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ABSTRACT 

The computer program for correlation and spectral analysis 
of reactor flow data operates on stationary time series data to 
obtain any or all of the following statistics: mean, variance, 
standard deviation, probability density function, autocorrelation 
and crosscorrelation functions, and the frequency spectrum (Fourier 
transform). The program is limited to two data records, each up 
to 2000 points in length. These limits could be increased to 
accommodate longer records. Statistics that have a functional 
variation are presented graphically with the option provided for 
detailed listing of functional values. The program can be expanded 
to inClude other operations on the data by adding the appropriate 
subroutine package, the data set being available in common storage. 
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INl'RODUCTION 

Interpretation of c~ti~~s 4ata records from reactor flow, 
temperature, and pressure signals is complicated by random variation 
in signal level. These variations can be attributed to turbulence, 
local flow separation, inst~.nt noise, or process variation. 
For most purposes, the primary int.rest is in the mean signal 
level, or in the detection of periqdic variation in the signal 
that may be obscured by the noise. But studies of process variations 
r)quire analysis of the random noise itself and usually, measure
ment of the similarity between signals from different parts of the 
system to establish correlations. Visual comparison for correlation 
of two or more noisy signals is difficult because the variations 
are random, and therefore dissimilar. 

The computer protramdescTibed in this report will character
ize a noisy signal st~tisticallyi~ both the time and frequency 
domains. It can be used to detect periodic signals buried in 
noise, to establish the degree of correlation between random 
signals, and to aid in establishing the source of process variable 
fluctuations. Advantages of the program are: 

• Modular form, permitting additional subroutines to be 
9asily attached for further analyses 

• Separate input subroutine that can be adapted by the 
user for different types of data records, such as card 
or tape 

• Simple procedu:r.-es for the user, because the program selects 
optimal values for lag times in computing correlations, 
and the number of points for efficient Fourier transform 

Appendix A contains detailed input instructions. Appendix B 
gives a sample problem input; Appendix C, the output. 
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MATHEMATICAL FORMULATION 

This program operates on stationary time series data records 
in digital form to calculate any or all of the following statistics: 

• Mean, variance, standard deviation 

• Probability density function 

• Autocorrelation function 

• Crosscorrelation function (for two simultaneously recorded 
data sets) 

• Frequency spectrum (Fourier transform) 

Figure I is a block diagram of program options. 

Control 
Program 

Basic 
Statistics 

Probabil i ty 
Density 

Function 

Cross -
correlation 
Function 

Auto
correlation 
Function 

Fou"rier 
Transform 

Mean 
Variance 
Standard Deviation 
Coefficient of Correlation 

FIG. 1 BLOCK DIAGRAM OF PROGRAM OPTIONS 
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The mean, variance, and standard deviation of each data set 
Pi,j are computed in the usual manner: 

N 
Mean P. 1 L P. = = N J 1,j 

(1) 

i=l 

N 

Variance s~ 1 L (P .. - 1'.)2 = = N-l J 1,] J 
i=l 

(2) 

where N is the number of data points, and subscript i denotes a 
pOint in the time series j. The sample standard deviation is the 
square root of the sample variance. If two data records are being 
correlated, the covariance is calculated by 

N 

S2 = NIl '\' (P1·, 1 - 1'1)(P1" 2 - 1'2) 12 - L (3) 

i=l 

and the coefficient of correlation by 

(4) 

The probability density function is an estimate of the 
probability of certain amplitudes being assumed by the variable 
over a period of time. The procedure divides the range of 
variation about the mean value into 50 intervals, and determines 
the number of points Ni in the data set that fall into each 
interval. The probability that the variable will assume a value 
in a given interval is 

(5) 

The range of values is normalized on the largest (absolute) value 
in the data set and plotted against the probability determined by 
Equation 5. 

Two signals may well be correlated, but not at the same instant 
in time. In other words a change in one signal precedes a corre
sponding change in the second signal by a short period of time. 
A coefficient of correlation of signals recorded simultaneously 
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computed by Equation 4 would be ambiguous. The possibility 
of a time shift or phase lag can be investigated by developing 
the crosscorrelation function. One data record is shifted in 
time relative to the other in discrete steps, and the coefficient 
of correlation is recomputed after each step using Equations I, 
2, 3, and 4. A peak in the plot of coefficient of correlation 
versus time lag indicates the time relationship between the 
variables being correlated. Numerically, the crosscorrelation 
function is formed from these equations: 

N-r 

= ---N
l ~ P1',I'P1'+r,2 -r L 

i=l 

N-r 

N~r I p. .p. 
l+r,l 1,2 

i=l 

(6) 

(7) 

where N is the number of data points describing each signal, and 
r = I, 2, ... , rmax is the number of equal time intervals by which 
one signal is shifted relative to the other. 

The autocorrelation function is used to test a signal for 
similarity to itself at various intervals. Any periodicity will 
be evidenced by a periodic autocorrelation function. The auto
correlation function for a record of N data values is estimated 
numerically by 

N-r 

= N=r I P .. ·P. . 
1,J l+r,J r = 1, 2, ... , rmax (8) 

i=l 

where r again is the number of time shifts. 

The maximum value of r, for both the autocorrelation and the 
crosscorrelation calculation, is determined by the recording rate 
and the bandwidth resolution specified for the Fourier transform: 

r = l/(B 'fit) = alB max e e 
(9) 

where Be is the specified bandwidth in cycles/second, fit is the 
time interval between data pOints in seconds/point, and a is the 
recording rate in pOints/second. If rmax computed from Equation 9 
is greater than N/2, rmax = N/2. 
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Although the mean, variance, and distribution function are 
sufficient to describe the magnitude of a random variable, they 
give no indication as to the rapidity of variation with time. 
For example, two random data signals may both have the same 
variance, but one could be varying much more rapidly than the 
other. To describe the time aspect of noisy data, the mean 
square spectral density, or frequency spectrum, is used. 
Essentially, the spectrum shows for a random function how the 
total mean square value is distributed over the frequency range. 
The spectrum can be computed from the raw data Pet) by numerical 
integration of 

F(w) = fo"" P(t)e-jwtdt (10) 

where w is the radiant frequency, t is time, and j is~. The 
'integral is difficult to implement in this form. The code utilizes 
a fast Fourier transform algorithm1 ,2 supplied by IBM to compute 
the transform. In addition, advantage is taken of the Wiener 
theorem,3 which states that the mean square spectral density of a 
random variable is the Fourier transform of its autocorrelation 
function. Accordingly, first the autocorrelation function is 
computed, and then the values are transformed to obtain the 
frequency spectrum. This procedure is fast and accurate. 

The frequency is incremented from 0 Hz to the maximum 
frequency compatible with the recording rate, fmax = ~/rmax' 
sometimes called the Nyquist frequency. 

INPUT FOR THE COMPUTER PROGRAM 

The input for this program includes a description of the 
data: number of points, number of sets (lor 2), recording rate, 
and spectral bandwidth resolution (Appendix B). The subroutine 
for reading in data should include the number of data points. 
Other information is read as standard input from the main program. 
The data record length (IMX) is governed only by machine capaCity. 
The program is presently dimensioned to accept two 200D-point 
records. Longer data records would only require adjustment of the 
dimensions of arrays P, R, and XXR, which are the data, auto
correlation, and crosscorrelation arrays. The frequency resolution 
desired for calculation of power spectrum·should be no less than 
2~/IMX, where ~ is the recording rate in points/second, and IMX 
is the number of data points. The resolution finally obtained 
is usually slightly less than specified, because the Fourier 
transform subroutine pads out the data set with zeros until the 
number of points is a power of 2. 
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OUTPUT OF THE COMPUTER PROGRAM 

The standard output includes the following: 

• Problem title 

• List of options specified 

• Mean, variance, and standard deviation of each signal 

• Single page plots of each statistical function computed 

• The Nyquist frequency, number of lag values used to 
compute correlations, and standard error associated 
with frequency spectrum 

The functions are plotted using the on-line printer, which 
rounds off values to the nearest line and carriage position. In 
addition, only 100 points can be plotted, so that information in 
longer data records may not be shown. Therefore, the option is 
provided for listing all points computed for each function, including 
those plotted. 

