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1. JINTRODUCTION

Applied Research, Inc. igs pleased to submit this final report on an added
scope to ioHntract NAS8-343%7 with NASA/MSFC. This contracf has centered on
tasks which support the Beta Flight Test Experiment which uses an aircraft-
borne laser Doppler velocimeter to measure the aerosol backscatter
coefficient. Tasks reported on under this added scope of work are:

A. Using the Beta algorithms developed in previous studies the
contractor will examine the 1982 Beta Flight Test Data for determining the
Atmospheric Backscatter coefficient.

B. Install a signal processing/enhancement program from earlier studies
and provided by the COR on a computer mutually selected by the contractor and
the COR.

C. Perform a preliminary analysis to determine the signal processing
methods which appear to be prime candidates for combining, to yield enhanced
processing capabilities for low signal-to-noise ratios.

D. Demonstrate by simulation the combinations obtained in Task C using

the program from Task B.

g 5
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g’; 2. BETA FLIGHT TEST DATA ANALYSIS OF POOR QUALITY

w

ﬁg Applied Research, Inc. has calculated atmospheric backscatter (B) from "
- data taken by NASA in the summer of 1982. See the Applied Research report to 4
g+ ' NASA entitled "Beta Experiment Flight Report, Contract No. NAS8-34337, August \ |
Xr 1982" for a descriptioa of the various flights. This data was taken by a

v Laser Doppler Velocimeter (LDV) operating in a single particle detection mode.

ﬁi The single particle detection mode utilizes a focus position where the :

majority of backscatter detections is singular. A focus of 10 meters was

g

P
r:““" e

determined to be sufficient to encounter single particles the majority of the

3
g

time,

| e §
r

SN

Applied Research's plan to generate atmospheric backscatter values for

r g; the various flights was to produce a computer code incorporating a previously
' - developed algorithm which required the single particle count data (histograms)
Lﬁ as input. The output of this computer code is the atmospheric backscatter ‘%
3” coefficient calculated from single particle data and is called "single ;
i particle B." NASA also requested that Applied Research process the volume :
§ jj data channel. Therefore, code was generated to also output a volume channel 8 i
- value. A description of the final computer code will be discussed in the '2
;; following sections and Appendix A contains a complete listing. In order to ’i

set up the computer code for automatic processing, several computational

T AP T P

i quantities had to be defined. These quantities were:
R,
T i} |
— 1) Establish correlation between signal value and channel number
| én on the signal processur.

!

"R . , S/N . " "

2) Establish the 23 value that corresponds to "zero Area",

e 4 _

gl i.e., determine absolute scale for .§é§. vs. Area.
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4) Waist S/N return at 10 meters.

Applied Research had previously performed the LDV system calibration
under Contract No. NAS8-34337. However, operation of the LDV at a focus of 10
meters required that additional data be taken to completely define the LDV
system. The additional data was taken by W. Jones of NASA and consisted of
the data required to calculate L pp 2t 10 meters and the waist S/N at a 10
meter focus. Applied Research's "Final Report - Beta Experiment" has a
description of L.ge 8nd how it is calculated for an LIV system.

Signal Processor Channel Calibration data is required to establish the
correlation between signal value and signal bin (channel) on the signal
processor. This relationship was established by W. Jones of NASA and is shown
in Figure 1. This curve was used for all single parficle B predictions in
this report.

In Applied Research Final Report - Beta Experiment, a plot showing the
relative relationship between Signal/Noise/Cross-section ( §é§) and Area
(Figure 2) was presented. Since plot has an arbitrary scale, it was necessary
to esteblish an absolute scale for Signal/Noise/Cross-section vs. Area. This
is the "single particle calibration" which was done using a sandpaper disk st
a focus of 10 meters. The following section conteins the theoretical argument
for the single particle calibration.

® Single Particle Calibration

In terms of the backscattering elements Gi of a rotating disk, the
signal is S = 3 oi 8y where 8; is the gain in the region of the ith element.

If elements of same value g; are grouped together into regions denoted by area
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elements "a", then § = % [ ? )%]3(“)! Now if o, = do  is a ]1
in a - ; \
differential, then S~ ¥ igg g da. This can be rewritten ua § = pfg(a)da,
‘ a
where p = ‘%% is the bidirectional réflectance of the surface and is

*

assumed independent of a. Since g = 57¢, Figure » can be used to obtain the

calibration constant C where g = C-5/0 = Cg'. C is some constant which will 3\
give the proper value to the equation ‘%L = [Cg'da, where S' is the

signal return from u sandpaper disk at 10 meters, and g' is the relatively

sonled 8/N/C data. Figure 2 shows the calidbration data which resulted from:*

=

this exercise, This dats allows & signal/noise/sigma to be associated with a 1
particular area at a 10 meter focus. ;1

Ry using the equation ~%[° x g(0) to tie-down the Area curve (Figure ?
%) at an Area of Q, a cross-section can be produced for each signal bin on the - ;

signal processor. This association of cross-section with signal bin was

caleulated for each single particle B prediction.

Algorithm Description ]

When all of the required information was completed, Applied Resaarch

proceaded to sét up a computer code which would automate the data predictions.
The computer nrediction code has 3 major sections which are repeated over and

over until uhe dats is exhausted. The first section is a subroatine (GETDAT)

to read the data off disk and translate the proper values te work arrays. The
second saction does the noise calculations for both the velume and single

particle chamnels of the data. Both ealeulations are done by using the data

to "look up" the noise values in a tabdle. A linear interpolation is done in
the table to obtain the final values. PThe third seotion is the subrautine

(DATANAL) whieh is the single particle B inversion routine.

P S T B S
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The BETA Data is packed into 768 byte records of the Signal V computer.
Each record of data must be decoded into the 384 words which are identified in
Table 1. The alternating noise samples were used tu calculate a “"noise
factor" for each set of data processed by the plgorithm. This was done by
monitoring the integrated volume B word in the noise set of data and then
calculating what noise (in dbm) corresponded to this value by using &
“"calibration table look up" with linear interpolatior. The noise data blocks
were further utilized by subtriccting off the noise hits in each bin for the
single particle BETA Data. Care was taken to compensate for bandwidth
differences between single particle noise and volume channel noise data.

The Beta Inversion Algorithm requires approximately 10,000 particle hits
to be accurate; therefore, the data had to be combined in most cases in order
to obtain the 10,000 partivle eount minimum. When this was done, the time
that corresponds to the data was also averaged over the data-taking interval.
Therefore, the output of the algorithm was single particle B versus time.
However, there is not a one-to-one correspondence between input data records
and output data points due to the combining which occurs when the number of
single particle hits is low.

