H*)

FORMAT(/ /% CHANNEL TOX/3X%NUe ¥/ {I594XALD))
PRINT 50204 ' ) :

FORMAT (% ] *)

CHECK INPJT OATA, PRINT ERROR MESSAGES

NPT=NREAD

MBLK=NPTCOT/NPT

TF(MNCHeLEs NCHMAX) Gl TO 1C1
PRINT 103, HCHMAX

STNP 103

FORMAT(///% NCH GT%I3,%, PROGRAM WILL NUT READ TAPE CORRECTLY. JOb

1 TERMINATED*)
CONTINUE

IFINFSKTIP) 310,21C,311

DO 312 IFSKIP=] 4 NFSRIP

REAND{L) SKIPREC

TF(EDF,1) 312,213 )

CONTINUE $ PRINT 604, NFSKIP
FIRMAT(//6H * % #%,15,20K FILES SKIPPED * x %)
IFCITYPESPWLTL3) GO TO 9C

NCRASS=D

DO 91 I=1,NCH )
IF(ITAUTOCO([).GTL0) [AUTOCO(])=0D -
CONTINUE
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PRINT 92
92 FORMAT(/ /% AMPLITUDE SPECTRUM OPTIGN CHOSEN®/* ONLY AUTO SPECTRUM
IWILL BE CALCUL ATED*) :
90 CONTINUE
ICORR=0
DG L16 I=1,NCH
TF(TAUTOCO(T)LECLO) GO TQ 116
ICORR=1 :
IF(IAUTOSP(T)LEC.C) TAUTOSPI(T)=-1
L16 CONTINUE
IF(NCRDNSS) 118,116,108
108 UN 110 I=1,NCROSS _ _
JI=ICRIASS(1,1) §& J2=1CROSS(2,1}
IF(IAUTOSP(J1)+EQ.O) TAUTOSP(JL)=~1
IF(TAUTOSP(J2) .EQ.0) TAUTOSP(J2}=-1
IF(ICRCOR(IINESC) GO TO 117
TF{ITRA{I).NE.C) GO TO 211
IFLICOH{TaNEL. D} GO TO 211
GO TO Ll0
117 ICORR=]
211 IFCICRSP(1)4EQ.C) ICRSP{I)=-1
110 CONTINUE
118 IF(ICORREQ1 e ANDLINZERNGEQLO) PRINT 907
907 FORMAT(//1CTH * * * YOU MAY HAVE CLRCULAR ERROR IN YUUR CURRELATIOC
INS BECAUSE YOU FAVE NOT ASKED FUR ZERU INSERTION * x #*)
IF(INZERDLEQ.0) GN TD 109
NPT=2%NPT
PRINT 901, NPT : ‘
901 FORMAT(//%* ZERQO INSERTION INCLUUED FOR ALL CAANNELS. B8LUCK SIZE IS
1%17)
"109 DO 3% IK=1,NCH
- NOFF (IK) =0
CHSUM(UIK)=CHSUMSQ(LIK)=0.
CHSUML(IK) =0,
35 CONTINUE
1POW2=0 $ NTEMP=NPT
203 IF(INTEMP-1) 20:0,20C,202
202 I1POW2=1POW2+¢1 $ NTEMP=NTEMP/2 $ GO TO 203
200 IF{2%*¢1POW2.NELNPT) S0 TU 201
PRINT 207
207 FORMAT(//% BLOCK SIZE IS A PUWER OF TwO. FAST FOURIER TRANSFURM Wl
1LL SE USED*)
IF(NPTLLELNMAX) GC TO 205
PRINT 206 $ ST0OP 207
201 PRINT 204 A
204 FORMAT(//% BLOCK SIZt NOT A POWER OF TWO. SLOW FOURIER TRKANSFURM W
1ILL BE USED=®) :
IF(NPTLLELNMAX) G TO 2C5
PRINT 206
206 FORMAT(//% BLNCK SIZE TON LARGE FUR DIMENSIONS PRUVIOED. JOB TERMI
LNATED*)
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STOP 2Ce
CONTINUE

. NPTC2=NPT/2,

NSPCT=NPLOTSNPTCZ & IF(NPRINT.GT.NPTOZ) NPKINT=NPTO2
TMAX=NPTDELTAT

DELF=1e/T4AX

NPTO128=NPT/128

IFUINZERG.EWe 04 CRJLAPLENLC) GU T 1114

PRINT 902

LAP=0 :
FORMAT(/ /% N} .50 PERCENT OVERLAP ON (ERU INSERTIUN RUNS*/% INPUT
LOATE ALTERED, LAP=D )

CONTINUE

IF(LAPSNE.D) wWHBLK=2#HBLK-1

NCHP=0

N3 80 I=1,NCH

IF(IAUTASP(T)) 8ly8U,61

NCH2=NCHP +1

ICHAN(NCHP ) =1

CONTINUE

IF(NCHP) 32,82,83

PRINT .84 A ,
FORMAT(//% INPUT INDTCATES MU CHANNELS TU ot PRUCESSED, CASE ENDED
1%) '

- STOP 101

83

307

306

S03

CONTINUE

IFINCHP2NBLK, L EaNBCMAX) GO TO 306

PRINT 307, NCRP,NBLKyNBOMAX

FORMAT{/ /% NU. CF CHANNELS TO BE PROCESSED (NCHP) =%]5/% NUe OF 4L
1NCKS (NRLK) =%]5//334 NCHF * NBLK GREATER THAN NBCMAX=,I5//% EXECU

2TION ENDED. CHANGE DIMENSTOMS TO FIT YOUR CASE AND RERUN®}

sTaP 7
CONTINUE
N64=NCHP %64

COMPUTE ACCURACY MEASUREMENT OF SPECTRAL ESTIMATORS

IF(LAPLEQsD) MOCF=2%NHBLK ¢ [F(LAP.NEeu) NUUF=146364%(NBLK=1)

CALL CSQUU10C.+PLTCI/2.4NDOF,BU»BL,ICADE)

BL=1CJ./BL ¢ BU=1T0,/5U

PRINT 9G3, PCTC,BL,kU

FORMAT(///58H % % % ACCURACY MEASUREMENT UF SPECTRAL ESTIMATOURS
L* % =x//% ASSUMING NIFMALITY COF DATA, USER CAN BE*F5.,0,% CEKRTAIN*/

2/% THAT THE SPECTREAL ESTIMATE IS WITHIN THE BUUNDS OF *//F5,0% Pt
3RCENT AND=*F5,0,% PERCENT OF THE TRUE SMCUTHED SPECTRUMX%)

COMPUTE CRTITICAL VALUE OF CHISQUARE FOR NORMALITY TEST

IFINBINS.GT.1G0) NRINS=10G
IF(NRINS,FQ.0) GO TO 113
DO 112 I=1,NCHP

87



coo

OO0

88

APPENDIX H

K=ICHAN( )
DBIV(T)-(DMAX(K)—OM!N(K))/NBINS
DO 112 J=1,NRTNS
112 BINS(J,1)=0,
NBINSM3=N3INS-3
CALL CSQIPCTC,NBINSM3,BL,BU,ICODE)
CHISQC=NBINSM3/BL
113 CONTIHIUE
IF(NFILTP.UUe) GG 1D 114
[F(NHILTPLLFa5C) GO TO 115
PRINT 905 .
935 FORMAT(///755H % * % INPUT EKRUR, NFILTP GT 50, EXECUTION ENOED * %
L *) :
STOP N6
115 PRINT 906
906 FORMAT{(//L26H #* * * SPECTRAL FILTERING UPTION SELECTED. CURRELATIO
INS WILL BF CALCULATED FROM FILTERED SPECTRA FOR CHANNELS SPECIFIED
2e¢ X ¥ X))
114 CONTINUE

COMPUTE DATA WINDOW CORRECTION FACTUR +0OR SPECTRA

CAPT=HREAO*¥DELTAT $ [WINOPL=IWINDUW+1
GO TN (3C),30193C2,303),1WINDPL

300 WCON=CAPT $ GO TO 304

301 WCON=CAPT*,375% $ GO TO 3Cé4

302 WCON=CAPT*,7136727029 $ GO TU 30«

303 WCON=CAPT*,2696428571

304 CONTINUE

CORRECT PLOT- LIMITS

IF(FlolTeDs}) Fl=Co
FMAX=NPTOQ2*DELF
IF(F2.6GToFMAX)Y F2=FMAX
IF(LACL oL Toa-NSPCT) LAGL=-NSPCT
- IFUILAG2e GF«NSPCT) LaG2=NSPCT-1
IF(LAC2.GELLAGLY GO TO 3CH
=LAG2 & LAG2=LAGLl % LAGl=L\
305 CONTINUE
RETURN
END
SUBROUTINE CSQ(P, N,BL,BU,ICUD&)
EXTERNAL FUNC
COMMON/PROBF/ Ay G
A=N/2.
Q=P /100,
FIND JPPER BOUND
CALL TTRZ(CHISW1eCOLly100Ce 1o FUNCyleE~06410E-6,100,IC00EI
TIF(ICADE~3) 1,1,2
2 BU=]l.E+12
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GO T0 3

BU=N/CHISQ

Q=1.,-Q

FIND LOWER BOUNC -

CALL TTP2(CHISQ9eCCl)100CeslesFUNCyrLleE-0ylaE~0y 1L, 1C50C)

IF(ICODE-3) 4,4,5
BL=0.

GO TO 6

BL=N/CHISQ

RETURN

END .