Appendix C includes data for output of sample problem. 
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APPENDIX A 

DETAILED INPUT INSTRUCTIONS 

Data Reoord Input. The user should insert an appropriate READ 
instruction (with FORMAT statement) into subroutine TRASH to 
read his data into the array P(I,J), where I = 1, 2, ••• , IMOC; 
J = 1, 2; and IMX is the number of data points in each record J. 
If the data are on cards, they should be placed last in the input 
stream. The sample input described in Appendix B and shown in 
the listing below provides for reading data punched on cards. 

SUBROUTINE TRASH(NSIG,IMX,ALPHA) 

COMMONP(2000,2),R(1000,2),KUE(5),NO,XXR(1000),V(2) 
DIMENSIONRMKS(8),HEAD(5),A(lOO,3) 
DATA HEAD/'FUNCTIONS CONSIDERED'/,RMKS/'SAMPLE OF FIRST 100 DATA P 

10INTS'/, N,NL,NS,NXS,NYS,XMIN,XMAX,YMIN/ 100,0,0,0,1,0.,100.,0. 
2/ 

READ NUMBER OF DATA POINTS PER RECORD, IMX 

IMX=201 

LOAD DATA INTO ARRAY P(I,J) 
D010J=l,NSIG 
READ(5.100)(P(I,J),I=1.IMX) 

100 FORMAT(16F5.0) 
10 CONTINUE 

IF(KUE(l).EQ.O)RETURN 
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Card 
Card Column 

1 1-14 

1 S-80 

2 1-80 

3 1-5 

3 6-9 

IDENTIFICATION CARDS 
(Two cards for each run) 

Identification 

Number of problems in 
run 

Problem title 

Problem title 
(continued) 

Options requested 

KUE(l) = 1 

KUE(2) • 1 
• 2 

KUE(3) • 1 

= 2 

= 3 

KUE(4) = 1 

2 

• 3 

KUE(S) • 1 

2 

KUE(I) 0 if option 
not used 

Not used. Reserved 
for expansion of 
KUECI) coding 

Remarks 

Integer, right-justified 

Alphameric, up to 156 

Character 

Integer KUE(I) = 0, 1, 2, or 3. 

Plot of first 100 data points 

Amplitude probability density function 

List pf PDF values 

Autocorrelation 

Plot of autocorrelation 

List of autocorrelation function 

Crosscorrelation of two signals (no plot) 

Plot of crosscorrelation 

List of crosscorrelation 

Fourier transform of the autocorrelation 
function (mean square spectral density) 
List of transform coordinates 

3 10 Number of data Integer 1 or 2 
records in problem 

3 11-15 Recording rate, Floating paint 
points/second 

3 16-20 Frequency resolution Floating point 
desired in calculation 
of spectrum, 
cycles/second 
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APPENDIX B 

SAMPLE PROBLEM INPUT 

As an example, a complete analysis was made of flow rate 
recordings from two pumps drawing from a common source and 
discharging into a large header. The pump suction heads were 
reduced considerably below design value as part of a test of the 
system behavior under simulated emergency conditions. The pumping 
rates were unsteady, and it was of interest to correlate the 
transients in the two systems as well as determine the mean flow 
rates and characteristics of each. 

The data for the input required for the problem were coded 
on punched cards and read in with the statement shown in sub
routine TRASH (page 11). Appendix C shows the output. All 
options were requested. 
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APPENDIXC 

SAMPLE PROBLEM OUTPUT 
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BASIC STATISTICS IJN THESE SIGNALS ARE AS fOLLOW 

THE MtAN AMPLITUDES ARE -0.060 AND 
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fOR SIGNAL NO.2 MAXIMUM VALUE= 1.110'0 MINIMUM- 1.0900 
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N 
N 

NORMALIlED AMPLITUDE ,P/PMAXI AND PROBABILITY 

P/PH,AX-•••• P~08=.O 
P/PM,Ax"-.80 lfROa =.005 
PI PHAX"-.60 PROS-.015 
P/PHAX=-.40 PROB=.015 
P/PMAX--.20 PROS-.030 
P/PMAx=-.OO PROS=.OItO 
P/PIUXa O.20 PROS-.040 
PI PMAX-0.40 PRoa-.020 
P/PMAX-O.bO PRca=.OIS 
P/P"Ax-o.eo PRoe-.005 
P/PMAX-l.DO PRoe •• oos 

P/PMAX=-.96 PR08=.O 
P/PMAX--.76 PRos-.010 
P/PMAX=-.56 PRDB=.OlS 
P/PMAX=-.36 PROS-.O 
P/PMAX=-.16 PROB=.OSO 
PI PMAX-O .04 PRO B" .02 5 
P/PIIIAX=O.24 PROB:.035 
P/PMAX-O.44 PROB=.035 
P/PHAX=O.64 PRoa~.o 15 
P/PMAX=0.84 PROS-.O 
P/FJ4AX= 

P/P~AX=-.92 PROB=.O 
P/PMAx=-.72 PROS".O 
P/PMAX=-.52 PROB-.~O 
P/PMAX=-.32 PRoa-.o25 
P/PMAX--.1Z PRoa-.025 
P/PMAX-O.OB PRoe-.o3o 
P/PMAx"O.Z8 PRoe-.020 
P/PMAX-0.48 PROB-.a15 
P/PMAx-a.bs PRDe ... a15 
P/PMAXaO.S6 PROB-.O 

P/P'1AX--.66 PROB"'.005 
P/PMAX--.68 PROS-.005 
P/PMAX--.48 PRoe-.020 
P/P~AX"-.28 PROB-.OSO 
P/PMAX"-.OS PROS-.020 
P/P"'AXoi O.12 PROS-.040 
P/PMAX-O.32 PROB-.065 
P/PMAX-O.52 PROS-.O 
P/P'UX=O.72 PRO:S=.020 
P/P~AXaO.92 PROS-.O 

P/PMAX--.81t PROB-.OOS 
P IPMl x_-. bit PROB-.025 
P/PMAX--.44 PROSa.030 
PfPMAX--.24 PRoe-.040 
P/PMAX--.04 PRJe-.065 
P/PMAX-O.1b PPOB-.025 
P/PII44x-O.3b PROS-.025 
P/PMAx-O.56 PRDS-.020 
P/PMAX-o.16 PROB-.O 
P/PMAX-O.96 PRJB-.O 
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AUTOCORRELATlOt\ FUNCTION RR 
BANtW!OTH RESOlUT!CN SPECIFIED TOO SMALL. RtSET TO 100 



LIST UF AUTOCORRELATION fU~CTION VALUES, NJRMALIZEO 8YRIl.J'- 4.30014E-0[. LAG [NCREMENTCSECJ- 0.10000 

., 1,J)-O.4300 Rt 2,J .=0.4093 R( 3,J)-0.3589 R( 4,J).0.2819 RI 5,J)=0.1863 
RI 6, JI =0. C796 PI 7,JJ=-.03lb RC 8 ,J I =-.1390 R« 9,J.--.2363 R( 10,J)--.3168 ., 1,l,J)--.313f:t RC 12,JJ=-.4044IU 13,JI.-.4066 R( 14,JJ-.3806 R, lS,JI=-.321S ., 16,JI-.2509 Rt 17,JJ-.1S5b R( 18,J J.-. C480 R ( 19,J'-0.0634 R( 20, JI =0. 1100 ., 21,JI=0.2650 RC 2Z,J) =0.3414 R I 23,JI"O.393b R( 24,J.-o.4156 RC 25,J )-0.4051 ., 26.JI=0.3628 R( 27.J)-.0.2933 RC 28,J}=0.2044 R( 29,JJ ~O.1027 RI 30,JJ·-.OO4-4 ., 31, J} -.1091 101( 32,JI=-.20b8 R( 3,),JJ=-.Z894 RC 34,JI--.3513 RI 35,JJ=-.3886 .. 36.J."'-.3979 R( 37,JI=-.3796 R( 38,JI .:-. 3344 Re 39, JJ --.2648 R ( itl,JI--.1760 