A volume backscatter coefficient was also calculated for the same data as
for the single particle RB. This data requires integration since the LDV was
focused at 10 meters where it is likely that most of the time single particles
occupied the sensitive focal volume of the LDV. A volume g is normally
defined as the backscatter return from a collection of particles measured at

an instant. The volume Beta was calculated by using the following equation:

Vs/vn p0

where Vsris the integrated volume single, V, is the integrated volume noise,

CRIGINAL PAGE 1S5
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' Table 1. DATA RECORD
l @- TIMH: 1% CURRENT TIME
TIMM: )
‘ TIMS: [}
l TIMF: 10°°
i- *TIMHl: 12 TIME AT START OF RECORD ‘
* UTIMM1: @ A
: ' ‘TIMSl: 2
TIMFl: g
. 8- DATEM: 6 CURRENT DATE
DATED: 1
' ’DATEY: 32
11- 'STEPRL: @ lSTEPPER POSITIONS (NOT PRESENTLY USED)
STEPR2: @
“ STEPR3: @ |
f
14- VOLBH: @ /OLIME BETA INTEGRATORS
W VOLBL: @ [ ’
I %VOLBN: ¢
| 19- (PARMS: 171356 CONTROL REGISTER PARAMETERS
l CLOCKP: 11. PIGITAL FILTER CLOCK PERIOD
FILTER: 2 IF FILTER WIDTH
« 20- {TIMEON: 3 VIDEO TIME CONSTANT
l VCOFRQ: 140. VCO FREQUENCY
4 DOFSET: ¢ 11, A/D FILTER BIAS
23- IDISCRM: @ DISCRIMINATOR THRESHOLD
I‘” IFGAIN: 45, IF GAIN -
) 25- FWDID: ') [FORWARD/AFT IDENTIFIER
NDSETS: 1 ¥ SCANS PER WRITE ]
INTSEC: 104¢9. S PER INTEGRATION PERIOD 3
3 ADDASV: ¢ P IF ADDAS LINK ON
i ADDASI: 1¢@4. # MS PER ADDAS OUTPUT ;
, 30- SCAW: ) : P IF SCANNER ENABLED 3
I TASADD: 3¢0¢ AS FROM ADDAS 3
: TASKB: 300 AS FROM KEYBOARD §
. THETA: 509. NGLE THETA IN .§1-DEG UNITS
g 34- VCOOFS: @ CO OFFSET IN 53-KHZ UNITS
88 IDENT: BLHB  89. IDENTIFICATION STRING
128
ﬁ 383 DATA
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Sd'is the signal to noise return of a sandpaper disk at 10 meters, DD is the
bidirectional reflectance of sandpaper and Legs is the effective length of the
LDV while focused at 10 meters. L.oo was calculated by using data generated
by W. Jones at 10 meters which is shown in Figure 4. The corresponding Legs
is plotted in Figure 5, which shows how this data point fits in with othur
date points calculated by Applied Research.

The integrated signal, Vs in the volume channel was calculated by
subtracting off the average noise signal (Vn) for that time interval. The
signal return from a sandpaper disk at 10 meters at the focal volume waist and
the bidirectional reflectance of the sandpaper disk were supplied by W. Jones

of NASA.
Prediction Results

A total of 23 flights were processed by Applied Research. Some flights
had problems with the data which were caused by data transfer, but the large
majority did not. The prediction algorithm had only two cases where it did
not attempt to process the data: (1) If the airplane airspeed is less than
250 knots (such &s at takeoff or landing) and (2) if the Jast signal bin
contained more than 5,000 hits. Case No. 2 cccurs whenever dense clouds are
being flown through and since the algorithm predictions are inadequate here,
the data is ignored. Figures 6 through 27-A show plots of single particle B
and volume B as a function of time. Figures 28 through 49 show the average
aerosol backscatier cross-section as a function of time. Figures 50 through
71 show the atmospheric aerosol number density as a function of time. The 7
time on each plot is in minutes, calculated by multiplying the military hour

by 60 and adding the minutes. Note that Flight 12 is missing completely

10
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because none of the data was processable bty the single particle prediction
algorithm. Other gaps in the data cccur because of the two cases listed
above. Note that there are some single particle P predictions on some flights
which get very large. These instances correspond to cloud cases. In general
those large valuss of B cannot be considered as accurate since the algorithm
was not set up to handle high density large particles. The corresponding
average cross-sections and densities would also be suspect. Figure 27-A shows
the result of processing with only 1000 single particle hits. These results
are not significantly different from those for 10,000 hits and indicate that
shorter flight intervals per output beta point may be possible. Further
analysis of this question is regquired.

The single particle and volume backscatter coefficients differ by a
constant offset, the origin of which is not presently understood. This error
may be found in the calibration techniques or processor assumptions. An
evaluation of the uncertainties in the backscatter coefficient determinations

would illuminate this problem.
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ORIGINAL PAGE 13

1 POOR QUALITY
3. LDV SIGNAL PROCESSING ANALYSIS AND SIMULATION ot PO

L

Applied Research has utilized and modified a signal processing code f

written by the Wave Propagation Laboratory of NOAA. This code was written for

P e 1 W ¢

a Data General machine and utilized on the Sigma V computer at MSFC.
Conversion and implementation of this code constituted a significant task. A
listing of this code as it was utilized in this study is given in Appendix B.
A flow chart of the complete code is given in Figure 72. E
Basically the code is capable of generating a sinusoidal signal with ‘

noise or a narrow band random process signal with noise, and processing this

signal according to selected algorithms to give frequency estimates. It is

the narrow band signal which is appropriate for LDV studies. The code was

used in these studies to generate the standard deviation of the mean frequency i 3
estimate as a function of the input signal-to-noise for a narrow band random %
o process, over an ensemble of 1000 different cases for each point. This ; E

quantity leads directly to the expected velocity error for a given case.

Use of the Code

The signal processing program used by Applied Research, Inc. is listed on

the NASA computer system as ARIDAN and XARIDAN. The ARIDAN is the fortran

listing of the program, while XARIDAN is the executable source.

There are two ways of running the program. One is to execute a command
file labeled DANCMD. This will set the logical unit number ten for terminal
output. The second way is for the user to set the logical unit ten for a
terminal output, then start XARIDAN.

Once the program has been started, data input will be requested. The
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program will need to know if the user‘wants sinusoidal or narrow band random
process synthetic data. The program will then list the available estimators
and give the user an option to use or not use them. Then depending on which
estimators are being used, the program will ask for inputs needed to run those
estimators.

Inputs that are common to every estimator are: (1) the frequency of
synthetic data (FREQ); (2) for narrow band random processes, the standard
deviation of the signal (SIGMA); (3) the signal to noise ratio of data (SNR);
(4) the number of input data points (NTOT); (5) the length of the transform
for spectrum (NPTS); (6) Hanning window for fourier transform (IWNDW); (7) the
number of estimates (NEST); (8) type of spectrum plot (LOGSCL); and (9) does
user want a hard copy of input parameters.

The number of input data points and the length of the transform determine
the size of the signal generated. If NTOY l!s less than NPTS the program
generates a signal of size NPTS. If NTOT is greater than NPTS the program
will generate a signal with the size the closest power of two larger than
NTOT.