FUNCTION FUNC(CHISQ)

COMMON/PROBF/A,C
DIMENSION H60(15) :

DATA Hb!‘/-.0118, 2 0L6T ) =a 0033y =000L0ye0CLL92%eV0CHsaUdLdy=e0{ D2y,
].'0C'OO61 .OLCS,-COUZ’ oOUl’I’.OJ‘O},.O\)DZl

IF(A=-15) 141,2

X=CHISQ/ 2. , _

FUNC=Q~GAMMF( A, X)/GAMME (A 404
GU 10 3

X= ((CH'SQ/(Z.*A))**(l /Jo’-(l.-l./($ *A))D/SQRT(I /(l ®*A))

IX=X/6e5 $ TF(IX*¥45.6TeX) IX=1X~1 & Ix=IXt8 & IF(IX) 0jr0,f1

IE(IX-15) Y¥,8,6

IF{IXeLTWsl} GO TO 6

XREM=X<-({IX-8)*45

IF(XREM) 9,9,10

HNU=(30¢ /A) *HO60 (IX)

GO 70 11

HNU= (30./\)*(HOC(IX)*XREM*(HbO(XX*l)-HOO(IX)l/ 5)

60 TA 11

HNU=0o
CONTINUE

X=X +HNU

AX=ABS(X)

X2=AX*¥AX $ X3=AX*¥X2 % X&4=£X%X3

PMINUS]L==45%( 1, +.196854*AX+ 115194%X2+6 00U344%K3+e 01527 %K p2%(~ 4.
1)

IF{X) 445,5

FUNC=Q-(1lo +PMINLSL)

GO 70 3

FUNC=+¢PMINUS1

RETURN

END

OVERLAY(PATS,2,C)

PROGRAM BLOCKS
COMMON CMAIN(L)

CCMMON/BLKL/STARTTyITFMT 4JNBLK, IPCWZ 9 NCH, NPRINT, IPLUTA)IPLUTL,UFFSL
1AL, DELTAT, SN,NRCKIPyLAP'N(R0559ICRUSS(Z;ZU)1NCHP;YLA65L(&)1INIHUON
14F1,F2,1TYPESPy WCCNy,NFSKIP, IFF,LAGI'LAGZ
COMMDN/BLK2/ICH(14),CHSUM({ L4), VJFF(14)1CHSUMSQ(l4’ySIbMA(14),RMS(l

14),MEAN( 14) ySCALFAC( 14) yCHSUML(14), ThACK(14)yICHAN(14)
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COMMON/BLK3 /NPT 4 THAX yNPTU2,NSPLT yUELF ,N64,NPTUL 20

1, INZERD, NREAD .
COMMON/BLKS/PCTCyNBINS, DMAX{14) s DMIN(LG ) ,0BIN(L14) 4BINS(LLD,y16)
1,CHISQC

COMMON/BLKGO/TSAVEL4,y IRT, IXPLOT, I0ATA,IZ,1SPELT
COMMON/BLKT7/1T(11)
CUMMUN/BLK8/IAUTOSP(14),IAUTOC0(L4),IC«SP(LO),ICRCUR(ZQ),ITRA(ZO),
LICOH(20)

NO 1 NB=1,NBLK

CALL READTPE(NB,CMAIN(IDATA),CMAINIISAVEOG))

CalL TRAN(NByCMAIN(GIZ),CMAIN(ISAVEO4)yCMAIN(ISPECT))

CONT TNUE

RETURN

END

SUBRNUTINE READTPE(NS,DATA,SAVEOSG)

DTMENSION DATA(L1)4SAVEG64(L) . :
COMMON/BLKL/STARTT ,TTEMT,NBLK, TFOW2 s NCHy NPRINT, IPLUTA, IPLUTC,0FFSC
LAL,DELTAT,;SNyNRSKIP,LAP,NCROSS,) ICROSS(2,20) +NCHP,YLABEL(Z)y IWINDOW

19F1yF2, ITYPESP g hCONyNFSKIP,IFFyLAGL,yLAG2
COMMON/BLK2/ICH(14)CHSUMI 14) ,NIFF(14),CHSUMSGU14),SIGMA(LG) sRMSIL
14),MEAN( 14) sSCALFACL 14) ,CHSUML(L4) s TRACK(L4), ICHAN(14)
COMMON/BLK}/NPT,TMAX,NPTUZ,NSPCT,DtLr No4yNPTGL28
14 INZERQ, NREAD
COMMON/BLKT/NN » TWD oK CHyNFRy IT KKy NLydJy IRECYNREC, ILOC
IF(ITEFMT LEQe3) GO TH 4000

IF(NB-1) 12,12,11

GO TO (3021,301C), ITFMT

ADTRAN FORMAT PARAMETERS SET UP

IFINRSKIP) 105,105,106

DO 107 I=1,NRSKIP

READ(1)

CONTINUE

IFI{NCH.GT.10) GC T0O3002

KCH=20

NFR=25

GO TG 3003

IF{NCH.GT.20) GC TQO 3004

KCH=30 '

NFR=17

GO TO 3003

IF(NCH.GTo30) GO TO 3005

KCH=40

NFR=12

GO TO 3003

IF(NCHeGTo4C) GC TO 3006

KCH=50

" NFR=10

3006

90
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IF(NCHJ.GT.10C) GO T 3607
KCH=119
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- 6O TCO 3003
3007 PRINT 3008
3G08 FORMAT(//* NCH GT 109 NCT ALLIWEDX)
STQP G2
3003 IwD=9
‘NN=KCH®NFR
GO TN 3Cl1
d ADTRAN INTERFACE FORMAT 10 RECORD .
3010 READ(L) KEY NNy IwDKCRyNFR,IDL, 102, TSN
READ(1)
READ(1)
IF(TSNeEQe SN} GC T3 3211
PRINT 3012
3012 FORMAT(//% TAPE NiiT POSITIONEU AT ID KECOKD FUR DESIKEU Sh*)
STOP 3012
3011 IF(NRSKIP) 3(29,30(09,1C8
108 DO 109 T=1,NRSKIP
109 READ(1)

FIND STARTING TIMt ON TAPE

D200

3009 CONTINUE
GO TO (3013,3714), ITFMT
3013 READ(L) (DATH(T),I=1,NN)
IF(EDF,1). 3,2
2 THISNLEW.DATA(2)) GO TO 3G15
PRINT 3916
3016 FORMATU(//% TAPE NCT POSITIUNED AT DESIRKEU Sh¥)
SToP 94 :
3014 READ(LY KFY, NN, (CATACT), I=1,NN)
TF(EOFs1) 3,3C15
3015 DO 1 J=1,NFR
[1=(J-1)#KCH+TWO*L
Jd=J
IF(DATA(IT)=STARTT) Llyb,4
1 CONTINUE
6O TG 3009
3 PRINT 9C0, STARTT
900 FURMAT(//% STARTING TIME*£12a5,% KNOT FOUND ON TAPEX)
STOP _
4 KK=9
NL=JJ

START REANING DATA T BE PRACESSED

aNaNel

60 TN 13

11 Ni=JJ+l $ KK=C
BACKSPACE 1
GO TN 16

15 Nl=1 s Il=1TwW+l
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16 1F(ITFEMT EQeld KEAD(L) (UATA(II,sI=1,NN)
IFCITHFMT 4EQe2) REBO(L) KEYZNNy(ODATA(I),y1=1,NN)
IF{EOF, 1) 3063, 3066

3066 CGNTINUE
IF(LAP) 13,13,3C62
206 ILOC=11-1
IREC=1RECL1-1
GO TO 14

13 IREC=0

14 1LOC=

10 CONTINUE
DO 5 J=NL,NFR
KK=KK+1
TF(KK-NREAD) 646,47

6 TLOC=IL0OC+]
1J=(ILOC-1) *NCHP
00 30 TKK=1yNCHP
1K= ICHAN(TKK)
X=OATA(II+IK)*SCALFACLIK)
IF(ABS{ X)=-OFFSCAL) 33, 34,34

33 CHSUM(IK)I=CHSUM(IK}+X
SAVE64 (I JrIKK)=X
GO TO 30

34 SAVEG64{TJ+IKK)I=CHSUMITK)/ (KK=L1+{NB-1)*NREAD)
CHSUMUIK } =CHSUM({ TK) % (KK+{NB~ 1)*NREAD)/((KK+(NB l)*NRtAU)fl.)
NOFF (IK)=NOFF (IK)+1

30 CONTINUE
IF{ILOC-64) 31,22,32

32 1LOC=D $ TREC=IREC+1
CALL WRITMS(9,SAVE6LNO64, IREC)

31 CONTINUE
JJy=J
IT=11¢KCH

5 CONTINUE A
IF{KK=-NPT) 8,7,7
8 CONTINUE
IFCITFMTLEQel) READCL) {DATA(I)yI=L,NiN)
TFUITFMT oEQe2) READIL) KEY,NN,(DATA(LI)sI=1,4iN)
IF(EQF, 1) 30063, 20¢4 . i .
3063 PRINT 3065
STNP 13065
3065 FORMAT(//% END CF FILE ENCOUNTERED BEFORE NPTOT POINTS READ, EXECU
ITION ENDED*)
3064 CONTINUE
Nl=1
I1=IWD¢1
GD TO 10