IV 
., 41, J''''-.0131 IH 42,JI=0.0361 R( 43,J 1-0.1439 RC 44,JJ.aO.2414 Re 45,JI ",u.3224 ... ., 46"J)=C.31&2 Re 47,J) "'0.4055 RC 46 ,J' =0.4013 R ( 49,JI=0.3656 R( 50,J ... 0.3030 ., 51,JI=O.2191 IU 52,J '=0.1206 R ( 53,J 1"0.0146 R( 54,JJ -. 0920 RC 55,J)--.1909 ., 56,J."-.2765 RC 57,J)-.3422 P:' 5S,JI--.3843 RI 59,JI--.3987 Rt 60,JI--.3851 ., 61,JI"-.3437 Re 62,J'-.2713 Re 63,JI--.1895 R( 64<,J)=-.0859 RI b5,JI .. 0.0259 . , 66,J'-O.1370 R{ 67,JI=O.2367 Rt 66,JI=o.3227 R( 69.Jt.0.3811 RI 70,J) ",0.4119 .. 7ltJJ-O.4092 R( 72,J) aO.3746 R( 73 ,JI "0.3125 RI 74.J,-o.2272 RC 7S,J,.0.1268 ., 76,J)-0.0177 RI 17,JI"-.0926 RI 76,J 1--.1952 R( 79,J} ~.28.ftO R( 60,JI·-.3533 

"' 81,JI--.3953 R( 82,JI""-.4105 RI a3,J 1=-.3952 PI 84,JJ.-.3528 R( 85,JI .. -.2826 ., 66, J 1"-.1907 R ( 87,JI=-.0845 RC tjb,J) =0.0307 RI 89,JJ.O.lIt10 RI 90,JI·0.2511 ., 91,JJ-0.3360 RI 92,J 1-0.3956 R ( 93,J •• 0.4243 P.( 91t,JI.O.4202 R( 95,JJ-0.3838 ., 96,J'-0.3179 RI 91,JI-0.2285 RI 98,·JJ.0.121t9 RI 99,J.-O.0136 R( 100,J •• -.0963 
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l.IST OF AUTOCORRELATION FUNCTION VALUES, NORMALIZED BYP.Cl,JJ. 1.63684E-02. LAG INCR EM EMTI SEC ,= 0.10000 

R' 1,J)=0.0164 RI Z,J ':c0.0115 RC 3,J '=0.0052 RC 4,J'J-O.0008 ft( 5,JI--.0024 

"' 6,JI--.0057 RI 7,JI =-.0016 RI tI,JI=-.0014 I'l( 9,J 1--.0053 RC 10, J )--.0029 

"' ll,J.--.0015 RI 12,JJ=-.0005 RC 13,J' =0. 0000 RI 14,J,'.0• 0006 RI 15,J)-O.OO08 

"' 16,JI=O.0012 RI 17,JI"'O.OOI7 RI 18,J 1=0.0013 RC 19,J.'-Q.0003 RC ZO,J.-.OOO3 R, 21,JI-.0003 R( 22,J''''O.OOOl RC 23,J'=O.0016 fll 24,Jf-O.0031 RI 25, J 1-0.0039 
R' 26,JI-O,,0036 RC 27,.,.)=0.0022 R( Z6,J ).0.0001 RC 29,JI--.OOI9 R( 30,J)--.OO34 

R' 31,JI-.D040 RI 32,JJ=-.0029 RI 33,JI=-.OOI9 R« 34,J)-·.OOllt RC 35,J.=-.OO16 R. 36,J.=-.0012 fll :n,JI-.0006 RC 38,J,=O.0002 RI 39',"'!-0.0003 RI 40,JI"'0.OO08 
tv R' 41,J.=0.0015 fll 42,JJ=O.0030 RI 43,J )=0.0035 R( 44,JJ-0.0027 R( 45,J)-0.OO12 cr- R' 46,J)-O.0002 RI 47,JI=-.0006 RC 48,JI=-.OOll RC 49,JJ,--.0013 fll 50,J )--.0016 

R' 51,J)--.0016 RI 52,J '=-.0018 RC 53,J ).-.0015 RC 54,J).·.0004 RI 55,J)-0.0011 

R' 56,JI-O.0025 R( 51,J)-O.0030 RC 58 ,J I =0.0027 R I 59,JI'.0.0016 RI 60,JI-.OOOO 

R' 61,JI--.0012 RI 62,JI--.0025 R( 63,J."'-.0034 RC 64,JI'-.0043' RC 65,JI·-.OO36 R, 66,JI-.0023 RI 61,J'-.0003 RC 68,J 1-0.0012 RI 69,J •• 0.0024 RI 10,JI-O.0029 R. 71,J'-O.0031 R( 12,J}-c0.0039 RI 73,J •• O.0033 RI 14.JI;-o.0019 R( 15,JI·-.OOOl 
R' 76,JI--.0024 R( 17,J)=-.0033 R( 18,J )·-.0031 RI 79,J"-.0022 R I 80,JI-.OOO~ 

R' 81,J)-0.0012 RI 82,JI-0.0020 RI 83,JI-o.00l1 RI 84"J ' .. 0.0008 RC 85, J )-- .0008 
Rl 86,JI--.0031 RI 81,J'-.001t3 RI 88,J' -.0041 RI 89,J.-.0028 AC ,90,JI--.OOH 
R' 91, JI-0.0007 RC 92,J)""'0.0028 RI 93,J 1-0.0041 RC 94,JI-O.0053 RC 95, JI -0.0045 R, 96,J'-O.0040 RC 97,J)-0.0036 R( 98'JI-0.OO2:6 RI 99,J.-o.0004 RI 10a,JI.-.OO23 
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CHltkT 6 
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I I I I ***. I **** I *' * I 
11 00 1 1 I' 1 
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1 1 I 1 1 1 1 1 
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1 1 1 
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-5.000E 00-4.000E 0o-3.000E OG-2.GGOE Oo-I.OOOE 00-2.BblE-06 I.OOOE 00 2.000E 00 3.000E 00 4.000E 00 5.000E 00 

CROSS COVARIANCE FUNCTION OF DATA SIGNAL TIME INTERVAl= 0.1000 SEC/PT 



IV 
00 

l.l ST Of All. VALUES Of CflOSS COfl:RfLATION fUNCT ION 

~O. PTS = 199 OT- 0.1000 

-.3 701-.'t091-. 39'tZ-.36 24-. 2cH7- .19HO-. 08240.02100.11 720. 20090. 26690. 29910. 33090. 33320. 30750.25250.20830.16010.1045:) .0421 

.0339-.1186-. 2089-. 3120-. 3982-. 4301-. 4116-.3608-.2925-.1894-.05250 .07700 .18310.26510. 32420. 3 5510. 3 531"0.33510. 2911 0. 2335 

.16940.104]0.0428-.0097-.0748- .16 76- .2663-. 3423-". ]945-. 4171-. 402&-. 3405-.2310-.10""80.02720.15300.26150.34440.39100.4150 

.31i66C. 34750.2711 O.18900.0936-.0054-.0':f78-.1136-.2482- .3116- .3569- .3769-. 3682-. 3307-.2534- .1469-.02550. 09380. 1881 O. 2542 

.30020.30850.30010.25930.21520.18290.14990. 09280.0292-.0387-.1072-.1163-.2365-.2152-.2895-.283 5-. 2bl7-. 2027-.1264-. 0266 

• oa13 0.17090.23540.26500.21240.24880.21103.17010.126 70.09420.06950.0317-.0232-. C935-. 1653-.224<)-. 2 761-. 2910-. 2905-.2607 