When the Fast Fourier Transform estimator is used the system will ask for
the FFT averaging time constant. This parameter is used to set the number of
times a block average will be done.

When the Adaptive Filter - Weights estimator is used the system will need
to know the order of the filter (LORD) and also the normalized adaptive
constant (ALPHA).

When Adaptive Filter - Predicted estimator is used the system will need
the same parameters as Adaptive Filter - Weights but will also require some
others. The program will need to know the number of samples to use in the

prediction filter. It will also want to know if user wants to cascade the
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filter with the NMulti-Lag Complex Covariance estimator. This option wes added
by Applied Research.

Finally, when the Multi-Lag Complex Covariance estimator is used the
system will need to know the order of the estimator.

After inputs, the program will clear the screen and make the plot of the
first time series and ask user if a hard copy is wanted.

The program will then proceed to the signal processing and a plot of the
power spectrum for each estimator will be made. After the processing is done
the terminal bell will ring twice and a question mark will be displayed. This
gives the user the time to make a hard copy from the terminal and then press
return to continue.

The program then clears display and asks the user if a histogram is
wanted. Choices of histograms are power, frequency, and width. If user does

not want a histogram, the user may either restart program without exiting, or

end processing.

OF ROOR QurumY

87

R R e \ TR

i g et B T T TR e

st o T

s

A S T TR A R AR

st borgs

dal e gdet ot L

Pt




r
x
3
i
.
N

ooy

oy

s

ORIGINAL PAGE 18
Analysis and Simulation of Processing Methods OF POOR QUALITY

In a previous report (Final Report on Contract No. NAS8-3%433%7, June 1982)
the application of adaptive filtering to LDV processing has been considered.
It was seen (Figure 6.5) that an adaptive linear predic*ive filter (ALPF)

offers several dB improvement over the pulse pair processor within a large

range of S/N values for the input signal. However, the theoretical limit
(Cramer-Rao Bound) for improvement is still beyond this, indicating that
significant further inprovement is possible. The poly-pulse-pair (PPP)
processor was know to follow the linear predictive fil{er result but
theoretical or simulated results for the ALPF preceding the PPP processor had
not been obtained. Under the present task, results for the PPP processor (on
the figure called multi-lag L=4 case), and the ALPF have been separately
simulated. Then the two processors have been cascaded with the ALPF preceding
the PPP. As a baseline, the result of an FFT on the input has been calculated
using the multi-lag L=1 algorithm.

The processing simulated was taken to be appropriate to the MSFC pulsed
system, with a sampling rate of 15 MHz. A Doppler frequency of 4.5 MHz was
assumed, although this is incidental to the result. A narrow band random
process signal was synthetically generated with a standard deviation of .02
yielding a velocity standard deviation of .48 m/sec for a total spread of
about 1 m/sec. A data sequence of 64 points was used, corresponding to a 4
microsecond pulse with a length of 1200 meters.

The PPP processor was taken to have four lags, and the ALPF wes taken to

have four weights. The convergence factor, o, was taken to be .1 (See R. J.

T Ty KRR

Keeler, NOAA Technical Memorandum ERL WPL-49, p. 15). !
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Figure 72 shows the result for the standard deviation of the velocity

error in predicting the mean value for the several methods mentioned above as
a function of the input signal-to-noise of the signal. One thousand spectral
estimates were run to obtain each point. The ordinate of this figure should
be multiplied by .795 to obtain the velocity error in meters per second, The
results of this analysis are summarized as follows:

1. There is probably no significent difference in any of the methods at
the extreme points + 10 dB.

2. In beiween the exireme points, there is a region (near 5 dB) where
the PPP method and the cascaded processor (ALPF followed by PPP) give the same
result; there is a region (near 0 db) where the PPP is slightly better (about
.5 db) than the cascaded processor; and there is a region (near -5 db) where
the cascaded processor is somewhat better (about 1 db) than the PPP processor
The FFT (multi-lag order = 1) is the least desirable in all these cases, but
serves as a standard of comparison.

The conclusion from the results is that optimum processing techniques may
depend upon the signal-to-noise level. 1In such a case, a more detailed
mapping of the various regions would be in order. This was not possible under
the present contract because of the long run times required. However, these
results indicate that the use of an adaptive filter as a part of the
processing chain will lead to an improvement over the PPP processor of around
one db for the pulsed LDV system near -5 db.

A remaining question which must be addressed concerns the convergence
time of the adaptive filter. There is no theoretical work available at this
time on this question for narrow band random processes, to the author's
knowledge. fThese simulations have been guided by resulis for sinusoidal
signals. It must yet be established that an adaptive filter can adapt using