ONE BLOCK REAL, READY TG Bt PROCESSED BY FFT

eNeXel

7 CONTINUE
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4000

4001
3051

3052
3050

3¢27
3022
3035

901

3031
3030
3023

3029
3061
3062

4018
4017

4016

IF(ILtOC.EN.0)
IREC=IREC+]
CALL WRITMS(9,
RETURN

RECIN FORMAT

NREC=NRE AN/ 64
1=0

IF(NB-1} 4CC1,
[F(NRSKIP.EQ.O
20 3651 IRSKIP
CALL RECIN(1,2
PRINT 3052, NP
FORMAT(//1104%
CONTIMUE

I=1+1

CALL RECIN{1,2
ITF(EOQF, 1) 3,30
TF(DATA(2)-STA
IF(DATA(1).EQ,

PRINT 3016
STOP €5
11=2

PRINT 9C1, I
FORMAT(/ /% STA
KK=1

DO 3023 1KK=1,
TJ=1CHAN(IKK)}
XX=DATA(TJ¢2) %
IF(ABSUXX)-DFF
XX=0e $ NUFF(I
CHSUMITJ)=CHSU
SAVEG64( TKK) =X X
IRECL=1
NREC=NREAD/ 64

APPENDIX H

RETURN

SAVEL4 s TLOC*NCHP, TREC)

$ NCHPZ2=NCH+2 $ Il=1|

4CC143529

) GU TO "3G50
-'-'lyNQSK 1P

s NN,DATA,y L yNCHP ¢, 1)
SKIp

RECORNHS SKIPPEDX)

rNNSDATA, 1 NCHP2,1)
21

RITY 33509 3022,3C22
SN) GO 70O 3u3s

RIT FLUND AT RECCKD*I5)
NCHP

SCALFAC( I Y)

SCAL) 3030,303143C31

JI=NOFF(TJ)+]
MOTJI+XX

$ G- TJ 3C6C

TF(LAP) 3061,30€1,3062

KKk=0 $ I1l=1 %
KK=0

IWRITE=C
IREC=NPTD2/¢€4
NREC=NREAD/ 64
ILOC=(NPTO2-IR
IREC=IREC+]1 %
IF(IREC-NREC)

NWORDS=(NREAD-

NLEFT=NWORDS-1
CALL PEAD“S(9,
IREC=IRECH]

KK=KK+NLEFT/NC

TF(ILOC.ENQ.T}

IRECL=1 % NREC=NREAD/O4 $ GO TO

E(*64) %#NC HP

NWOPDS=N64 ¢ NLEFT=No4-I1LIC
4C16,4016,4017
NREC#64 ) *NCHP

L0OC

SAVE&SG yNWORDS 4 IREC)

HP
CO 70 4014

3060
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40017
4C10

4409
4014
4011

4012
40222

4015

4013
4019

4020

4021

3060

3034

3033
3032
3026
3025
3024

3046
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DU 4006 I=1,NLEFT
SAVES64(1)=SAVE64(T1+1LOC)
IF(KK-NPTC2) 4007,4012,4013
TF(IREC-NREC) 4CCY9,4009,4010
NWORNS={ NREAD-NREC*64)%NCHP
IF(NWORDS. LT ILCC) TLOC=NWORDS
CALL PEADMS(9,SAVEGG(NI.EFT+1),1L0C,1PEC)
KKk=KK+ILOC/NCHP . :
IF{KK=-NPTN2) 4011,4020,4021
INRITE=TWRITE+]

CALL WRITIN(9,SAVEGG yN64, IWRITE)
GU TD 4013 ’
IF(NLEFT.LT.N64) GO TO 4019
IWRITE=IWRITE+]

CALL WRITIN(9,SAVEG4 )NG4,y IWRTITE)
I1=1

IRECI=IWRITE+]

KK=NPTO2

GO TO 3060
TL=NLEFT/NCHP-(KK=-NPTOZ) +1

GO TN 4015

T1=NLEFT/NCHP¢1

GO TN 4015

IF{ILOC+#NLEFT.ECeNO4) GO TO 4022 -
T1i=(ILOC #NLEFT) /NCHF +1

GO TN 4015

IL={NLEFT+ILOC)/NCHP -(KK=NPTO2)+1
GO TO 4C15

IF(ITFMT.LTL3) GO TO 206
IF(IRECL+GT.NREC) GO TO 3046

DO 3024 IREC=IRECL,NREC

DO 3025 ILDC=11,064

CALL RECINC1,24RKN,OATA,1,NCHP 2,1}
IF(EOF,1) 3063,3034

KK=KK+1

1J={ILOC-1)#NCHP

D0 3026 IKK=1,NCHP

IK=ICHAN(IKK) .
XX=DATA(IK+2)#SCALFAC(IK)
IF(ABSIXX)-OFFSCAL) 3032,3033,3C33
XX=CHSUM(IK)/ (KK=1i+{NB=L1)%NREAD)
NOFF(IK)=NOFF (1K) +1
CHSUM{ IK )=CHSUM{IK}+XX

SAVE64(T J+IKK)=XX

CONTINUE

11=1

CALL WRITMS({9,SAVE64,Nb64, IREC)
IF{NREC*644EQ.NREAD) RETURN
NLEFT=NREAD-64*%NREC

NREC=NREC+1

DO 3042 ILOC=T11 yNLEFT
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CALL PECINILy2sNN,DATA, L yNCHP2y1)
IF(ENF,1) jOOJ,BOQI
KK=KK+1 . ‘
1J=01L0C~1)%NCHE ) ’
DO 3042 IKkK=1,NCkHF
IK=1CHAN{TKK)
XX=DATA( IK+2)
IFUXX=OFFSCAL)Y 3043, 3C44,3044
X=CHSUM(IK)/ (KK-1+(NB=-1)*NREAD)
NOFF(IK)=NTFE(IK)+]
CHSUM(TK)=CHSUM (1K} +xX
SAVE64 (T J+1KK)=XX
CALL wRITMS(9,SAVEOLY yNLEFTANCHP,NKEC)
RETU®RN
END
SUBROUTINE TRAN(NB.Z,SAVEO4,SPECT)
DIMENSION Z(1),SAVEG4(1),SPECT(1)
CUMPLEX 2 :
COMMON/BLKL/STAKTT yITFMT yNBLKy IPOW2 ¢ NCHNPRINT, IPLOTA, IPLUTL40FFSC
LALyDELTAT SNyNRSKIP,LAP,NCRUSSyICRISS(c42C)yNCHEP, YLAPEL(Z),IWINUOW
LyFleyF2,TTYPESP
COMMQN/BLKZ/er(l4)rCﬁSUM(lQ)yNUFF(l4)9CHSUMSQ(l4)ySIGMA(l4)gRMS(l
14) yMEAN{14) ,SCALFACI14) 4CHSUML (14 ), TRACK{L14),ICHAN{L4)
COMMON/RLK3/NPT yTMAX yNPTO2yNSPCT ,OELF yNE&E4,NPTO128 ’
1, INZEPO,NREAU
COMMNON/BLKS/PCTC,NBINS, DMAX(l#)yDMIN(l4),Dﬁlw(l#)yBINS(lUUle)
00 19 JJ4=1,NCrP

READ INPUT DATA RLOCK FROM RANDGM ACCESS FILE

J=ICHAN( JJ)
NREC=0

IK=0 _

IFINREAD L To04) CO TO 21

DO 20 1=264,NRFALC,64

NREC=NREC+1

CALL READMS(S,SAVEG4 ¢4N64NKEC)

DN 20 1J=1,64

IK=T-64+T14

IL=(1J-LIENCHP ¢J )

ZUIK)=SAVEGA(TL

TRF(NPECH640 EQaNFEAD) 6O TO 10
NLEFT=NREAD-IK

NREC=NRECH1

CALL KEADMS{9,SBVEGS yNLEFT®NCHP, NREC)
D0 11 TJ4=1,NLEFT

IL={1J=-1)*NCHP+J)
Z(LJ+IKI=SAVEL4G (IL)

CONT INUE

CIMPUTE BLIOCK MEAN AND COUNTS FUR HISTOGRAM
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32
33
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BLKMEAN=O,

DO 22 I=14NREAD

CHSUMSQ{ J)=CHSUMSQ(J) ¢Z (1 )%%2
BLKMEAN=BLKMEAN+Z( )
CHSUML(J)=BLKMEAN+CHSUML L J)
BLKMEAN=BLKME AN/NKEAD
IF(NBINSLEQ.O) GO TD 40
DMN=DOMIN(J) & DEL=DBIN(JJ)

DU 41 T1=1,NREAD
IBIN=(Z(1)Y-DMN}/DEL+]
IF(IBINGSLTLL) IBIN=L
IF(IBINGGT NBINS) IBIN=NbINS
BINS(IBIN,JJ)=RINS(IBIN,JJ)+]
CONTINUE

DO 23 I=1,NREAD
Z(11=2(11-BLKMEAN

APPLY DATA WINDCW

IF(IWINDOWL.EQ.D) GO TA 33
GO TO (30,31432),IWINDOW
CALL HANNING(Z,NREAD)

GO TN 33 . '
CALL HAMMING(Z ,NREAD)

GO TN 33

CALL PARZEN{Z,NREAD)

CONT INUE

INSERT ZERGS

TF(INZERDSEQaO) GN T 24
DO 35 I=1,NPTD2
LET+NPTN2) =Co

COMPUTE FOURTIER TRANSFORM AND STORE ON RANUOM ACCESS FILE

CALL FOURT(ZJNPT,1,1,0,SPECTY
1J=(N3-1)%NCHP +JJ

CALL WRITMS(8,24NFTy14)

CONT INUE

RETUEN ‘
END

SUBRCUTINE HANNING(Z,NPT)
COMPLEX Z(1)

DATA P1/3.1415926535898/

DO 1 1=14NPT
D=e5%(Le~COS{Ze*PI*(I=1,)/NPT))
Z{I)=Z211)%D

RETURN

END
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SUBROUTINE HAMMING(Z yNPT)

COMPLEX Z2(1) & CATA PI/3,1415926%35898/

PION=PI /NPT & NF2=NPT+2

DO 1 I=1,NPT

T=([+I-NP2)%PTON

D='54*.4()*COS(T)

ISR EYARSED!