.2 J08-. 13t't-. 03490. 06100. 14630. 22180.26950.28440.26191].26000.22390.17670.13520.09130. 02 69- .0390-.1205-.2070-.2841-. 3396 

.3699-.3414-.2930-.2136- .10410.00910.12110.22740.29980.33350.32270.2 8910.24260. 18960. 12790.0603-.0216-. 09H-.1589-.1910 

.2151-. 227t:-. 2344-. 2201-. 191 8-. 1533-.0988-.03350.03950.109.10.17150.22100.23270. 19990. 16090.11290. 07320. 04690. 02640. 0148 

.0211- .0810-.1232-.1336- .1455- .1535-.1401-. 119't-. 091 <r. 07<il4-. 0531-.01110. C381 o. C8000.1 0830.13510.14230.12210.0881 

fUU~lER TRANSFRH Of AUTOCORR ElAT ION fUN' nON fOR POWER DENSI TY ANAL vSI S 

:-10. Of PTS TO COMPUTE SPECTRU~=L= 100 
kECOROIhG RATE a ALPHA.., 10.0 PTS/SEC 

THE NYQlIST FREQUENCY fOR THIS DATA IS 5.00 HZ 

THE f~ECUENLY INCRE~E~T IS ~ 0.100 HZ 

REAL 11"£ STARTJNG POINT ~SSIGNEO TO DATA WAS 0.0 SEC,CONTINUING FOR 

DATA PA&OEU OUT TO 126 PTS. CCMPUTEO RESOLUTlCN IS 0.0781 HZ 

20.10 seC. 
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o.c HZ RMS .. 1.629 0. 08HZ RMS" 1.81e a.IbHZ RMS· 1.748 0.23HZ RMS- 0.814 O.31HZ PHS- 3.327 
0.39HZ RMS- 14.851 0.47HZ RMSo lb. 3 73 0.55HZ RMS- 2.631 0.63HZ RMS· 1.108 0.10HZ PI'IS· 2.163 
0.78HZ IU'Sc 1.996 0.86HZ RMS' 1.252 0.94HZ RMS· 0.515 1.02HZ RMS- 0.894 1.09Hl PHS- 1.10i 
1.17HZ RMS= 0.811 1.25HZ FlMS= 0.437 1.33HZ RHS· 0.459 1.1t 1 HZ RHS- 0.723 1.1t8HZ PNS· 0.7l!.-
1.56HZ RM$: 0,480 1.64HZ R,MS· 0.274 1.72HZ PMS· 0.417 1. 80HZ RMS- 0.594 1.81HZ RMS .. l.lt9lt 
1.9SHl RNSa 0.219 2.03H1 RMS", 0.293 2.11HZ OMS- 0.449 2. 19HZ RMS- 0.1t75 2.27Hl PHS- ).335 
2.34HZ RHS" 0.209 2.42HZ RH5'" 0.323 Z.50HZ R~S- 0.423 2.58HZ RHS- 0.371 2.66HZ PHS- 0.220 
2.73Hl RJI'S- 0.224 2.S1Hl RMS- 0.344 2.89HZ RMS- 0.371 2.91HZ RHS- 0.217 3. 05HZ PMS· 0.17l 

VI 3. 12HZ RMS~ 0.256 3.2OHZ RMSo 0.346 3.28HZ RMS- 0.313 3.36HZ RHS- 0.196 3. 44HZ PHS· O.laz 
0 3.52Hl RMS- 0.289 3.59HZ RHS= 0.322 3.67HZ PHS- 0.247 3.75HZ RHS· 0.156 '.83HZ PHS- J.217 

3. 91HZ Pf4S ... 0.305 3.98HZ RM$= 0.288 4.06HZ RHS_ 0.187 4.11tHZ RMS- 0.162 4.22HZ PHS_ o.2s) 
4.30HZ RMS- 0.300 4.37HZ RHS'" 0.Z37 4.45HZ RMS· 0.147 4.53HZ RMS- 0.200 4.61H1 P"S- O.2IU 
4. b9Hl RHS= 0.275 4.77HZ Rf04S" 0.190 4. 84HZ PHS .. 0.149 4.92HZ RMS- 0.21t0 5.00HZ PMS- O.Z liS 

OATA PADoeo OUT TO 128 PTS. CONPUTEO RESOLUTION IS 0.0781 HZ 
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1 1 1 1 II II 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 * I' 1 1 1 1 1 1 1 
1 * 1 1 1 1 I 1 1 1 
1 1 * 1 1 1 I 1 1 1 
1 1 1 1 1 1 1 1 1 

2. 49bt:-02 +-------+--**----+-.------+------+-----+-------+---------+---------+---------+---------+ 
• .,.... 1 I I 
1* 1 *1' 1 1 1 
I I • I •• I I I 
1 • I .. 1* *1 I I 
I • I I ** ...... I I 
I I I ,. • • ••••••••••• , 
I • I • ••• 1* • • I 
1 1 1 1 1 
1 1 1 1 1 

0.0 .---------.---------+---------+---------+---------.......... * ••••••••••••••••• --+---------+---------. 
0.0 l.OOOE 00 2.0QOE 00 3.000E 00 4.000E 00 5.000E 00 6.000E 00 7.000E 00 8.000E 00 9.000E 00 l.oooe 01 

THE NVQl..IST FREQUENCY FOR THJS DATA IS 5.00 HZ 

THE fREQUENCY I~CREMENT IS • 0.078 HZ 
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APPENDIX D 

LISTING OF CODE (FORTRAN IV) 

J5P-- / d. -'Pf 

/Vot ~~ 
. p~C-~ 

,¥yL, :; cf 



SEPT 691 OS/360 FJRTRA~ H 

JMPILER ODT!O~S - N~ME= MAI~,JPT;00,LINECNT;58,SOURCE,EBCOIC,NOLIST,~OOECK,LOAO,MA 

SUB~OJTINE FOJRIIDATA,N,ISIG~1 FFI 1 
C THE COOLEY-TUKEY fAST FOURIER TRANSFORM IN USASI BASIC FORT~.N. FFI 2 
C NOTE-- IT SHOULD NOT BE NECESSARY TO CHANGE ANY ST~TEMENT IN THIS FFI 3 
C PRO~RAM SO LONG AS THE fORTRAN COMPILER USED STORES ~EAL AN) FFl 4 
C IMA~INA~Y PARTS ADJACENTLY IN STORAGE. FFI 5 
C TRANSFORMIKI = SUMIDATAIJ)*EXP(ISIGN*2*PI*SQRTI-11*IJ-II*IK-11 FFI 6 
C INII, SUMMED OVER ALL J AND K FROM 1 TO N. DATA IS A ONE- FFI 1 
C OJMENSI)~.L :JMPLEX ARRAY (I.E., THE REAL AND IMAGI~ARY PARTS ARE FFI 8 
C ADJACENT IN STORAGE, SUCH AS FORTRA~ IV PLACES THEMI WHOSE LENSTH FFI 9 
C N=2**K, K.GE.O (IF ~ECESSARY, APPEND ZEROES TO THE DATAl. !5IGN FFI 10 
C IS +1 OR -1. IF A -1 TRAIIISFJ~M IS FOLLOWED BY A +1 ONE (OR VICE FFI 11 
C VERSA) THE ORIGINAL DATA REAPPEAR, MULTIPLIED BY N. TRAIIISF)~M FFI 12 
C VALUES A~E RETU~NED IN ARRAY DATA, REPLACING THE INPUT. THE TIME FFI 13 
C IS PROPORTIONAL TO N*LOG2INI, RATHER THAN THE ~AIVE ~**2. FF 1 14 
C ACCU~~:Y IS ALSO GREATLY IMPROVED, THE RMS RELATIVE ERROR BEING FFI 15 
C BOUNDED BY 6*SQRTI2J*lOG21~J*2**(-BI, WHERE B IS THE NUMBER "OF FFI 16 
C BITS IN THE FLOATING POINT FRACTION. ~RITTEN BY NOR~A~ BRE~~E~ OFFFI 11 
C M IT LINCr.J~1II LABJRATOR Y. JULY 1961. THI S IS THE SHORTEST VEI\SION FFl 18 
C OF THE FFT KNOWN TO THE AUTHOR. FASTEI\ PRJGRA"lS F)U~2 AND FClURT FF 1 19 
C EXIST TilT OPERATE ON ARBITRARILY SIZED MULTIDIMENSIONAL AR~AYS. FFI 20 
C SEE-- IEEE AUDIO TRANSACTIO~S (JUNE 19611, SPECIAL ISSUE ON FFT. FFI 21 