the amount of stationary dats avaiiabdble in one or several LDV pulses.
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ORIGINAL PAGE IS
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o APH 22, 7E3 DC/ARIDINMGIILERD L o e e -
tols = 1e000 C e e e e e . e :
T2 - 2,000 C ‘ ' t
g = 3.000C PCGRAM CFSTIM -ﬂ_m.wﬂi
; &1“ 4,000 C @
. ¥ S Ss000C_ . e e e X
y{ﬁ - 6.000 C~ BY R. JEFFREY KEFLER 3
: - 7000 C _ . _ . _ RON A, R[CHTER L A :
©. 9 .=  Y.000C . SHANE C. POthSCN _ e
L I 10,000 C DAVE KCHURCHILL
= 114000 C oo s e e e - .
11z - 12.000 C
e - _1%.000 C e L
A, = 1440007 C
15 - 19.000 C L .
1 = 164000 C T SwITCATFUNCTIGNS - T
e w000 C
I - 16,000 C 0 PLNT 1I"E SFRIES
J38 - 164000 C 1 _PLUT FrT_ L o
T4 =7 204000 C 2 " PLOT PAX ENTROPY=BURG
szﬂ;- 21,000 C 3 PLOT MAX ENTROPY-YULE/WALKER N
e d = 22,000 C 37 PLOT ADAP-YAX cYTROPY
L i - 23,000 C 5 _PLOT _ADAP=WEIGHT TRANSFORM
o - 24,000 C " “PLUT AUAP-PKREDICTED DATA TRANSFLRY
L IS5 = 26,000 C 7 _PKINT CPMPLEX COVARIAKCE SPLCTRLM NOMENTS
S 26,000 C b PLOT TRANSFORKM OF MULTI-LAG COVARIANCE FUNCTICN
:JLe 27,000 C _9 PLOT AVFRAGFD FFT .
-8 - 28.000 C T10-12  SPAKE
P = 29.000_C__ 13 __ PLD1 NEw FRECCUENCY AXES, __ oL
Boo- 30,000 C 14 " DO HISTOGRA"S
21 = 31000, C_ 15 _ ___STOF PLOTTING __ o o e .
2% = 32.000 C
: ’.) - 3J 000 Ci*attnﬂ*ttiﬁtltt!!i*lt*ttt!twtt*!***tw**t*tkt:*t'ktt**t*ta*tt**nrttl
L,;m‘:’yww—“ - ——— L h e 0 — o ¢ o & ——— o — e e e
T - 74,000 C
L ¥5 = 35.000___1__ CCMMCN/PKS/EEAKS(3,1024,8) e i
SRS 364000 CCMMCN/SPEC/ ISPCFL(7),ISPC
Vli& ~__37.000__ _____ . COMMOMN/SMR/RMS,SU4XT _ e o —_—
iy - 3. 000 "COMMON/LA/FLAGG
LA = 39.000 CUMMCN NEST, NAV,IEST,IHDW,LORD,ALPHA, WGTS(126),N) e L
4. 40.C00 COMMON/SW/ 1Sn(0:15)
41 = 41,000 | CCMMCN/SIGNL/ STG(1024),RSLT(1024),wWOKK(1024), = . _ |
Loan =7 42,000 INFTSF,NPTS,NSTRT,NTOT,NDAT,PSIG,SNRF,SNR,
P4l - 43,000 _ 21SYNDAT, CS[E,GNOIS& FREWQ,SIGMA L
24 - 44,000 CLM ACN/PLS/ XNORM(172),1CT,LOGSCL,FIRPST,1PXFL
49 = __ 45,000 COMMON/LBLS/LABEL(1O,®) _
”%{": 46,000 CLMPLEX SIGC,wWGTS,R(129),SIGUAN(CI024),SAVE(12)
Sy = A47.000_ ___ EGUIVALENCE (F(1),PSLT(1)) _ L L
4 - 48,000 LCCICAL FLIRST,ISW
4. - 494C00 _  EXTEKNAL OVFINIT,OVINIT,OVPROC _ o
g, = " 50,000 1Sh(0)=s TRUE . 3
g 104 _
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- amt v 15 e & s - e QRIMNAL ~PACE: IS “< sem o
OF POOR QUALITY
CS1 = 8514000 __. . 18aQ1)=eFALSFe. _. . .. .. .. L b
52 = 52,000 15w(2)=sFALSE, b
83 - 53,000__ 18w (3) =o' ALSE, e ! |
54 = 54,009 ISA(4)=sFALSE. g
L ¢85 - 58,000 16a(5)=s FALSE o ;
TE6 = 56,000 1Sw(6)=sFALSE,
57 = ___57.000____ ToW(T)=eFALS e, . I . . 1
58 - 5b6000 lﬁh(b)':oFALSFo |
59 = 594000 ___ . _ J5W(9)=.FALSF, _ . . I 1‘
0 - 60eC00 1Sa(10)=.FALSE, 1
£ = £1.000 1¥w(11)=,FALSE, i
g2 = 624000 1¢w(12)=,FALSE, |
Lo t3 = 63.000.. . ITEa(13)=,FALSE, .. e e mne e emme et e
24 =~ 64,000 18a(14)=sFALSE
LS = 695,600 . LEn(15)=sFALSES . _ . e e e v st 5 e w53 ‘
L6 = 664000 C :
&7 - 67.000.C INI1YALIZE PLOTTING PACKAGE) ¢
68 =  6b.000 C f
09 = . 69,000 ... CALL INITT_(S500)._. . — . e |
g° 70 = 70,000 C S ) |
1 71 =___ 714000 C...__ . _...._GET IMPUI PAPAMETERS h _ E
72 = 12,000 C
m 73 = 744000 _CALL _INPUT e - ‘
{74 = 74,000 C :
RRCE- TS o B o e e e 1
o & % 764000 C INLTIALIZE ARRAYS, OPEN FILES, ETC. :
7T e T7a000Co e e e e e e |
de TR =  TEL000 CALL INIT f
7 £0 = 804000 C IF Wt ARE LXAMINING AN OLD SPCHCM GO TO H1STOGRA l
o bl - . Bl.000.C_ _.. .. . e e e e e i e e 1o e e mmane = sie et - o+
EZ = 62000 1F (TSPC.EQel) GO TO 62 i
n3 = B3.C00.C o ... e e J
4 -~  B4.,000 C GU THKOUGH TIFE DIFFEKENT ESTINATORS NEST (NUMEER
9 = 854000 C ESTIMATIONS) TIMES, - &
£6 = Bte000 C q
87 = B7e000__ . . _NDATZ2=NCAT .. ._ _. — R
88 =  Bte 000 NPTSF2=NPTSF 2
_ B9 = B3S.000__ . 1S10=). oo e J
G0 = 90,000 FLAGG=0 &
61 = 91,000 _FIRST=.TRUE, .
92 = 92.000 DO 12y 1DA1=1,L0RD 5 f
.93 = .__93,000 . 12% _SAVECIDAIY=WGTS{IDAL) . | T T
54 = 54,000 iC 10 TRLZ=1S10,NFST .
L 95 = 99,000 _. NSTRT=IKLZ _ . . e e e R
96 =  9¢.000 C ¥
97 = G QQQ__C —
9 =  9E.C00 GLT DATA, AMU STORE IT IN SIG i
- . 99 :-“,994900_p . . R ;
I” 100 = 100,000 C NSLFD=0=--INDICATES THIS 1S F1kST TINME T@ K
* 101 = 101000 C.. e NOT_ A REFRESH. — e ﬁ =
;o 102 = 102,000 C ]
kS %,
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103 - 103,000 IKIN=lkL7_______ORIGINAL PacE 18 e
1 gj 277104, €00 NPTSE=NFTSF2 OF~ POOR QUALITY
lGa_= 105,000 CALL GrTS1G (SIGPwR) ——
06 = 106,000 C
§1=_107.000 C
| ™= 106,000 C PLOT COMPLEX TIAE SERIES
109 = 109,000 C
10" 110,000 DG N1 10AT=1, Z*LPTSFY
It = 111,000 SIGNDAN(ICAI)=STG(IDAY) L
127 =""112.0000 17 CUNTINUE
- 143,099 6 TXN=S5.,
114,600 1+ (iSW(0)) CALL TIFGKF (SIGPWR,TXD)
o A0S C00_C
< 118,000 C KCw LET"S GU THROUGH THE DIFFEKENT EETIMATCRS
Mlo=_117,000_C . _.___ _ .. - e e
1 ST 118, 000 DLTI0 18151, 8
% 119 - 119,000 C | _
T 1207000 ' !
¥ 11~ 121,060 C IF_KIT IST IS NNT SFT, ESTIMATGK IST WAS NOT REGUESTE
'122 S T122.000 ¢C T
1A = 123.000 IF _(JNNT,ISK(IST)) GO TA 20 R
= 124,000 C . L
- 125.000 C PCRFCEM THE ZSTIMATION o
= 126,060 € A
- 127 cco_ _ 0C_TC_(100,200,300,460,500,600,700,€0C) 1ST I
T 126,000 C L
- 124,000 Ct*ttr:txxnit:rt#tattt*ttt'k'ktt‘x*w*r*t****w*tt_—*****it*tl*:1?_:***:: K
STT130,000° € 1
= 131,000 C FAST FOURIER TRANSFORM ;
-~ 132,000 C o
43 = 133,000 _C THE_FFT HAS SPECIAL PARAMETFRS COMNECTED_WITH IT WHIC -
{47 134000 € KLLCwWS IT TO DN AN FFT ON ALL IMNPUT POINTS (NTCT)
135 = 135,000 C EVEN _LIF THE FFT=SIZF (NPTS) FOR_THE CTHER ESTIMATORS.:
136 = 136,000 C RLQUESTED TO BE SMALLER B
i - 137.C00 C p
<13k = 138,000 C ;
79 - 139,000 100 NDAT=64 4
1 = 140.000 NPTSE=NPTSF2 3
;