RETURN

END

SUBRNUTINE PARZEN(ZyNPT )

COMPLEX Z2(1)

TM=NPT/2 & TMMI=TH-1

TMO2=TM/ 2,

DU 1 I=1,MPT

J=1-TMM]

1J=1ABS(J)

IF(T1J-TMO2Z) 2,243

D=le-6e%JxJ%{a~-T1J})

60 TO 1

U=2.*(1-“IJ ,**3

Z(1)=2(1 %D

RETURN

END

NVERLAY(PATS,3,C)

PROGRAM AUTOSP

COMMON CMAIN{1)
COMMON/BLKL/STARTT, ITFMT NBLKy IPOW2 4y NCAyNPRINT,, IPLOTA, IPLUTC,,0FFSC
1AL,DELTAT SNyNRSKIP,LAP ,NCROSS, ICRUSS(2420) ,NCHP, YLABEL( 21, IWINDODW
LoFLoF2,ITYPESO s WwCONyNFSKIP,IFFyLAGLy LAG2
COMMDN/BLK’/IFH(IQD,CHQUM(14),N)FF(14),CHSUNSu(14)151bhk(1%),PMS(l
14),MEAN(14) ¢SCALFAC{ L4) yCHSUMLIL4) s TRACK(L4), ICHAN(14)
COMMON/BLK3/NPT ,THAAX yNFPTU2 4 NSPCT y DELF yNo4,NPT(OL28
1, INZERO, NREAD
CUMMON/BLKS/PCTC NBINSy DMAX (1 4) 3 UMIN(L% ), DBIN(14),yBINS(LICIy14)
COMMON/BLKO6/ISAVEGS, IR ], IXPLOT,IDATA,1Z,1SPECT
COMMON/BLKS/TALTCSP( 14) 21AUTOCO(14)y ICRSP(20)ICRCURIZ0G) yITRA(ZD),
1ICOH(20)

COMMON/BLKY/NFILTPyFREQF (50 )y WGHTF(50)

CCMPUTE AND PRINT SPECTRAL FILTER

IF(NFILTP.LE.O) GU TO 1

CALL SPLINE(FREQF,WGHTFyNFILTPyNSPCT,CMAINIIRI)yDELF)
NREC=NBLK*NCHP +1

CALL WRITMS(8,CMAIN(CIRT),NSPCT,NREC)

DO 2 I=1,NSPCT

CMAIN(IXPLOT#I-1)=(1-1)*0DtELF

[1=IXPLOT-1 $& I2=IRT-1

PRINT 900, (1,CMAIN(IL+1),CMAINCIZ*I),1=1,4NSPCT)

900 FORMAT(//*1SPECTRAL FILTER WEIGHTING FUNCTICN#//5K*I#*3X%FrEQUENCY*

LoXEWEIGHT*3 (T X% J#3X*xFREQUENCY*6X*HEIGHT*¥)/(1642E13e5,10692E13e5910,
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22E13.5,1642E13.5))
1 CONTINUE
CALL AUTO((MAIN(IZ)yCMAIN(ISPECT):»MAIN(IQI)yCMAIN(IKPLUT))

CALL AUTO FUNCTION ROUTINE wITH CUMPUTED BLOCK ADDPESSES

IFINBINSGT0) CALL NOF MAL

RETURN

END

SUBROUTINE AUTO(Z,SPECT,R1,XPLOT)

OIMENSION SPECT(1),XPLAT(L1)sR (liyl(ll

COMPLEX Z,SPECT
COMMON/BLKL1/STARTT ITFMT ,NBLKy IPUW2yNCH, NPRINT, IPLUTA, i PLITC,0OFFSC
LAL,yOELTAT,,SNyNRSKIPy LAPyMNCROSS,ICROSS(2+20) yNCHP, YLABEL(2)y IWINDOW
19FlyF2, ITYPESP yWCUNSNFSKIP,IFF,LAGL,LAG2

COMMON/BLKZ2/ICHI L4, CHSUM(14),NUFF(14)1CHSUMJU(14)1516”A(14),RMS(1
16) ,MEAN( 14) ,SCALFACIL4) »C HSUMLIL14), TRACK(L4) 4 ICHANC L4}, IFTLTER(LS)
COMMON/BLKI /NPTy TMAX yNPTN2,NSPCT ,DELF ,N64,NPT(L28
L¢ INZERO,NRFEAD
CDMMUN/BLKB/IAUTOSP(14)yIAUTDCO(l4),lCRSP(dO’11CRCUR(2b)yITkA(cu)y
1ICOH(20)

CCMMON/BLKO/NFILTP

COMMON/BLK10/NRCRDY/

DIMENSION PLABEL(L),,PPLOT(27),BANDI27), IDEN(D)

REAL MEAN

COMPLEX ZZ

PRINT 91¢, (TRACK(J) NOFF(J)yJd=1,NCH)

912 FORMAT(//* NO. CF OFFSCALE VALUES FUK EACH CHANNEL*/(LlA,ALlG,T71C))

COMPUTE MEAN AND VAPIANCE OF EACH CHANNEL

00 36 [KK=1,NCHP ~
IK=TCHAN (IKK) ’
MEAN(IK) =CHSUML{TK}/{NBLK®NREAD)
SECMOM=CHSUMSC(IK)/(NBLK®*NREAD)
SIGMASQ={SECMCM-MEAN(IK)*%2 )
IF{SIGMASQ)Y 38,37,37 ’

38 PRINTY 913, IK

913 FORMAT(* NEGATIVE SIGMASQ FOR CH.*[5)

SIGMA(IK }=0.
GO TO 36~

37 SIGMA(IK)-SQRT(SY(MASQ)

36 CONTINUE

START OF LUOP FCR COMPUTING AUTD SPECTRA AND CORRELATIUNS

00 5C JJ=1,NCHP
J=ICHAN(JY)
. DO 53 I=14NSPCT
53 SPECT(I)=0.
AVERAGE NALK SPECTRA Ff0OR CNE CHANNEL
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D0 54 IBLK=1,NBLK
TJ=(TRLK=-L }ENCHF+JJ
CALL FEAUMS(B,Z NPTy1J)
GU 10 (80,80181),ITYPES“
80 DO 91 I=1,NSPCT
91 SPECT{([)=SPECT (I)+(RtAL(Z(I))**ZGA[FAu(l(I))*‘ZD
GG TN 54
1 NN 82 T1=1,N5P0T
1L=2(1)

AMP=CABS (ZZ2) b PRG=Cs $IF(AMPNESDW) ARG=ATAN£(AIMAG(ZZ}9R&AL(ZZ})'

82 SPECT(I)=SPECT(I)}+CMPLX(ANP,ARG)
54 CONTINUE

CUMPUTE CNMwRECTED AUTO SPECTRUM AND CALCULATED VARIANCE

SUM=(,
GO TN (83,83,86),TTYPESP

84 CIN=2o/(NRLKENREAD)
DD 85 T1=1,MSPCT -
AMP=REAL (SPECT{1))*CON ’ N
APG= AIWAG(SPELT(I))*)7.4957793/NRL&
SPECT(I)=CIHPLX (AMP,ARG)

85 CONTINUE
RMS(J) =0,

60 TO 86

83 CON=DELTAT#DELTAT/(64283185308%KCIN*NsLK)
DG 59 T=1,MSPCT
SPECT{I1)=SPECT(I1)*CON

59 SUM=SUM+SPECT(T)
RMS(J)=SQRT(SUMS[ELF*1245€63T7062)

86 CONTINUE
APPLY SPECTRAL FILTER
TFANFILTPaLEoDelCRoIFILTERIJ)oEQaL ) GO TO 58
CALL REAUMS{B 4RI MNSPCTyNRLK*XNCHP+1)
DO 112 I=1,NSPCT

112 SPECT(I)=SPECT(I)*RI(I)

PRINT AUYTD SPECTRUM AND SET UP PLOTTING ARRAYS

7/
58 PRINT 1001, J,TRACKUJ),MEANCJ)SIGMA(J) RMS(J)
1NClL FURMAT(///%1CHANNEL*13,3X810, IXAMEAN=%EL12¢ 5y 3X%*SIGMA=*
LEL2e593X%¥PMS=%E]245) :
1032 FORMAT(///%* EVERAGE OF®][3,% TRANSFORMS*//SX*¥]*¥3X*FREQUENCY*uX*POWE
LR*3(SX&[*3X*FRECUENCY*6X*POWER%) )
TFCITYPESVLEUS3) GO Tu 87
DO 60 1=1,NSPCT
XPLOT(IV=(T-1)*CELF
AMP=SPECT(1)*2,
SPECT(T)I=RI(I)=AMpP
60 CONTINUE :
911 FORMAT(4(16492E1245)1)
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C