DIMENSION DATAII) FF1 22 
IPO= 2 FFI 23 
IP3=IPO*N F"1 24 
13REV=1 FFI 25 
00 50 I3=lrIP3rlPO FFI 26 
IFI13-I3REVII0,20,20 FF1 21 

10 TEMP~=DATA(I31 FFI 28 
TEMPl=DATA(I3+l1 FF129 
DAT~(!31=)ATA(13REV) FFI 30 
DATAl 13+1'=DATA( 13REV+ll FFI 31 
DATA(13REVI=TEMPR FFI 32 
OAT~(I3"EV+1I=TEMPI FF133 

20 IPl=IP3/2 FFI 3ft 
30 IF(I3REV-IPI15C,50,~0 FFI 35 
40 I3REV=I3UV-IP1 FF136 

IPl=IPII2 FFI 31 
IFIJPI-IPOI50,30,30 FFI 38 

50 I3REV=I3~EV+IPI FFl 39 
IP1=IPO FFI 40 

60 IF(IP1-I~3110,100,lOO FFI 41 
10 IP2=IPl*2 FF 1 42 

THETA=6.283185301IFLOATlISI:iN*IP2/IPOI FFI 43 
S I NT H= S I N( THE T AI 2. I " F Fl 44 
WSTPR=-2.*SINTH*SINTH FFI 45 
WSTPI=SI~(THETAI FFI 46 
WR=I. F"1 ~7 
W!=O. FF148 
DC) '10 11=1, IP 1, IDO FFI 49 
D08013=Il,IP3,IP2 FFI 50 
I2A=13 FFI 51 
12B=12A+IPl FFI 52 
TEMPR=~R~)ATA(I2BI-wI*DATA(I2B+ll FFI 53 
TE~~I=W~*DATA( 12B+ll+WI*DATA(I2BI FFI 54 



"lPTS=ffl BEl 
C "PTS= NO. Of CALCULATED TRANSFORM PTS LE.NYQU1ST FPEQ 

IFI~PTS.GT.200IGOT071 

0070 1=1 ,100 
AI 1,1/ =FLOI\TI 1-1/ *BE 1 
AII,21=0. 
IF 1 I • Lt. NP TS I A I I ,2 I = SQPT I OAT A (l , I I **2 +D~T A 1 2, I I **2 I 

70 CONTI'IIUE 
"'=1 
GOT) 13 

C THIS PLJT SCHEME EVENLY SP~CES PTS F~O~ 0 TO NYQUIST FRtQ 
71 M=ITMAX/200+1 

00721=1,100 
AI1,1'=FLOATIM*(I-1))*BE1 
RMS=DI\T~ll,M·1I·*2+DATA(2,M*II**2 

72 AII,ZI=SQHIRMSI 
C DEFINE UPPER END OF FREQ SCALE 

c 

73 CONTINUE 
X=fLOATIMI*lOO.*BEl 
00741 =1 ,20 

74 IFIX.LE.5.*FL)ATII))GOT077 
77 QWL=5.*FLOATIII 

CALLPLOTYINO,A,100,2,Nl,NS,HEAD1,NXS,NYS,QWO,QWL,YMIN,YMAXI 
BEPLOT=FLOATIMI*BEI 
WPITEI6,103)FF,BEPLOT 

IFIKUEI51.NE.2IGOT060 
CONLY w(ITE VALUES UP TO NYQUIST FREQUENCY 

IZTMAX=NPTS 
00761 =1 ,12TMAX,5 
0075J= I. 5 
HlIJI=FLOATII+J-Z)*BEl 

75 RMSSIJI=SQRTIDATAI1,I+J-11**2+DATAI2,1+J-11**21 
76 WRITEI6,11111HZlJ),RMSSIJ),J=1,5) 
80 CONTINUE 

100 FOR~AT(18A4) 
102 FORMAT13FlO.)) 
103 FOFlMATI'O',' THE NYQUIST FREQUENCY FOP THIS DATA IS',F6.2,2X'Hl'/1 

l1X,'THE F,EQJENCY I~CREMENT IS =' F6.3,' Hl'lll 
104 FORMAT I' l' ,,111, IX' FOURI ER TRANS fRM OF AUTJCOPR ELA T ION FUNC TI ON FO 

Ill. PJWER JcNS1TY ANALYSIS') 
106 FORMATI'J','NO. OF PTS TO CJMPUTE SPECTQU~=L=',!5/1X'RECOR01~G R~T 

IE = AlP;A = 'f5.1,' PTS/SEC'/I 
108 FOR"IATI'O','DI\TA PADDED OUT TO',I5,' PTS. COMPUTED RESOLUTyr)~ !S', 

IF7.4,' rll') 
109 FORMATI'O','REAL TIME STARTING POINT ASSIGNED TO OAf A WAS'F5.?, 

1 lx'SEC,CONTINLJING FOR'FlO.2, IX'SEC."'II 
110 FORMATI3IlI 
III FO R "I AT I 1 X, 5 ( 3 XF 6 • 2, , HZ' , 2 X ' R M S = '·f 8. 3) I 

RETURN 
END 



SEPT 69) 05/360 FO~TRA~ H 

IMPILER OPTIONS - NAME= MAIN,OPT=OO,LINECNT=58,SOUqCE,EBCDIC,~JLIST,~))~CK,LOAO,MA 
SUB ~ .Jun NE SPE ell TMAX ,AL PHA, NS I G, BE) 

C THIS 5JBROJTI~E A~RANGES THE TRA~SFO~M C.LCULATIO~ AND PLOTS RESULTS 
C ITMAX-N~MBER OF DATA POINTS 
C ALPHA-DATA RECORDI~G RATE IPTS/SEC) 
C TINIT=REAL TIME ASSIGNED TJ 8EGIN~ING OF D~TA SIGNIL 

. C QWO=INITIAL FREQUENCY, HZ 
C OWL= FI~AL FRE~UEN:Y PLOTTEO OUT 
C OQWVFREOUENCY INCREMENT, HZ 

COMMONP( 2000,2) ,RC 1000,2) ,KUE 15) ,NO ,XXR (1000) ,V121 
01 MENS IONA 1100,2 I. DA T A C 2,2000 I, HEAD lC 13) ,HZ I 5) ,R MS S ( 51 
DATAHEADI/'ROOT MEAN SQUARE Of TRANSFORM'I 
WRITE! 6,104) 

1 CONTINUE 
lINIT=D.O 
T IMAX=ITMAX 
L=ALPHA/BE 
IFIL .GE.ITMAX/2)L=ITMAX/2 
BE=ALPHAIFLOATILI 
01010=0.0 
IT"! AX-L 
WRITEI6,106)ITMAX,ALPHA 
FF=ALPHA/2.0 

C IFF IS THE FOLOING,OR ~YO~IST,FREQUENCYI 
WR I TEl 6, 1 03 IFF, B E 
DT-1.J/ALPHA 
TTOTAL=TI MAX*OT 
WRITEI6,109ITINIT,TTOTAL 

c 
DOtlOK=1,NSIG 

C PREPA~ATIO~ FO~ :OOOLEY TOOKEY SCHEME 
002 1=1, ITMAX 
OATilI1t1)=RCI ,KI 

2 OATAI2,11=0. 
C PAD OUT DATA SET TO NEXT POWER OF 2 WITH ZEROS 

ICK= ITMAX+l 
D04N=4,12 

4 If 11 TMA)(. LE. 2**N)GOT05 
5 INO=2**~' 

C CO~PUTEO BANDWIDTH RESOLUTION IS LESS THAN BE, BECAUSE JF °AODt~G 
BEl"ALPHlI/FLClATI INO) 
WRITElb,1J8)IND,BEl 
0031 =] C K.r NO 
O'HAIl,I1=O. 