CALL SETFET

[RERPREIN

o e —— o — e

”_l W= 141,000 _
§ 14z - 142,000 C

1 Ta‘f 143,000 C GFT PCWER, FREQ,AND wIDTH OF SEECTKRUN
* 1A - 144,000 € 3
% 145 = 149,000 ___ CALL_SPKPKR (1ST,IRLZ) L

St e e s

§. % - 140,000 C -
4137 - _147.000.C__ e R S
§7:58 = 148,000 C CHLCK SWITCHES TO SFE IF YOU WANT A SPECTRUM PLOT ¢
C149 = 144,000 C , -
3 jo - 150 . €00 1F (FIRST) CALL PLSPEC (IST) R
b 181 - 151.000_C__ . . . I
7152 = 152,600 C 1
a3 = 1593.000_C___UPDATE. AVEKAGE SPECTRUM I
b4 - 154,000 C b
. =
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| ORIGINAL PAGE IS
155,000 CALL SPCAV ( 1ST,1®LZ) OF POOR QUALITY

150,000
157,000 FLOT IF DeSINED

156,€00

o
=
O

‘ TH(1Sh(Y)) CALL PLSPFC ( 1ST)

160,000
161,000
162,000
1£3,000 CL TC 40 ,

164,000 cntttnn.-u.tnnntct.at.tn-olt'tl.ot.‘.ltt.!ttttitltttt.'ttv FRAR R ARN

_16%5,000_C__

166,000 C

167.009 € MaX1vU¥ ENTRUPY-=bURC ALGCORITHM

16,000 C

164,000 C

170,000 400 CALL CbURG

» 171,000 C -

172,000 C T ThE RLST OF THE BURG CALCULATION CAN EE DONE THz SAME
. 1‘7:.coo .  AS THEZ NTHER MAXIMNUM FNTRCPY BESTIMATCRS
174,000 C
_17%,0090 CO TC 32 .
17C0000 cntnntnotnn-l!tttnntlnltn-nnnt-nnttnnit.tnlln.nntﬁllllllltt'll!ttt‘

17¢4C00

175 cno

140.C00

141,000

192,020

AR 3, 000

134,000

155,000

1%¢.,009
_1R74000

15E,C00
- _17%.000 ¢ _  _ . __.
150,009 CALL CL:V
191,000
192,000
193,000
194,000
- _15%,000_ G0 10 30
1%¢,C00
197.000
166.,C00
166,C90

200,000
401,000
<02.000
W-JUJ!COO

204,000
‘2350C00

200,000

ELD FFT=<INFUT

"tf‘“%-o;—;~§;nun
l:
om
<«
ﬂfiﬂ annn

' l '.. ll .o 2 9 l‘l l'l L ) l'

— . — C— o — e — . — o -

o

H W

PV Ty —

PUDOUN = C OV PHEWN O T ACUVBWRN= O w - 9€C

o

MAXINMUNM cNTR P YeeYULE /wALKER ALCCRITHM

GET CORKELATINN COFFFICIENTS FIFST
e (SICRE IN RSLTDY S . g

00 CALL CCOkR _

TR —

|

’

e s St et Bt s Bs B a bt Bt Bt b Bl b N 0
t i

CTHEN PROCESS THOSE COSFFICIFNTS

w;ntﬁruocﬁk)ncﬁrunr:

[N

[
-

i g

" ptaduty ™

THE FEST OF THr YULF/WALKFP CALCULATICN CAN BF DONE
__ SAME AS THE OTHER “AX. ENTKCFY ESTIMAICHKS

3N .

s NaoNe!

lll'!l.-I.III'.‘!Il.!.I...i.l."!‘.‘!.l!QII“.Illﬁlﬂl..l..'l..l.

T O

MAXTIVUM FNTRUPY-=ADAFTIVE FILTER ALGCRITHWM

L BV o g

) CALL CALPF

Lo Ko

SAVE THt PKEDICTED OUTPUT IN “XCU1°

ﬁfﬁfif)b(ﬂr)ﬁ¢7f3ﬁ|

o5&

!
b |
i
]
¥
|
!
I
;
f
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ORIGINAL PAGE IS.

“OF POOR QUALITY
. ;407,000 C C FKU¥ HEKE ON, “TIS THF SAME FCK ALL MAX, ENTROPY
j 20,000 C ESTIMATOKS
i 205,000 C o L pe R e o S bt L
: 410,000 30 CCNTINUE
Ilvl_o_CO_f‘_AC_____“______ ) CE ]
212000 CALL WM:MEFT
Z13.C00C o S B ) _ 2
| 214,000 C JOIN THE REST OF THE ESTIMATORS FCR PEAK=-PICKING,
21,000 C CPLOTTINGL,ETC. o S
216.0'0 C
417.C00 cr T0 &0 _ ) & i
.lt.CUU L"-"-‘i'-’it'-‘---’-'----'n"-"’-‘.'-m_"’i’i—-n’i'n'n"ooi'-'-'n'i’n‘fn'n'.'ninln't'tntnt’n'to'nn'tnnnntntntt
¢1%.000 C - ) e _ o
‘.(.('.'0 C
«¢cleCOOC S B . B
2.24C20 C ADAYTIVE FILTER-=wEIGETS
2.2e000 C e B
4,000 C
<5000 c ¥ ALPF HAS lLQLADY BEEN CALLED, THEKE®S NO NEED TO DO _
47€4000 C TIT AGAIN.e.
! ‘17 000 C o o S o o
1 22R.C00 500  IF(ISa(4)) CC TO 510
1‘9._Cu0_ _“._Q;LL CAL!"' L R . e
[7.0.C00) C
d231,C00) C - ~ SAVE THE PREDICTED OUTFUT IN “XCUT*® B
2.000 C
"<33.C00 C_____ - ) o ) R - -
| 234,000 C U0 FUUKIER ANALYSIS ON WEIGHTS
T23¢.000C . o
L 23€¢,000 DC ©10 ITCAA=1,LOFRD
: 237,000 510 ~ STGCIDAR)Y=WGTS(IDAR) B
23%,000 NDAT=LOKD
23<.,000 NETSF=MNETS i ) - i S _
th(.OOO DC 511 ICA= LORD’I 4*NPTSF
‘ ."’-1..03')__’51-1 SIG(IDA)=0, R _ e o o
+4.,4000 CALL SETHFT
TTe47.000  FLAC=1e e e o
L J44,.000 CO TC %0
3 ;fc:.coo c-nn-tnan'nnntnttnanntt-ttnln'nt-annnntttnnﬂnttOll"!lttitl!!!'!ltlltlt
: 741(0000 ¢
' ; .‘1'7 , 000_C _ e - =
Tar,000 C ADAPTIVE FILTER==PREDICIED
st ¥ P oo ¢ S - ) - -
é?'—t. 020 C 1F ALFF KAS ALKEADY BEEN CALLED, THERE S NO NEED TO DC
st1.C09C IT ACAINGe e o ) X i
t".(IUO C
1' 202 cn) __O__Q“, _‘_______r\ DAT= r\.r"‘.‘r‘?‘ o T N _ . _ !
:.»4.000 PF1SF=AFTS §
¢=%s.C00 CALL ClLPF ) o - o B ko |
{5e 6000 LF n(ll)) GOTO 800
!4“7 ¢lo Cc L _ - _ |
(54000 C DO FCURTLR ANALYSIS ON FREDICTEL CUTPUTS