62
63
61
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CALL WRITMS(9,RIHNSPCT,JJ)
IF(TAUTOSP(J)WLELD) GO TO 100
GO TO (66,67+87),1TYPESP
ENCODE(60,9CL,PLABEL) DELF,TRACK(J)
FORMAT (*¥AUTO PORER SPECTRUM (SANDNIUTH *E9e &,*D*9X,A1C)
NPLABEL =41
DO 69 I=1,NSPCT
RI(IN)=RI(T)I*DELF
PRINT 1005, (PLABEL(I)yI=1,5)
GN TO 68 4 _
ENCODE(60,902,PLABEL ) TRACK(J)
FORMAT{%=AUTD PCWER SPECTRAL DENSITY%3A,A10,23X)
NPLABEL=27
PRINT 1006, (PLABEL(I),I=1,3)
FORMATL{ /7 /20XTH * % % ,5A10,6H * #* %)
FORMAT(//20XTH % % % ,3A1C,6H * * %)
GO TO 68
DO 88 I=1,NSPCT
XPLGT{I)=(1-1)%DELF
RI(TI=SPECT (1)
ENCODE{(60,903,PLABEL) TRACK(J)
FNRMAT (% AMPLITLDE, SPECTRUM AND PHASt*5XyAlO 16X)
PRINT 1009, PLABEL{11}1,PLABEL(2)
FORMAT(/ /20XTH * % % ,2A10,46H * * %)
NPLABEL=18
PRINT 1007, NBLK
FORMAT{///% AVERAGE OF%]5,% TRANSFORHS*/ /95X %[ *3X*FREQUENCY*4X*AMPL
LITUDE*4X¥PHASEX2( 9X*[%*3X*FREQUENCY*4X* AMPLITUDE*4X*PHASE*))
PRINT 1208, (I 4XPLOT(I) ySPECT(I) I=1LyNPRINT)
FORMAT(16,2E13e5+FB8ocs 11C9)2E13e59F8029110y2E1305,F8e2)
G0t TO 89 ‘
CONT INUE
PRINT 1C02, NBLK
PRINT 911y (I +XPLCT(I)yRILI)yI=1yNPRINT)
CNNT INUE
NRCRD7=NRCRDT7+1
WRITE(T) -PLABEL JNSPCT  (XPLOT(I)yRICI),1=01yNSPCT)
PRINT 1010, NRCRO7,PLABEL :
FORMAT(//21H % % * % % RECORD NU.,I5, * OGN TAPET CONTAINS *6AL10G,10
IH % % % % %)
PLOT FANFULD PLCTS AND COMPUTE 1/3 CeBs SPECTRUM
GU TO (TCs70+162463902963),1PLUTA
ILDG=0 & G0 TO ¢1
1L0G=2
CALL PLOTNB(YLABEL TRACK{J) s LOgXPLIOT 4RI ¢NSPCT41LOGyFLl,FZ,PLABEL,
INPLABELy IFF,1)
IF(ITYPESPLLT.3) GU TI 7C
ILNG=¢C
D0 90 1=1,NSPCT
RI(II=AIMAG(SPECT(I))
ENCODE(50,904,PLAEEL)
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[aEale!

101
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FORMAT (#PHASE ANGLE, DEGREES*30x)

NPLABEL =20 :

CALL PLOTNB(YLABEL,TRACK(J) 4109 XPLUT RIZNSPCT 4 ILOG,FLyF sy PLABEL,
INPLABEL 40,0 ‘ '

GO TO 100

CONT INYE

IF(ITYPESP,EQ.3) GO TD 1GC

CUMPUTE 1/3 OCTAVE BAND SPECTRA

GO TO (100,65, 1CC412C165465),TPLUTA

CALL BANDS(DELF yNSPCT4SPECT,PPLOT sBANDyNPPy TERR,ITYPLESP)
IFINPP,LE.D) GO TO 10D

CALL PLOT3(YLABEL,TRACK(J),10,BAND,PPLOT ,NPP,PLABEL NPLAEEL,IFF}
CONTINUE

GU T (72,71)51TYPESP

ENCONDE(60,73,PLAREL) TRACK(J)

FURMAT{%1/3 DB AULTO PUWER SPECTRAL 0tNSITY*bX1&lu:lDX)
60 TO 74 ‘

ENCODE(6C,75sPLABEL) TRACK(J) _

FOKMAT(%1/3 OB AUTO POWER SPECTRUM®GX3AL0,20X)

CONTIMUE

NRCRD7T=NRCRUT+1 :

WRITE(7) PLABEL NPPy{BAND(TI)yPPLOT(I) oI =1,NPP)

PRINT 1010, NRCRODT,PLABEL

IF(TAUTOCU(J)eLESG) GN TG 50

COMPUTE AUTOCOHRRELATIGN

DD 101 1=2,NSECT

Z{1)=SPECT (1)
LII¢NSPCT)I=SPECT(NSPCT~142)
Z(1)=2Z{NSPCT+1)=SPECT(])
IF(ITYPESP.GT41) GU TO 113

00 L14 1=1,NPT

2(1)=2(1)/DELF

CUNTINUE

CALL FOURT{ZyNPTyly=1,0ySPECT)
CON=3,1415926525863/ TMAX
IF(INZERO) 1014,1014,1011

DO 110 I=1,NSPCT
SPECT(I)=Z({1)%CCN <
GO TO 1012

D0 1013 1=1,NSPCT
SPECT(I)'l(l)*CCN*NPT/(NPT I- 1«4.:
CONT INUE

PRINT AUTOCORRELATION

DO 102 I= lyNPT
IM1=1~1 ’

101
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RI(II=SPECT(I)
XPLAT({I)=1M]
PRINT 1003, TRACK(J) y{XPLOTLI),RI(I)yI=1,NSPCT)

1003 FORMAT(//%1AUT0O CORRELATICN 4*A10//B(TX*I%0X¥RX%)/(2K4FHeCytllady

1

HOO

004

109
106

107

201
202
103
920

50

102

1F5.01E11.31Fboo’Ello31F5’.C"E11031F5QC’1E 11031F50C1E1»1039f5.01511031
2F5.05E11.31) -

ENCODE(60410C4, FLABEL) TRACK(J)

FORMAT (*AUTO CORRELATIUN *,A10, 32X)

NRCRDT=NRCRD7+1

WRITE(7) PLABELNSPCT,(KPLOTCIIZRI(L)41=1,NSPCTI

PRINT 1012y NRCRLT,PLABEL

IF(LAGL.EQeOANCSLAGZ2.EQ.Q) GU TO 50

SET UP PLOT ARRAYS AWND PLOT AUTOCURRELATION

L1=LAGL $ IF(L1.LT.0) L1=0 % L2=LAGZ2

IF(LAG2.6GT40) GO TO 109

Ll==-LAG2 % L2=-LAGL

Il=L1¢1 § 12=L2+1

IF{Il.6GE.I2) GO TO 50

NPLT=12-11+1

00 107 I=1,NPLT

IT=1+11-1

XPLOT(I¥=11-1

RI(T)I=SPECT(II)

CALL ASCALE(RI104¢NPLT 141041

IF(IFF.EQ.C) GO TN 50

IF(NPLT~255) 2U19201,202

K=1 ¢ GO 70 1103

K=NPLT/256

ENCODE(50,920, IDEN) TRACK( J)

FORMAT (% AUTOCCFRELATTION®=3X 4 A1l0,22X)

PN=RTI(NPLT#+1)

PX=RTI(NPLT#+2)*]1Ce +PN

CALL FANFOLDI(PIJNPLY K, lyNPL'Tf.IUENylH*"..,PX]PN[YLABEL 1&,1(0[0100’
1iH )

CONTINUE

RETURN

END

SUBROUTINE NCRMAL
COMMON/BLKL1/STARTTyITFMTyNBLK,y IFOW2ZyNCHy NPRINT, IPLOTA, IPLOTC,0FFSC
1ALDELTAT,SNyNRSKIPyLAP,NCROSSy ICROSS 29 2C) yNCHPy YLABEL(2) s IWINUOW
1yF1,F2,ITYPESP

COMMON/BLK2/ICH(14),CHSUM(14) ¢yNOFF(14),CHSUMSQ(14),SIGMA(L4),RMS(L
14),MEAN(lQ)ySCALFAC(l4)yCPSUMl(14)iTRACK(14)yICHAN(lQ)
COMMON/BLK3/NPT ,TMAX ¢yNPTUZ2 yNSPLCT,DELF 4N644NPTO128
1, INZEROy NREAD,NFTOT - . '
COMMOM/BLKS/PCTCyNBINSyCMAX(14), UMINCL4) yDBINCL4) yBINSULUGy 14}
1,CHISQC

REAL MU, MEAN

DIMENSION YL(3),ICEN(S)

{

l
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DATA IDEN/10HC GUNTS 2 4% LOH /

NEINSM3=NSINS-3

DO 1 T1=1,NCHP

J=ICHANC(I)

MU=MEAN( J)

ENCOUE(30,9C2,YL) TRACK(J)

FORMET({3X*HISTOGRAM FDR *A1C, 3X) .

PN=PX=0, , )

CALL FANFOLD(BINS(Ly F) o NEINSyLybolOC, IOEN)LH® 3 Lo sPNyPXyYLy3,

1100, Cy XARDAY, XL ABEL)

SIG=SIGMA(JI) :
FACTOR=1,/1{2:5066282715%516G)
DEL=DBIN(Y)

OMAX=0,

SuM=¢C,

TF(OMIN(JYeLTe=22,) 57 TC 6
FN=PFUN(=-204 9y GMIN{)) MU, SIGIXFACTCR
Ge TG0 7

PN=0o

CONTINUE

PRINT 905, (BINS(r,T),K=1,NBINS)
FORMAT (/% BINS*/(i0F13.C))
CHISQ=0.