3 OATAI2 oIl =0. 
CALL FOURlIDIITA,INO,-ll 

C UPON RETUR~, THE TRANSFDRM VAL~ES ARE STREO IN DATA 

C 
12 CONTI NUE 

NO=NO+1 
NL=O 
"IS=::I 
NXS=O 
NYS= 1 

C PLOTTING SCHEME SEEKS TO PLlT wITH G~EATEST POSSIBLE DETAIL 



SEPT 691 05/363 FORTRAN H 

~PILER OPTIONS - N4ME= MAIN,OPT=00,LI~ECNT=58,SOUR:E,EBCDI:,NOLIST,~OOECK,LOAD,MA 
SUBROUTINE CROSS (N,L1 

C SE~lES HAS ALREADY BEEN NORMALIZED 
C 
C 

CO MMONP 12000.21 , R I 1000,21 ,KUE I 51 ,NO, X XR I 1000 I ,V (2 I 
Dr MENS IONX Re500, 2' 
D0130J=I,L 
NJ=N-J +1 
SUMR =0. 
SUMS=O. 
001231=1, NJ 
IJ=I+J-.l 
SUMR=SU~~+PII,II*PIIJ,21 

120 SUMS=SUMS+P(IJ,11*PIJ,21 
FNJ=NJ 
XI< (J, l'=5JMRI IF\jJ*VI II*V( 21' 

130 XR(J,21 =SUMS/(FNJ*VIlI*V(21 1 
C THE NEGATIVE SIDE OF A LAGS B (XP(J,ll) IS THE R~FLECT!ON 
C OF B LAGS A THRU THE OROI~ATE AXIS. THUS A CO'HIIIUOUS ::~o<:s :OVARTAN::I 
C FUNCTION IS FORMED FROM THEM AS FOLLDWS--

IX'140 I=l,L 
140 XXR I II =XR 1l-1 +1,2) 

I I=L + 1 
IEND=2*L-l 
00150 I = 11 , lEND 

150 X XR ( I ) = X H 1- L + 1, 11 
C THE CROSS-COVARIANCE FUNCTION IS NOW DEFINED BY 2*L-l PTS. THE 
C l"PO TIME L~G POIIiT IS XXP(LI 

RET J RN 
END 

''''''''''''''''''''''''"_I'''"'''''"'.,"I~"'.'''''''''' 



SEPT 691 OS/360 FORTRAN H 

IMPILER OPTIONS - NA~E= ~AIN,OPT=OO,LINESNT=58,SOU~:E,E8CDI:,NOLTST,NODECK,LOAD,~A 
SUBROUTINEAUTOIK,N,L,INTI 

C THIS SUBR)UTINE IS FROM THE SSP-I! LIBRARY. AUTO COMPUTES 
C THE AUTOCORRelATION fUNCTION OF PI I,J I FOR LAG TI~ES 0 TJ L 
C a.ND STORE SIT IN THE ARRAY R 

COMMONPI2000, 21, RUOOO,2"KUEI 51 ,NO ,XXRI 10001 ,VI 2) 

AVER=O.O AUT) 04 

C 
C 
C 

IFI'J-l) 50,50,100 AUTO MO' 
50 RIl,K)=O. 

RETURN AJTO MO 
100 DO 110 I=l,N 
110 AVER=AVER+PII,KI 

FN="l 
AV ER=AV f:RI fN 

CALCULATE AUTJCJVARIANCES 

D0130J=1,L,INT 
NJ=\I-J +.1 
SUM=O.O 
00 120 I=l,NJ 
IJ=I+J-l 

120 SUM=SUM+(PII,KI-AVERI*IPIIJ,KI-AVERI 
FNJ='JJ 

130 RIJ,KI=SUM/FNJ 
RETURN 
END 

AUTJ 04' 
AUTO :l5: 
AUTO 05] 

AUTO () 5, 
AUTO 05' 
AJTO 05' 
AUTO 05! 

AUTO Cl'H 

AUTO OM 
AUTO 01>1 



C~LL PLJTYCNO,A,N,2,NL,NS,HEAOl,NXS,NYS,XMIN,XMAX,YMIN,YMAX' 
WRITElb,lll. IRMI(S211 I, 1=1, 13), OT 
IFCKUE(41.NE.3IGOT0302 
NCCF=2*L-I 
WRITElb,lD4JNCCf,DT,(XXRIII,I~1,NCCFI 

302 C ONTl NUE 
100 FORMAT (20A41 
101 FORMAT(ZI5,3flO.OI 
102 HJR~ATI IX, 'BA~DWIDTH RESOLUTION SPECIFIEO TOO SMALL. RESET TO' Ib, 
103 FORMATC')' ,'************LESS THAN 100 CROSS COVAPI~'II:E prlINTS 'I 
104 FORMATI 'l','LIST OF All VALUES OF CP,OSS CORRElaTION FUNCTIO'I'/'O', 

1''110. PTS ='15,' DT=' F8.4/'O',I20F6.411 
105 FORMATI'l' ,'LIST OF AUTOCORRELATION FJNCTION VALUES, N1RMALYZED BY 

lRIl,JI='l'E15.5,'. LAG INCREMENTISECI='OPFID.5/'O',c 5(' RI IT 4,',J 
2 1=' Fb .4) II 

III FOPMATI'O' ,13A4,3X'TIME INTERVAL=' F8.4,' SEc/PT', 
RETURN 
END 



SEPT 691 05/360 FJRTR4~ 4 

IMPILER OPTIUNS - N'ME= MAIN,OPT=00,LINECNT=58,SOJRCE,E8CDIC,~QLI~T.~lDECK,L)AD,~~ 

SUI:iF<JJT nEAUCJ~1 IMX, NSIG,AL~-iA,REI 
C AUCOR SETS UP COMPUTATION OF IUTO- AND CROSS-CO~~ELATION FIJ~CTIJ~ 5 

C 0'1'1 0\1 P I 2000,21 ,R I 1000,21 ,KUE 151 ,~IO ,X X R 11 000 1 ,V 12 I 
lH ME NS IONA 11 J:l, 2 I, HEAOliB I , R MKS I 131, R "IK S 21 13 I, R M~ S 31 131 

C PUTTING MATRIX A MUST HAVE EXACT DIMENSIONS 
DATA N,~,~S,~XS,NY5,XMIN,XMAX,YMIN,YMAX/I00,2,0,O,D, 0.,10).,-1., 

1l.I,RMKS2I'CROSS COVARIANCE FUNCTION OF DATA SIGNtlL '1, 
2PMKS/'AUT)CJ~RELATIJN FUNCTIDN'/,HEADl/'NORMALIZED COFRELATION FUN 
3CT ION' I 

NN=IMX 
NL=O 
L=ALPHA/BE 
IFIL.GT.IMX/2IL=IMX/2 
I NT=l 
DT=l./ALPHA 
IFI(UEI31.EQ.OIGOTOZ50 
IFIKUEI31.EQ.2IGOT0250 
()0250J=.1,NSIG 
IFIKUEI31.GE.IICALL AUTOIJ,N\I,L,INTI 

,C AUTO 15 THE SUBROUTINE WHICH COMPUTES THE AUTOCOQ.RELATIO~ FU'IICTlJN 
C NN= NO. OF DATA POINTS 
C L = ~AXIMUM LAG TIME TO BE USED 
C THE REMAINDER OF THIS ROUTINE HANDLES THE DETAILS OF 
C PLOTTING THE AUTOCORRELATID~ FUNCTIONINORMALIZEDI 