the 42
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' J

« 070
‘ 00
«*"1,000
2(2.000

o
1
2

000

R - - ORIGINAL PAGE 1S
620 CALL SETFET OF POOR QUALITY

- et a5

C

C..‘l'.‘.lIl!'..'lII.'l'!'I..'.'.."'l..lll..‘...l....'ll..'...!'..'....

1’-0000
1"5;000
’ 2j*.000

4754000
F 2,000
IJ'JOQO

- -— o —

C

C "G:T THE FIKST 3
TR
50

C

MOMENTS OF SPECIRUM , AND STOKE THEW

———— ————————————— — —

CALL SEKPKR (1ST,1RLZ)

;.000
*1, ¢Co

= 2eC00
e 00N
K600

'l'u\.truo

"780000

;E’.CUQ,

1,000
271,000
: -'* «Cul
e aleCLO
£ 4.CCD

S0 -

‘ EQOUO

/ "‘0000

?7:0\3.

¢‘3o000
<91.CU0
<T¢e000

285,000 C

94,000
‘fﬁ.(OO
13‘50000

E 291,000

22000
0.000
;9).000
312,000

483,000

224,000

fR. 000

213.000

-~
«
-

“51e.c00 C

C

c . _ _ CHLCK SWITCHES TO Ste_IF_YOU WAMNT A PLOT OF THE

C SPLCThUM
C

IF (FIRST) CALL PLSPZC T(15T)
IF(rLAG.EQe1)CALL PLSPEC(IST)

14000 GC TC 20

_.700

FLAG=0C.

40 CCNTINUE
c e ——
c ntS1Cke SIGNAL
c

0C 41 Iull=
ElC(lhll)=
CONTINUE

LC 139

WGTS(ILAL

,Z*NFTSF2
JCDANCIDIT) .

3

4 i
l"l 1,Lu7D
SAVECIDAL)

135

c.l.!i.‘.llll.i.'l..'...'."..l"QIQ'II".'!‘I.ll'...ﬁ'...'.....l.‘..l'.

o
C

ROUTIMNES FOK COMPLEX COVARIANCE

C
__LOFDYL=]
CALL CCOKR

“CALL COMPLeX COVARIANCE ESTIMATOR

CALL CCOV (1ST,1KRL2)

T PLOT FOW,FREG,AND VAR HERE
15 (Tea(1)) OUTEUT 18P, 1CT,* CC7 KSLT(1),kSLT(2),KSLT(3)
__6C 10 20

_— - M

)
JO' 0 O c.."..ll"'.'ll'lﬂ‘....lIlIll.lli.ﬂl‘.It.“"!.l!l.lll'll...'."'..‘l.' L{
. - . - H

ifE.000 C

3[9.0u0 o

RUUTINE FOR MULTI-LAG COMPLEX CCVARIANCE

410,000 C

|




... ORICINAL PACFE IS
OF POOR QUALITY
11.000 C .  _CALCULATE COMPLFX COVARIANCE FCk LOKD LAGS . SRR
311,000 C
lu_._OOO_ __69_9___ __vkngzhl)li'l I ——
314,000 CALL CCUFKK
311 .000_ C .
11 .€00 C GeNLRATE SYMMETRIC COVAKIANCE FCT
172.000 ¢ B e e
317,000 LCFDP=zLURD*1
14000 DC 0% I=1,LCRUP SR
320,000 sxcu)-n(n o
13274000 B80S CONTINVE
$12 .00D N1 = LONLeQ .
$s25.000 N2 = NPTS = LCRD - B
324,000 DC 210 1=n1,MN2
152 4000 10 S1G(1)=CHPLX(0.0,0,0) o
220,000 DC w20 1=1,LURD 3 ]
3274000 JehlTSe1=1
37 4000 S1G(J)=CNNJIC(R(T*1)) o
47 4000 820 CLMTUNUF_ o R
220,000 C UL FFT ON COVAKIANCE FUMNCTI
j23.000 € 0 -
3;.000 NUAT=%F1C
_‘_3: « 000 NP1SF=NPTS .
B2 3" 000 CALL ST1FPrT
} o (0D ___GC TC 50 _ i B -
‘ ~3c.ooo c
$ 337,000 C - _=%0-CF=LOOP 20 .
£34 ,000 C
545,000 40 CONTIMUE 2
.340 Coo Llll.ll..Ilill-ll..liQtitll."l.ll'llititil."...l.‘.".!..‘ll!.'!l.....
OOJQ c.t..lt_:_.t-til!ttt—t.l—l_ﬂ._t:-:tlt-.wl-ﬂlﬂIl—.-._!_ll_.:‘.l_t_l“.!.‘_.-'—‘:"._l-t_‘t.t.l!!ll:.:.'.’_-
' 34,.000 C
343,000 C S o - ]
$ 347,000 C eND=CF=LOOP 10
;J e 030 C -
34t,C09 ISal)=.FALSE,
347,000 F1IWST=.FALSE, - - o
:::L.ooo 10 CUNTINUE
249,000 60  CALL KELL . I Ty p— — -
250.,€00 C
3§r.coo C H1STCGRAM PLOTTING SEQUENCE
35,000 C
£353,000_C 1-¥FAU IN RAW DATA (DSKRL) :
1,000 C 2=DC STATISTICS ON THEM (STATS"
340,000 C_  3=GET HISTUGRAM FKCM THFM _ (FHWIST) = i B
356,000 C 4-PLCT JATA AND HISTOGRAM  (HPLOT)
£ 54,000 C
Sl 00<
$ 355,000 C CHzCK_WHICH VARIABLE TO DO HISTCCKAMS OVEK il
«000 C
afkl 4,000 € CALL MDCCPY__ -
344000 CALL BELL