DA 2 K=1,N3INE

A=K*DEL+DMIN(J) i

SUM= BIHS(K, 1) . |
P=SUM/NPTRT
PN=  PFUN(A-UEL,4,M11,SIG)*FACTOR

IF(PMN,EQLN) GO TO 2

CHISQ=NPTOT*{P=-FN}I**2/PN+CHISQ

CCONTINUE

ALPHA=1,~-2CTC/1(CCs

PRINT 900, NBINSM3,(HISQ,ALPHA,(HISQC

FORMAT(///12Xx33F * % % GOUDNESS UF FIT TEST * % =//% OEGREES OF FR

LEEOOM =#15,1CX*%CHI-SQUARL =%F1Ce3//% AT THE SIGNIFICANCE LEVEL Ot*
2F10.3,1CXx=THE CRITICAL VALUE OF CHI-SQUARE [S*F10.3)

CONTINUE

RETURN

END

FUNCTION PFUN{A,B,MU,S1G)

REAL MU

PFUN=0,

NX=(B8-A)/50.

X=A=-DX/2a

DN 1 121,55

X=X +NX
PFUN=PFUN+DX*CXP(=~(X=-MUIE*2/{2.%STGC*SIG))
CONTINUE

RETURHN

END

SUBRDUTINE PLUTPIYLAREL yFRAMEL ,NF,BAND, PFLOT yNPP,PLABEL NP, IFF)
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DIMENSIUN BANDL1),POPLOT (1), YLABEL(2),FRAMEL(L1) yPLABEL(5)4FFLD(5)
1, IDEN(6),RCF(24)

DATA HCF/SO.,Q3.'5C.leC.1125.1160.713301250.1315-)430-75Q0-1630-1
130Ce 110006912504 16C0ay 20C06925000931500 940006 15000e98U0UU 910000, r
2200004/

PLOT POWER FGR BAND CENTER FREQUENCIES 5U-2Ch HZ

401 DD 2001 I=1,NPP
2001 BAND{(!l=1+4

PMAX=PPLOT(1)
DO 2002 TI=24NPP

2002 PMAX=AMAXL{PPLOT(I),PMAX)

NMAX=TFIX(PMAX)

TF{NMAXs LToPMAX) KAMAX=NMAX+]
PMAX=NMA X

PMIN=PMAX-5,

12=NPP

DN 2004 I=1,12
IF(PPLOT(T)alToFMIN) PPLOT(TI=PMIN

2004 CONTINUE

PPLOT(NPP+1)=PMIN $ PPLOT (NPP+2)=,5
BAND(NPP+1)=1s % BANDI(NPP+2)=5,
IF(IFFaEQe0O) RETURN
FFID(L)=YLABEL(1) % FFID(2)=YLABEL(2)
NWCPDS=(NF+9)/10

DO L I=1sNWORDS

1 FrID(I+2)=FRAMEL(])

ENCODE(54,93C5, IDEN) PLABEL

9I5 FORMAT(*L0G *#5A10)

~104

CALL FANFOLOD(PPLCT,NPP;1414NPP,IDENy LH%y Loy PMAX,PMIN, FFIU,NWORDS+¢
1,126, 14BCF, 1CHFREGUENCY )

RETURN

END - '

SURROUT I NF BANDS(UELF NSPCT,SPECT, PPLOT, bAND,NPP TERR, IPUWPLT)

COMPLEX SPECT(1)

DIMENSTION FPLOT (L) IND(4h,2),FNCL40),FNL (47)

DATA FNL/1el220+91e412541a7783,2462387924818453e4548194040089540254,
174C795980912591102209140125917e78392206367328018493%648L14%44008 .
250-&34170 79)989.;251112 239141 431177.53,&&3.87,481 d“yﬁb“ 811
344606815620343 7010951891259 1122e051412e54177563,223847928Ll084%y
43548.11446648,5623,4,TC79Y, 51811&.311LZ20.yl4lé5.,l7loa.,g&367.,
5281840,53"0510 )44()680 /

DATA FNC/1625695145849916995539205117930162343.981145. JlLSy6.3090,
176940691 C0o91ce58G591548459)19695392541199310023939e811,50e119,063,096
29794433, 100091254899 15b4499197453,251019+3166239398e11,5C0e173,
36300969 794433, 1000691258059 15064091199563925116943162439398L el
45011 ey 030346, 7154343,100004912569e91908494,9199534,9251194,9316230
539811,/

DIMENSION PSD(46),PSUPHL(46)BAND(ZT)

DO 3 I=1,27



62

68
65

(25

66

67

63

APPENDIX H

BAND(I)=1

1ERR=9

DO 1 I=1,46

BND= FNL(I*[’—FNL(I)
I11=1

IFIBND.GELDELF) GC T 2
CONTIMNUE

[ERR=1

RETURN

D} 62 I=ly40
PSDPHZ({11=PSD(1 )=Co
[ND(I!I)‘INP(I,Z)-w
Ii=11

DI 63 1=2,NSPCT
F={I-1)%DELF

IF(11-456) 64464465
I1=46

GO TO 66

IF(F- FNL(II*l)) €LsbTy61
IFCIMD(IT42)0QaC) IMNDIILIL1)=1
IMD(I1,2)=IND(IT,2)¢1
GO TO 63

1I=17+1

GU T 68

CONTINUE

NPP=C

V1 I &) I=Ilv46

70

16

80

[FCIND(T 920} 764,764,735

ISTRT=IND(I,1)

NPP=NPO+ ]

CALL PVDSUM(SPECT([STQT);TND(lyé’yPSU(I))
PSD(I)=PSD(1)*DEL}.

PSOPHZ(I)=PSUL(L)/{FMNLET#L)-FNLCT) )

CONT TNUE

NPP=NPP-(17-T1) ]

IFINPP,LT.0) NPF=0

[F(NPPGTe27) NPP=27

PRINT 80,y (FNC(I1),PSO(1),PSDOPHL(T)sI=11y40)

FORMAT(/ /% 173 UCTAVE BAND%XSX¥PUNEF¥oX*POWER SPECTwAL*/%  CENTER
1 FREQUENCY*4X&SFECTRUMSTX*DENSITY*/(F12aCyE19049E150%4) 1}
IFINPP.EQ.Q) GO TG 32004

GO TO (3001,3002),1POWPLT

DO 30C3 1=1,NPP

PPLOT(1)=-10CC. § ‘F(PSU(!*Lb).GT Ce) PFLOTUII=ALUGLZ(PSULTI+L61))
CONTINUE

GO TO 3C04

DO 3005 I=1,NPP

PPLOT(1)=-1CC,

IF(PSUPHZ(I*Ié’.GT. o) PPLOT(IVr=ALOGLO(PSUPHZ(I*10)) )
CONTINUE

RETURN
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END :
SUBROUTINE BNUSUM(S,NJ¥,PSD)
COMPLEX S(1)
PSD=0, !
TF(NUMGT,1) GO TU L
PSD=RPEAL(S(1))
RETURN
1 PSD=REAL(S(1))+REAL(S{NUMI)
IF(NUMJEQe2) RETURN
NUMM] =NUM-1
DD 2 1=2,NUMMI]
2 PSD=PSD+REALIS(]))
RETURN
END
.SUBROUTINE SPLINE (XyY,KNTyKNTCUT,YOUT,DX)
DIMENSIGON C(4,4),8(48),1PIVIa), X{L)yY(Ll},YOUT(L)

XM = 2.%X(1} - Xx(2)

YM = 2.%Y(1l) - Y(2) -
XN = X{1)

YN = Y{(1)

X0 = x(2)

Yo = v(2)

Xp = X{-3)

YP = Y(3) :

SLN (YN=YM) /L XN=XH)

SLO = (YO-YN)/ (XO-XN)
SLP = (YP-YD)/(XP-X3)
RKOUT = KNTOUT
IYNX=X{1)/DX
IFCTYNX¥DXoLToX (1)) FYNX=TYNX¢L
VAR=TYNX*DX
DO 1 I=1,TVYNX
1 YOUT(I)=Y(1)
IYNX=TYNX+1
CLIM = KNT ¢ 1
DO 7000 N=3,L14
: IF (SLN oNE. SLC «NR. SLO oNE. SLP) GO TO 300D
C  LINEAR

Al4Y = Q.

A(3) = 0,

A{2) = 'SLO

All) = YN = SLO*XN
GO TO 63CC

3000 CONTINUE
A{l) = (SLO = SINI/(XO - XM)
A2} = (SLP = SLOM/{XP - XN}
IF (A(1) JNE. AL21) GO TQ 5090
c PARABOLIC ' .

Cllyl) = 1.
Ci2y,1) = 1.
C(3,1) = 1.
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5000 COUNTINUE

C{l,2)
Ct2,2)
Ci3,2)
C(1,3)
C{2+3)
C(3,3)
A(l)
A(2])
Al3)
caLL St

Ats) =

50 TNO.6

C cuslc

. A(3)

6100

Cll, 1)
Cl2,1)
C(3,1)
Cl4,1)
Cll,2)
Cl2,2)
C(3,2)
Cla,2)
C(1,3)
€(2,3)
C(3,3)
Cl4,3)
Clly4)
Cl2y4)
C(3,4)
Cl4,4)
AlL)
A(2)

A(4)
caLL sI
CONT INU
SUM = A
VARP =

Do Ol
VARP? =

SUM =

CONTIHNU
YOUT(LY

XN
Xn
xXp
XN&XN
X0xX0
XP®XP

now a6

YN
Yo
YP

APPENDIX H

MED (Cy 2y Ay 1y DET, IPIV,y &,

0.
ACL

’l

e

e

I).