IF IKUEOI. EQ.1 IGOT0250 
I II= 0 
M=Ll100+1 
0021011 =1 ,100 
AI 11,1 I=fLOATlM*' II-ll I*OT 
AIII,21=). 
IFIM*II.LE.LIAIII,21=RIM*II,JI/RI1,JI 

210 CONT INUE 
XMAX=fLJATI100*MI*OT 
NO;'4~+l 

XMIN=O. 
CALLPLOTYINO,A,N,2,NL,NS,HEAOI,NXS,NYS,XMIN,XMAX,YMIN,YMAXI 

C I 05/3&0 LIBRARY SUB~)UTI'4EI 
WRITElb,lll) 'RMKSIII ,1=1,71,OT 
I FI AL P HAl BE .G T .F LOA Till I WR ITE 16, 1021l 
IF IKUEI3 1 .NE.3 IGOT0250 
WR IT I::( b,l 051 R' 1, J I ,0 T , II ,R II ,J 1 , 1=1 , Ll 

250 U1NT I NU E 
IfIKUEI41.EQ.0IGOT0302 
CALLCROSSIIMX,LI 
IFIKUEI~I.lT.2IGOT0302 

XMIN =- 50. *0 T 
X MAX =50. *lJT 
IFI2*L-l.LT.100IWRITEI6,1031 
I FI 2*L-l.l T .100lGOTJ302 

C LOAD PLOT ARRAY 
003001"1,100 
AI I, lI;FLJATI I-50 I *OT 

300 A ( I ,21 =X X R I L + I -5 0 1 
NO=NO+ 1 



StPT 691 05/363 FORTRAN H 

)MPILER OPTIJ~S - 'A~E= ~AIN,OPT=OO,LI~E~NT=58,SOUq:E,EBCD!:,~QLIST,N10ECK,LOAO,MA 
S UBP DUT! NE PDF I I MX ,NS I G 1 
DIMt:N5IONAKMXI511,AI51,21,HEADI 61,RMKS1201 
COM., DN P 12000, 2) , R I 10 0 0, 2 1,( UE I 5) ,N J , X Xil. I 10 001 , V I 21 
DATa HEAO/'PROBABILITY Of OCCURRENCE'I 
TMAX=I:-1X 
OOBOJ=1 ,)IS IG 

C FINO "~XIMUM VALUE OF FUNCTION IABSOLUTE) 

C 

B I G=O • 
S MALl=O. 
00I0I=I,I~X 
IFIBIG-P( I,J 1 12,10,4 

2 BIG=PI I,Jl 
GOTJI0 

4IFIPII,JI.LT.SMALLlSMALL=P(I,JI 
10 CONTINUE 

IF(BIG+$MALLI11,12,12 
12 PMAX=8IG 

GOTJ 13 
11 PMAX=-SMALL 
13 CONTINU:: 

X=-1. 
DX=.02 

C COUNT THE NJMBER OF TIMES THE FUNCTYON HAD IN AMPLITUDE INX+-DX 
DO 30M=I, 51 
K=O 
0020 I =1 , I MX 
PI J = P I I • J lIP MA X 
r F I (X - UX I • LT. P I J • AN 0 • P I J .L E. I X +0 X I I K = K + 1 

20 CONTINUE 
AKMX(M 1=( 
A"1 =M 
X=-1.0+2.0*AM*DX 

30 CONT INUE 
C BUILD PLOTY MATRIX 
C PLJr X ID'LESSI VS. PROBABILITY OF X 

004J "1=1,51 
IMl=II1-1 
A (M, 1 J =- 1 • +2. *AM 1 *0 X 

40 AIM,21=AKMXIMJ/TMAX 
NO='iJ+ 1 
NL=:J 
NS=O 
NXS=O 
NYS=l 
CALLPLDTYlNO,I,51,2, NL,NS,HEAD,N)(S,NYS,-l. ,1 .,YMIN,i MAX 1 
WRIT E16, 112)PMAX 
IFIKUtl21.NE.2IGOTOBO 
WRITEI6,1l01IAIM,11,AIM,21,M=I,511 

80 CONTINUE . 
110 FORMATl'l','NOPMALIZEO AMPLITUDE IP/PMAX) AND PR08A8IL!TY"'O',(5( 

l' P/PMA(='F4.2,' PRJB= 'F4.3, 1XII) 
112 FORMATIIX,'NORMALIlEO PPOBABILITY DENSITY FUNCTION',5X'(P~AX=', 

1 Fa. 3, , )' ) 



SEPT 691 OS/36) FORTRAN H 

)MPILER OPTIONS - ~~~E; ~AIN,OPT;00,LINECNT;58,SOU~:E,EBCOIC,NOLIST,NOOECK,LOAO,MA 
sUeR(JUTINE BASICIIMX,NSIG,ALPHAI 

C THE BASIC P~J~RAM COMPUTES AND WRITES OUT THE BASYC STATISTICS 
C ON THE OAT~. 

OIM=t~SlJNr.VGPI21 ,VARI21 
COM'10\lP( 2000, 21,R( 1000, 21 ,~UE (51 ,NJ, XXR( 10001, VI21 
T"'X=! MX 

C ~ACH S!GN~L IS TAKEN IN TURN 
0(5) J=l,"ISIG 
SUM=O.O 

C ITS '1EA~ VALUE 1= AVGPI FOUND 
0020 I =1 , I MX 

20 SUM;SUM+PII ,JI 
AVGPI J I=SJM/TMX 
SUM=O.O 

C AND ITS VA~I~NCEI=VARJI) & STANDARD DEVIATIONI=VIJ)) COMPUTED 
[)030 I=l,IMX 

30 SUM=SUM+IPII ,JI-AVGPIJII**2 
VARIJI=SUM/(TMX-l.OI 

50 VI J) =S ORT I VAR (JII 
I FIN S IG.EO .IIGJT065 
SIJM=O .0 

C NEXT, IF NSI~=2, THE COVARIANCE f. COEFFICIENT OF CORRELATION IS 
C CJMPJfED 

0060 1=1 ,IMX ~ 
60 SUM=SUM+(PII,1I-AVGPll11*IPII,ZI-AVGP(21) 

COVAR=SUM/ITMX-1.1 
COEF=COVARII VllI*VIZI I 

65 CONT I"JUE 
C ALL OF THIS I NfORMAT ION IS WR ITT EN OUT 

WRITEI 6,1001 
WRIT 1::(6,101 I IAVGPIJ 1 ,J=I,NS IG) 
WRITE I 6,1021 IJ,VARIJI ,VIJI ,J=l ,NSIG) 
IFI\lSIG.EJ.lIGOT061 
WRITE 16 ,1HICOVAR,COEF 

67 CONTlNU: 
C TO CONTINUE, THE MEAN VALUE OF EACH SIGN4L IS SUBTPACTED 
C fRUM THE DATA PECORD, SO THAT THE MEAN IS NOW ZERJ. 