|

110




B _3%3000 _ ___  INRUT DANMNY . . NAL PAGE-IB- - == ==se
_4.%,000 _ _ CALL HOME b L
366,000 CALL ANMUDE

Y I3 SRR

i
i
g

—§°72€00_______QUTPUT °PQ FISTCORAMS FQF:®

gwe.ooo CUTPUT 0=-STCP*
466,000 _ OUTPUT “=1=rESTAKT® S RN
70,000 CUTFUT “ 1=FCwtk"®
Ivl.con QUTPUT * 2=-FREQUENCY”
12,000 CUTFUT * 3=mIlTH®
373,000 INPUT IHIST o B T -
| 14.C00 Sa(L)=4TFUE,
115,000 CALL ckASE ) )
37¢.CN0 IF(1h1STeFL.0)CUTN Y997
177,000 TE ((IH1STebGo0)eANDo(ISFCoEQel)) GO T0 62
| 76.C00 IF (1K1ST.G1.4) GO TN ©2
! 379,000 1IF_(1h15T,L1.0) GO TO Tl o
"10,000 C
1,000 ¢ CYCLEf THEOUGH ALL HISTCCRAMS o
3824000 C
TSR3 .00 _ LC 70 IST=),8&6 _ A S
114,000 C
_desacco ¢ I, T
37,070 C IF at DIUN®T USZ THIS ESTIMATION
157,¢20 C_ GOING TO DO A HISTOGKAw ON IT, -
1164050 C
3964C00  _ JF(eMNOTo(ISK(IST))) GQ TO 70 _ . e ~
. 10,000 C
$ _1°1,000_€C 1-READ _IN DATA I —
392,000 C
3""3.000 __ CALL DSKwrD_ (1ST,IHIST) T — _——
1 14.C00 C
395,000 ¢ . 3=GET HISTNGRAM FRC» THEM
196,000 C
.%"’4.000-(' (ANCTE: _THE FFT MAY HAVE A DIFFERENT NUMEER i
39¢, 000 C OF FOINTS TO DO A HISTOGRAM OVER)
i‘!‘r. c00.C___ e e T e e e ~
i0,C00 NEINS=APTS
14000 _ _IF (1STefwel) NBINS=NPTSF _ .
402,020 IF(IHIST.NEL2) NKEINS=100
_1":_..0.33_ CALL EWIST (HMAX, NBINS,IHIST) =, e nii
14,000 C
405,000 C__ ~ 4=DC STATISTICS ON THEM )
“0¢ ,CNO C
i 74000 CALL STATS ( XMEZN,STDEV,NRINS) .
UreCCO C
4064000 C_______4-PLOT_DATA HISTUGFAN o s e
3 00000 C
;1,000 re 76 I=1,N281 " L s
412,000 SIGCLY=CYPLX(w0OKK(1),0.0)
"3.C00 175 CUNTINUE o
4,000 C

111
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15.000 CELL HPLOT (HMAX,XMEAN,STU_V,NEINS, THIST,1ST)
iafv.000 €
437,000 70
' 41& non
» v.OOO 9999
4.0.000
421,000 C
4°2.000 C
4.3,000 C
4.4,000 C
¢.C00_cC
iﬁ ooo C
©1.C0N
426,000 C
419.C00 C
0,000 C-tlntllitll.llllll‘tltll.l!t!i!l..ltln!tllltllil.lll!l!llllt‘llt'!il..l
_£31,000 C
(.CCO C
3,000 C
4’4 000 C
« 000 _C
‘It coo c:n-'tn--n-n---nnnn-tn-nnt.t-tn--nnnnlnntn-tnnti!ttﬁttttti'lt!ttlttiltt!
431,000 C
4 C.C 3
7.003
450,000
£41,000
¢} ¢.000
k3,000
464,000
414,000
446.CC0
417,000

fIr.OOO

CONTINUE
GG 1C 62
STOP
END

~TORIGINAL PACE IS
OF_PQOR_QUALITY

SUIKJUTINE INPUT

TROUTINE TO TNEOUT FROM KEYBNARD EVERYTHING 1T
CDCESN’T KNOW

CLwVON/SPEC/ISPCFL(T), ISHC

CC“”[% h:sr,’AV,!FST’!h\D‘,LOFD,ALPHA,hC?S(12&)’N0

CLV“CN /Sw/ 1Sw(0:195)

CLM“CN/SIGNLY SIG(1024),RSLT(1024),hUFK(lC?4),D
INFTSF, ANPTS,ANSTRT, NTOT,NDAT,PSIC,ShRE,SNE,

21 5YNLAT, cs:c CNCISE, FREQ,SIGMA

CLvrth/PLS/ XNUﬂM(IO),lCT LUbSCL ilFST,lPXPL LNA#E(4),LPL

COMMON/LBLS/LABEL(20,8)

CCvPLEX SIG,WCTS

LCGICAL FIKST,ISW

DIVEANSTUN “1FlLt(4),lH£AD(?56),IUT(3),11P(3)

DATA ((LAREL(T1,0),1=1,10),0= 1,8)/ FAST®,* FOU’,"RIER®,
1° TRA,"NSFC*, kM *,4%°
17VAXTT, MU 1,'=\TR ,'uvv-
12*°
_1°MmAXIC,

1° ALG?,

5,000
420,000
451,000
4 2. C00
K
454,000

*ZBUR®, "G AL*, “GORI*,"THN *,

S *,*ENIR®,
‘ORI1*,"HM °,
.”UM L

*UPY=*, “=YUL’,°E/wA’,"LKER®,

.
:
: 1

ﬁ:t.COO

4

T

:+ 0,000

« 000

57,000
000
$.C00

‘510600

[

24000

£-4,000 C

z
4
1

f

|

“«000 C
t. 000

13,000 €

T CaLL

1°MAXT ",
* ALC'
1°ADAPT,
1 RDAF”

1°~7ULT?,
FGQUIVALE
IEST=0

———

-
‘RTHV,

‘TIVE”®

;'rlvt',
1°Crve’,

‘LEX
“1=-LA",

Lt NCE (lH‘AU(l)LuU“K(l))

CGeT SOME

A% ODE

.EﬁTRtl.URX-.I

.-‘DL.I

‘PTIV®,

* FILY,

* FIL?®,

£oCOVRY,

*TEk="*
*ThR="
'RlAN'

‘G Co° ,’PPLF’

,-aﬁx'
“-PKE”,
‘CE

x co*y

*GHTS
‘DICT”®,
QQ
‘VAKI®,

E=F1°%,"°

Ed 4.