XN

X0

lo

1.

Xii e X N

X X ()

20 %XN

26 %ATH
XNZC(1,3)
XN&C{2,43)
30%C(1y3)
3.%C(2,5)

YN
Y0 -

TAM(o5% (ATANISLN)
TANC.H* (ATEN(SLO)
MEQ (Cy 49 Ay Ly

E

(L)

le

GG & K=2 1"
VARPRYAR

SUM ¢ A(K)XVAKP
€

NX) = SUM

VAR=FLOAT({IYNX)*DX

TYNX =

IF (VAR
XM XN
YM YN
XN X0
YN YO
X0 Xp

TYNX ¢ 1

+ ATAN(3SLI}))
+ ATAN(SLP)Y))

DETy TPIV,y 4

oLFe X(N-1)) 60 TN AO0C

1SC)

1SC)
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6600

70C0
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Yo = YP

IF (N +LTe KNTY GO TO 6509

IF (N +EQe KNT#1) GU TO 7000

XP = 24%X(KNT) = X(KNT=1)

YP = 2.%RY(KNT)} - Y(KNT=1)

GG TG 6600

CONT INUE

XP = X{N+1)

YP = Y{(N+])

CONTINUE

SLN SLO

SLGC sLP

sLpP (YP = YO)/(XP = X0)

CONTINUE B

IFCIYMXeGCTKNTNOLT) RETURN

D0 2 T=TYNX,KNTCUT

YUUTlI)-Y(KNT)

RETURN

END

OVERLAY(PATS4+C)

PROGRAM CEFOSSSP

COMMON CMAIN(])

COMMON/dLK1/STARTT;ITfMT,hBLK,IP)NZ,NC#,NPRINT IPLOTA, IPLUTC,GFFSC
LALyDELTAT,SNyNRSKIPyLAP,NCRUSSy ICRISS(2y20) yNCHPy YLABEL(Z) 9 IWINDOW
19FLleF2y ITYPESP y WCUNJNFSKIFZIFF,LAGLyLAGZ
COMMON/BLK2/TCH(14), CHSUM(14) yNIFF(14),CHSUMSu( L4) s SIGMA(L4) sRMS(1
14y MEANT14) ,SCALFACI14) ,CHSUMLIL1 %)y TRACK (14), ICHAN( L)
COMMON/BLK3/NFT 4 THMAX yNPTU24NSPCT 4 DELF yN64,NPTO128
1y INZERO, NREAD

COMMON/BRLKG6/ISAVESSG, IRT, IXPLOT,, JUATA, IZyISPECT
COMMON/BULKB/TAUTOSP{L4) 3 TAUTOCG( L4) o ICRSP(20),ICRCOR(20) 4ITRA(20),
11C0H(20)

COMMON/BLKG/NFILTP

COMMDN/RLKLN/NRCROT

CALL CROSS(CMAIN(IZ) yCMAIK(ISPECT },CMAIN(IRI) yCMAINCIXPLCT })
RETURN

END

SUBROUTINE CROSS(Z,SPECT, kI,XPLUT)

COMPLEX SPECT(L),2(1)

DIMENSION RI(LY 4XPLOTLL) ,FRAMELE{3},PLABEL{S)
COMMON/BLKL/STARTT,ITFMT,NBLK, [POW2,NCH,NPRINT, IPLOTA, IPLUTC,OFFSC.
1AL, UELTAT, SN.NRCKLP,LAP,NCROSS’I(POSS(Z,ZblyN(HP YLABEL(Z)yIN[NUO«
LyFloF2, ITYPESP o WCUNJNFSKIPy IFF,LAGLyLAG2
CJMMON/BLKZ/ICH(lal'CHSUM(14),MUFF(14).CHSUM>Q(lél,SlGMA(lé),RMS(l
14) y MEAN(L14) ySCALFAC{14) ,CHSUML(14), TRACK(L4), ICHAN(14) ,IFILTER(L4)
COMMON/BLK3 /NPTy TMAX yNPTO2 yNSPCT yUELF yNo4 yNPTCL 28
Ly INZERN
CUMMNN/BLKB/TAUTOSPL14) yTAUTOLO(14)y ICRSPL2C) 9 ICRCORI2C) pITRALZG)
LICOH(20)

COMMON/BLKY/NFILTP

COMMON/BLK 10/NRCRDT

wowou



(e NeNel

aNeNel

OO0

77

76

71

112
111

115

900

60

971

898
921

61

APPENDIX H

DIMENSION TDEN(5),BAND(27),PPLOT(27)
DATA RAD/57.2957795/

STARY AF LCOP FCR CUMPUTING CR0OSS FUNCTIUNS

D3 70 TCR=14NCRCSS -

K1=TCRUSS{1,ICR) & K2=ICRESS(2,ICk)

TF(TAUTOSO (K1) e EQaGeiKe TAUTOSP(K2)aEGe0) GU TU 75
DN 77 I=1,NCHP :

TF{KLl.EQaICHAN(TI)) Jl=1

TF(K2.EQICHAN(T)) J2=1

CONTINUE

D0 76 I=1,NSPCT,

SPECTI(!)=0."

AVERAGE CP71SS SPECTKA FOR ONE PALR

DN 71 IBLK=1,NBLK

1J=J41+(IBLK=-1) %NCHP

CALL READMSI{8,ZyNPT,1J)

1d=J2+(18LK=-1) %NCHP

CALL READMS(B,+Z(NSPCT ¢l ) ,NPT,11)

DO 71 I=1,NSPCT
SPECT(I)=SPECT(IV«Z( T I*CONJGLZ(TI#NSFCT))
IFINFILTPsLE.D) GO TO 111 ’ .
IFCIFILTER(JL) e EQeOe ANDLIFILTER(JZ2)aEQeT) GU TU 111
CALL READMS(8yRI yNSPCT,NBLK%*NCHP¢1)

DO 112 I=1,NSPCT

SPECT(I)=SPECT{I)*RI(T1)

CONTINUE

CALL WRITMS(9,SPECT NPT NCHP¢+])

COMPUTE CORRECTED CRUSS SKFECTRUM .
CON=DELTAT®DELTAT/(64283165308%wCCN*NBLK )

DO 115 I=1,NSPCT

SPECT([)=SPECT(I)*CON

ENCONE (23,900, FRAMEL ) TRACK{(KL),TRACK (K2}
FORMAT{ALN,3H X ,ALC)

IFUICASP(ICR)WLELC) GO TG 105

G0 TO (60,611, ITYPESP

CON=CON*DEL F

ENCOCE(50,9CL ,PLABEL) DELF _
FORMAT (%CROSS PCWER SPECTRUM (BANIWIDTH =%G9el,%)%,0X)
NPLABEL=44

PRINT 898, (PLABEL(I),I=1,5),FRAMEL
FORMAT(*1%5A1C,5X,3A1C)

ENCODE (60,921, TDEN) TRACK(KL),TRACK(K2)
FORMAT(%CROSS PCWER SPECTRUM %A10s1X,AL0,7X)
GO TD 62

ENCODE(50,9C2, PLABEL )
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FORMAT (% (RISS PCWER SPECTRAL UENSITY*22X)
NPLABEL=28 .
PRINT 899, (PLABEL(I) I=1,43),FRAMEL

899 FORMAT (*i*3A1C,5X,3410)

922

62

§97

[aNeNal

80

ENCODE(60,922,1DEN) TRACK(KL) ,TRACK({KZ)

FORMAT (*CROSS PCWER SPECTRAL DENSITY *4l10,1X,4010)

TFINPRINT.GT.0) PRINT 897 :

FORMAT (/ /74X%TI %4 X*FREJUENCY*GXRREAL*LOX* IMAG* TX*AMPLITUUE*TX=PHASE*
1)

SET UP PLOT ARRAYS AND PRINT CRUSS SPECTRUM

DD 72 I=1,NSPCT,

F=(1-1)/TMAX

XPLOT(1)=F . ‘
AMP=CABS (SPECT (1))

IFLAMP) 79,80,7S

ARG=0, $ GO TN 78 :

79 ARG=ATANZ2(AIMAG(SPECT(I }),REAL(SPECT (I ) )%RLD

78
73
915
200

201

202
72

301

CONTINUE

IFCI-NPRINT)73,73,200

PRINT 915, I,F,SPECT(I),AMP,ARG
FCRMAT(15,5E1445)
IF(IPLOTC.EQed) GO T3 201

GO 7O (201,2014+2C2,202,202,202),1PLOTC
RI(IN=SPECT(1)

RICI#NSPCT+2) =AIMAG(SPECT (1))
GO TN 72

RI{T)=AMP -
RICI+NSPCT+2)=ARG.

CONTINUE

IFCIPLATC-2) 3014301,3C2
INEN6=10H (REAL)

IDENT=10H (1IMAG)

GOTO 303

302 IDEN6=10H AMPLITUDE

IDENT7=10H PHASE

303 NRCRD7=NRCRDT+1

NSPCTP2=NSPCT+2 )
PRINT 190Cy NRCRODT74+IDEN, JDENG

1000 FORMAT(//21H * # % % & RECORD NJe9sI5y * UN TAPET7 CUNTAINS *0A10,10

e NeNe!