0070J=1,IISIG 
0070 I =1 ,I MX 

70 P( I ,J)=P(! ,J)-IIVGPIJI 
100 FORMAT ('l',lOX'BASIC STATISTICS ON THESE SIGNALS ARE .4S FOlLOW'1 
101 FORMATI'O' ,'THE MEAN AMPLITUDES ARE',fa.3,' ANO',F8.31 
102 FOR~AT('O','FJ~ SIGNAL NO.',J2,' VARIMICE=',F8.4,' AND THE STANOAR 

10 [)EVIATlON=' ,FB .4) 
103 FORMATI '0' ,'FINALLY, THE COVARIANCE IS' f8.3,' AND THE rOEFFICIENT 0 

1F CORRELATION IS',F8.3) 
RETURN 
END 



C P~lPA~ATIJ~ ~JP PLOTTING A lCO-~T SAMPL~ OF THE ).TA RECJRU 
C IAII ,JI =ARRAI' USED BY THE PLOTTING SIJBP)UTI'JE WHY:H STORES INFO 
C TO BE PLOTTED 

002;) 1= 1, I"'X 
IFII.GT.100IGUT020 
T= I 
All,1I=T 
A I I • 21 =P I 1 .11 
All.31=0. 
IFINSIG.EQ.2IAII.31=PII,21 

20 CONTINUE 
NO=l 
M=NSIG+l 
CAll PlJTYIN),A,N,M,NL,NS,HEAD,NXS,NYS,XMIN,XMAX,YMIN,YMAXI 
WRI Tl:16 ,1041 IRMKS (I), 1=1 ,81 

104 FOR~ATI • 0'. 8A41 
RETJRN 
END 

- ' 
, 



104 FORMATC'3',40X'FIRST 100 DATA PJINTS ARE PLOTTED') 
105 FOR"IATC'O' ,40X'AMPLITUDE PPOBABLITI' DISTRIBUTION COMPUTED A'lD PUT 

iT EO' ) 
106/ FOR"1AT I' 0' ,40X'AUTOCORRELATION FUNCTTON CO~PUTED') 
107 FOR'1UC 'O',40X':ROSS CORRELATION FUNCTION COMPUTED') 
108 FORMATC'O',40X'MEAN SQUARE S~ECTRAL DENSITY COMPUTE) FROM T~E AUTn 

lCORRELATION FUNCTION AND PLOTTED') 
109 FOR~AT"O',40X'~UTO:ORRELATION FUNCTION PLOTTED') 
113 FflRMATC'O',4)X'AUTOCORRELATIlN FUNCTION PLJTTEO QNO ~LL COM"UTtl V 

lALUE S LISTED" 
III FOR'1AT('O',40X'CROSS CORRELATION FUNCTION PLOTTED') 
112 FORMAT I' 0' ,40X' CROSS CORRELAT ION FUNCT ION PLOTTED A'IID ALL C)~>UTED 

1 VALUES LISTED') 
113 FORMATI'O',40X'PROBABILITY DENSITY FUN:TION PLJTTED AND ALL :OMPUT 

lEO VALUES LISTED') 
STOP 
END 



SEPT 6'1) 05/360 fO~TRAN H 

I~PIL~R OrT'0~~ - NA~E; ~tIN,OPT;J8,LI~E:~T=5H,SOUqCE,E~CO':,~lLIST,~JDEC~,lJA),M~ 

C THI ~ I ~ HiE CCJNTR[lL PPOGRAM I-rHICH DTHTTS THE SEOJE>')(f: IF CALCU-
( L~TTD~S. 'T ~EADS THE RASI: INSTRUCTION CnD~ AND WR1TES A TITLE 
C P6Gl Fu. THE PRINT OUT. 

: c, MM ['I, PI 20 CO, 2) ,P ( 1000,2) ,K tiE ( 5) ,~' n , X X P ( 1 ODD) tV (2 ) 
0)' Mt:.'JS llJ ~I P MK S (39) 
r~~U(5,lCO)NPR08,PMKS 

C (~~KS ;S A~ EXPLANATORY TITLE,TWD CARDS IN LENGTH,WHlCH W'LL HElD 
C JP THE Pf.INTOJT) 

UlISIPP,)B=I,NPPOR 
R E\ U ( 5 , 12 1 ) K J E, ~ S I G, I\L P HA, B t: 

C ;\lL KUE(I) COllE llIPE(TS THE PROGP~M, AS FOLLOwS 
C KUE(l)=! CALl~ FnF PLOT OF FIRST 100 DATA PTS 
C KJE(?I=l CALLS FOR AMPL !TUDE Pi<'JRAB!lITY lJE'~S!TY Fll~!CTT(l\! 

r. =2 CAllS FOR L T ST OF PDF VALUES 
C KJE(])=l caLLS fJP AUTJC~~RELATI(lN 

C =2 OlLS FOR PLOT OF AUTOCORRELATIOII! 
C =3 CALLS FD~ LIST OF AUTOCORRELATIO~ FUNCTION 
C (JE(4)=1 CALLS FOP CROSSCDRRElATT(lN OF TWO ~IGN'LS(Nr Pl1 T 

r: =2 CALLS FOR PLnT OF CROSSCOPREl.HIC"l 
C =3 CALLS FJ~ LIST OF CROSSCORREllTrON 
C KJU5)=1 CALLS FOR FDLJPIEP PA'JSFO~M OF T~E ~UTJCJ<,E-

C LITION FUNCTICN(M~AN-SQUARE SPECTRAL OENSITY) 
S =2 CALLS F), LIST OF F~S TRA~SFJ<~ CJDqOI~'TES 

C 
C NSlS= NU~B~R OF ),r8 RECJFUS IN PROBLEM (lOP 2) 
C AlPHA=FECCROING RAT E, PTSIS EC 
r tlE=Cf'S PESGLUTION OESlFED F'lP Df1WER SPECTRU'I CALCJLP InN 
c .. «"iIS' s;e: ... €:es:s IHhl' "tpdil;i; 5'lt')(1 

,!>Il Te( Q,l(2),e!KS 
"''( IT E( 6.1(3) 
IF (KU[ (1) • EQ. 1 h.J PIT E «(,,1 04) 
rr ( K UL ( 2 I • E Q. 1) w Q I TE ( " , 105) 
iF (KU t:( 2) • t:Q. 2)" F ITE If, 113 ) 
I F ( K LJE ( 3) • E Q • 1 ) W R ! TE ( 6 ,1 06 ) 
T F « U t ( .3 ) • f::l .2 ) WR I T E ( 6, 109 ) 
I f-( K Uti 3 ) • E fJ • 3 ) W R.I r E ( 6 , 110 ) 
I F ( K dE ( 4) • t Q. 1) W R; TE ( 6 , Ion 
1 f (K!J t:: ( 4 ) • tQ • Z ) tI " IT t ( 6. 111 ) 
If- (KUt: ('.). [Q. 3) WP 1 TE(6 ,112) 
I H < !J L( 5 ) • f\J E • C ) W R HE ( 6, 108) 
C~LL TRi,SH(NSIG,IMX, ALPHA) 

C (T.d~H ~tAllS IN T~E BASIC DDTA p(r,J). IT ALSO RETJP~S THE ~O.~F 

C DATA PTStlMX) 
CALL eASIC(I~X,NS!G,AlPHA) 

C (BASIC ~'Ll wQITE JUT ITS Fr~DINGS BEFORE RETUPN) 

c 
! F (K J ~ (2 ) • N E .0 ) C.I\ lL P 0 F ( T MX , ~s I G) 

IF«Jt(3).~E.O)CALL 4UCOD{I~X,~SIG,ALDH4,3E) 

~F(K'J[(j).I'E.)C.I\ll <;PEC(IMX,AlPH~,NSIG,RE) 

15 r, fl:~T H!Ul 
100 F':ll<h'~T (['t, 19><4/22 ~4) 
101 FIlR,'1b,T( 5) 1,15 ,2F5.0) 
lC2 F!1,,~.n('l',19A4111X,,2CA4111) 
In] F']P',1H(XX'THfc FOLLlltl!"lG fjDEPUIClNS 'I.PI:: PEOF)P'lED'I'O',/<1X'3~S': ST 

lATI~T!C5 :nMPuTEll (M~A~,VL~lANCE,STANDaPD lJEV'AT!ON,C0EFF'C'ENT Of 
2 U)OkI::UTlON)'j 



DATA! I2BI=lJATA! 12A l-TEMPR FF1 55 
OATAII2B+ll=OATAII2A+11-TEMPI FFl 56 
OAT~!I241=OATA(I2AI.TEMPR FFI 57 

80 DATAl 12~+1l=[}ATAII2A+ll+TE'1)I FH 58 
TEMPR=WR FF 1 59 
~R=wR*WSTP<-WI*WSTPI+WR FF1 60 

.90 WI=WX*WSrpR+TE~PR*WSTPI+wI F=l 61 
IPl=IP2 FF 1 62 
GO r:J 60 FH 63 

100 RETURN FF 1 64 
END FFI 65 