110

IH & & % % %)
CARITE(T) TDEN, ICEMOgNSPCT (XPLIT(I) RTI(T)1=1,4ASPCT)
NRCRDT=NRCRDT+1
PRINT 1000, NRCRC7,I10EN, IDENT
WRITE(T) IDEN, IOENTyNSPCT (XPLOT(I)yRILI#NSPCTPL)yI=1LNSPCT)

PLOT FANFOLD  PLOTS

NW=(NPLABEL-11/10¢2
NPLABEL=NW*10
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TE(IPLOTC.EQeC) GO TH 1CH
G TN (107,1C7,1C5,199,1C%,199) 1ELOTC
167 119622 5 A3 19 106

108 110622 _
106 ENCOUE(LC,903,PLAIEL (Nii))
993 FARMAT( % (REAL)*)

CALL PLOTHB(YLAPEL ¢FRAMELy 25, XPLOITyRIZNSPCT, ILIG,FLsF2,PLABELNPLA
13ELyIFF, 1) .
ENCODE(LC, 904 ,PLABEC(NUW )
S04 FORMAT(% (IMAG)*)
CALL PLOTNBUYLABEL FRAMEL 259 APLUT RIINSPCT#3) yNSPCT ILDOsF LyFey
IPLABLEC,NPLASEL g IFF,7)
G TN 145
179 1LOG=1PLQTC-3
104 ENCODE(1G,y905,PLAGEL (Nw))
925 FORMAT(* MAGNITTUULE*®;
CALL FLOUTNB (YL APELyFWAMEL 9239 XPLUOTyR1 3y NSFCT,TLOGFLyF2,PLABEL,NPLA
13ELy1FF, 1}
ENCODE(LD¢906,PLAGEL (NW})
906 FOARMAT (= fHASE*)
IF(ILNGeGTo 1) {LOG=ILIG-2 |
CALL PLOTNB(YLAEELyFRAMEL 234 XPLOT RI(NSPCT#3) yNSPCTILUG,FL14F2,
LPLASFLyNPLABEL, IFF,D) ’
105 CONTINUE .
IF(TCRCURIICR) 4LELD) GL TC 411

COMPUYTE CPOSSCNRSECLATION

DO 74 TI=2,MNSP(T
Z{1)=5PECT({])

74 LINSPCT+I)=CONJGISPECTINSFCT-1¢2))
LL1)=Z(NSPCT+1)=SPECT (L)
TF(ITYPESPLGTLL) G T2 QL3
DO 114 T=1,NPT

114 Z(1)=2(1)/DELF

113 CONTIMUE :
CALL FOURTUZ NPTaly-Ly1,SPECT)
PRINT 916y TRACKI(KL),TKALK(K2)
CON=64233185308/TMAX
DN 118 T=1,NPT

11¢ SPECT(IN=Z(1)%CCN

SET UP PLOT ARRAYS, PRINT AND PLOT CURRELATICN

IFUINZERD) SC0, 500,501
500 D3 5G2 T=1,NSPCT
IM1=1-1
[PN=T#NSPCT
RILIPH)=SPECT (1)
XPLOT{IPN)=1IM1
IMN=1-NSPLT -1
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RILIV=SPECT(IPN)
502 XPLOT(1)=IMN
GO TO 503
501 DG 90 I=1,NSPCT
IMl=1-1
IPN=[#NSPCT
[2M1=2%T ML
R!(IPN)—NPT*SPECT(T)/(NPT~IZM1)
XPLNT(IPN)=IMI1
IMN=T1-NSPCT-1
T2MN=2%IMN $ TF(TebQal) I2MN=I12MN+L
RICII=NPTESPECTLIPN}/ {NPT+T2MN)
9C XPLOT(II=IMN
503 CONTINUE
PRINT 917y (XPLCTUI},R1(T1),1=1,NPT)
917 FORMAT(2Xs8(F5.,C,ELlL.3))
916 FORMAT(//#1CROSSCORRELATION, *A10,% X ¥ Alu//B8LTXRI&S5X¥RXY%))
ENCODE(50,523,PLABEL) TPACKIKL), TRACK(K2)
923 FORMAT(*CROSSCORRELATION SALGCy LXyAL1D, 2CX)
WRITE(T) PLABEL NPTy (XPLOT(I),RI(1),1=1,NPT)
NRCRN7=NRCRD7+1 _
PRINT 1000, NRCRD7,PLABEL
JFILAGL o EWeCoANCoLAG2aERe() GO TO 411
T1=LAGL+#NSPCT+1l ¢ 12=LAGZ+NSPCT+1
206 IF(I1aGELI2) GO TC 411
NPLT=12-11+1
CALL ASCALE(RI(Il)leo’NpLTylplc‘o)
IF(TFF.EQaC) GN TO 411l
TF(NPLT=256) 101,101,102
191 K=1 $ GO T 1¢3
102 K=NPLT/2506 A
103 ENCODE(52,920, IDEM) FRAMEL
920 FORMAT (*CROSS CORRELATIUN%3X,3A10)
PN=RI(NPLT+11) _
PX=RT(NPLT+IL#1)%*10, +PN
CALL FANFOLOD(RIC(TI1) 4 NPLT ohy Ly NPLT yIUEN ) LH%y La s PX9PNyYLABEL» 212Gy 0
190ey 1+ )
GO T4 41l
75 PRINT 9138, TRA(K(hl),TRACK(KZ)
918 FORMAT{//% CROSS SPECTRA FUR *ALQ,* X %*A10,%* CANNUT B8E CUMPUT&U*)
GO TN 70
411 IFLICTOH(ICR)GLELC) G TO 401

o COMPUTE CHERENCE

CALL RFADMSH{I,RIWNSPCT,01)

CALL REAOMS{I,RTI(NSPCT+1) ,NSPCT, J2)
CALL READMS(9,SPECT, NPT, ,NCHP+L)
CON=DELTAT#%2/(€e283185308%WCONENSLK)
D0 4062 1=1,NSPCT

XPLAOT(T)=(I-1)/7TMAX
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DENIM=6 25% (RE(TI*RI(NSPITH] )
IF(DENIM) 412,412,413
412 RIM1I)=0. % GOTO 402
413 RI(T)=CABSISPECT(IN/SORT{DENDIM))*CON
432 CONTINUE -
PRINT 403, FRAMEL (I XPLOT(I},KI{1),1=1,RNPRI]iiT}

PRINT AND PLGT CNHEZUNCE

4G3 FORMAT(//#1CUMEFENCE #*3A10//9 X% 1 %3X5F At QUENCY ¥4 X¥L0RER ENCE®3{ 6X%] %
L3XARFREQUENCY®4X2COHE2eNCE#) /{15y 2613e5, 1092513059109t Ladylogetis
2051
ENCMNE(0C,y 924, PLAYEL ) TRACK(KL) sy TRACK(K2)
924 FORMAT(=COHEPENCE *AL10,1XyA10,248X)
NRCRDT=NPCRDT+1
WRITF(T) PLABEL yNSPCT (XPLOT(T),%I1(1),1=1,h5PCT)
PRINT 1045),y NKCRD7,PLABEL :
© ENCOPE(55,4C4,PLAGEL)
474 FORMAT(*COHERENCE*4L1X) . . .
CALL PLOTNR(YLAEBEL yFHAMEL 3234 XPLUT,R1I yNSPCTausFLyF2,PLAVEL,10,1FF,
11)
491 IF(ITRACINCR)LEQeD) GI TT 70

COMPUTE TARANSFER FUNCTIUN

CALL READMS(9,SPECT,NPT,NCHP#+1)

IF(ITRA(ICR)ICLT L) GU TO 405

CALL READMS(G,R1,NSPCTyJ1)

ENCOLE({6D,4060,PLAREL) TRACKI(KL),TRACK(KZ)

G0 1O 407 :
4C5 CALL REAUMS({2,RINSPCT,J2)

ENCODE(0G,4C8,PLAREL ) TRACK(KL), TRACK (K Z)
408 FORMAT(*TRANSFER FUNCTIIJN, TRAYX FOR *Al<Cs3H X ,A10,58X)
406 FORMAT(*TPANSFER FUNCTION, TRAXY FOR *ALl8,3n X yAlG,8X)
407 CON=DELTAT® %2/ (€4283185306%WCUN®NBLK)

DO 409 'T=1,NSPCT

XPLCT(T)=(I-1)/TMAX

DEN(OM= 5% T (])

[F(DENDOM) 414,414,415

414 RI{I)=0, % GO TC 409

415 RI(1)=CABS({SPECT(I)/DENIM)*CON
4C9 CONTINUE

PRINT AND PLOT TRANSFER FUNCTION
PRINT 419, PLABEL,(!I,XPLOT(I),RI(I)sI=1,NPRINT)
410 FOPMAT(//%1%6A10, 7/5X%] %5 X*¥FREQUENCY o ¥ TX®TRA*3(IX*[ *3X*FREQ
LUENCY*TX#TRA* )/ (1642E 13459165 2E1345916,2E13e591642E1345))
NRCRD7T=NRCRDT +1
WRITE{(7) PLABEL yNSPCT, (XPLOT(I)yRICI),1=1L,NSPCT)
PRINT 100G, KRCRD7,PLABEL .
CALL PLOTMB(YLAPEL JFRAMEL y23yAPLUOT,RIJNSPCTy39F19F2/PLABELY24,1FF,
11) :
70 CONTINUE
RETURN
END
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