'EU

ey

“LTER", _

'ANCE’,3"

TINFORMATION ON THE INPUT DATA

.
’

“/




ORIGINAL PAGE IS

|

‘4 in’PUUH‘QUAan
467,000 _  1spc=0 - i w e i gl e e Sl ]
1 k. 000 C
¥,000 C  NbBRP=NARKOW BAND KAYLEICH PRUCESS B o
470,000 € DC Wi WANT SINUSUIDAL UR NBRP OUTPUT OF SYNTHETIC
"1, 000 C
2,000 20 CUTPUT “SINLECIDAL(L) OR NEKP(Z) SYNTHLTIC DATA;®
473,000 INPUT 1SYNDAT - PNy
"4,000 OUTFPUT 15YNCAT
A - o - |
16,000 C GIVE THEM A CHUICE OF ESTIMATCKS
677,079 C WX
a[ﬁ.ooo 40 CALL »OVAHS (C,t50)
C&9%,C00 QUTFLT *THE FCLLOWING FSTIVATORS ARE AVRAILAELE SINGLY CF°
450,000 CUTPUT *SIMULTANVEQUSLY.®
‘12000 __OUTKLT “)INPUT A ) IF YOU aANT THE INDICATED ESTIVAIOR,_ O 1F NOT® _
,24000 QUTPUT ° °
453,00 DC 100 I=1,¢ S
44,000  wRITH(10,1€C0) (LABEL(J,1),J=1,10)
S, 000 1000, FCEMAT(=0A4) I
47¢,C00 100 CULNTIMNUE
_&rl.C00 C I S
E!e.coa C “)W KEPKINT NAME OF ESTIMATOR AND ACCEPT A 1 OR 0 AFTEK
429,000 C __l‘[ R ——
.C00 C
1,600 DC 200 1=1,¢ .
442,000 WhITE (10,1€20) (LABEL(J,1),J=1,10)
463,000 1020 FCRMAT (40084,2). o I
Jw.ooo 199 INPUT 181
W9s022__ QUIPUT ° _° R TP
43€.000 IF (15T «EQe 1) ISw(l) = .TRUE,.
47,000 200 CCONTINUL P —— S , )
ks 000 C
49%9.0020.C__ . _ EST & == AURPTIVE (FOQUFIER TEANSFORM) PREDICTED
10,000 C IF ESTIMATUR 6 WAS SPECIFIED, WE NEED TO KMNCw HCW
LS 1.€00 C VANY CUTPUT DATA PQINIS wE WANT 1IC N
5h2.000 C Cr.1 FKRUM THE ADAPTIVE FILTEK
P3,000 C e o
; oo IF (JNNTLISK(6)) GO TO 300
CS0%.000 . QUIFUT DO YCU wWANT TO ENTER MULTI-LAG FECM ALPF1-YES,0-NOD°
t.000 INFUT MDAN
{27;000 JF _(“DANSEGQ, l)lﬁdiﬂ)-:lpuui o
b 0UO CUTPUT “*NUMODER OF ALPF PREDICTION SAMPLES TO USE*
€0%,000  _ __ _ INPUT NDAT s -
0,000 OUTFUT NUAT
€1.000C o . ) o N
512,000 C IF MAX ENTRUPY ESTIMATOKS WERE SPECIFIED, WE ASK FOK
3,000 € THElk OFUER.,, ” e
€ 4,000 C f
18,000 300 _CUTPUT ok
€1t 000 LCkDz=] _
‘},7-000 JE CoNITo(TEW(2)e0RGISW(3))) GO TO 310 o ‘
%1t 000 UUTKFUT “Urobk UF MAXIMUM £NTKROPY ESTIMAICKS® :

113 )




— — "TORIGINAL PAG
OF PO AGE IS

16,000 _INPUT LUKD s Sl - S
30 000 QUTPUT LOKD

1,00 GO _Tn 320 o - )
72,000 C

3,000_C IF MAX FNTROLY NUT SPECIFIED, KLT RDAPTIVE 1S, THEN

«4.000 C WE ASK FUR THelw OKDER (IT*S THE SAME THIMNG)
525,000 C e S o ]

7,000 QUTPUT “ORDEF_OF ADAPTIVE FILTEN® L T
528,000 1LPUT LNKD

9,0C0 CUTPUT LukD

0.00) GO 10 330
$91.000 C e e e ! LR i e
2.C00 C UF RTAFTIVE i3 SP‘CIF]ET, , WE MEED SCMF OTHER NEAT
is_,ooo_c__  PAKAMFTEKS - - S
4,000 C
36,000 320 TF(oATT4 (1Sh(4)aNRLISK(5)0Ra 1SW(€))) GC 10 340

;I&"fdo;r"'_'—'
17000

30

“NORVALIZ2ED ADAPTIVE CCNSTANT (ALPKA) °
INPUT ALFHA

OLTKUT

T 538,000 UUTPUT ALPHA
5,000 C . R e
0,000 C IF MAX ENTROPY NR ADAFTIVF ESTIMATCKS NOT
541,000 C SPeCIFIED AND. IF MULTI=LAGC COMPLEX CAVARIANCE
‘Tz . 000 C IS SFECIFIED, THEN GET NUMHER OF LAGS (CRUER)
3,600 C
44,000 340  1F (LLND oEGe =1 oANDs 134(E)) GO TO 341
€45,000 GO TC 342 - 4
;[t CUO 341  CUTFUT “OWDER OF MULTI=LAG COMPLEX COVAFIANCE ESTIMATCR®
989,000 1APUT LUKD _
s4t €00 OLTPUT LOKD
9,000 C .
0,000 C "IF SYNTHETIC DATA, WE NEED T0O KMCh WHAT FREGUENCY,ETC
1 :&x,c;o_c ________ S N ]
2,000 342 1F (1SYNDAT.EG,0) GO TO 350
3,000 OUTFUT “FRKLCUENCY OF SYNTHETIC DATA® -
£54,000 IAPUT FIEQ
4,000 CUTPUT FrEUW - SO —
< .¢-000 C
5574000 C_ __ AND I1F 1T°S NURP DATA, WE NFED A BIDTHyey IR
€k, 000 C
44,000 IF (1SYNDAT oFW, 2) GO TN 2323
20,000 343 OQUTFUT “SNKk CF SYNTHETIC DATA (LB)’
©61,000  __ INPUT SN® S - - |
i 24000 CUTPUT SNK
2.4,000_ GO TO 305 I N -
£14,000 2323 CUTHUT “STANDARD DEVIATION OF SIGNAL®
_qut.C00 18001 S1GMA e
1 ¢.000 GUTFUT S1G“A
57,000 _ GO T _343 S - = e folel
ke 000 C
1\9 ceo. ¢ _RUT_1F ACTUAL DATA, WF MNEFD SCME CTHEP PAFAMETERSeee |
n.nan (‘ \
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£71,000
14,000
3 3,000
/14,000

150000 360 NITHT=)

.g o+
= '1'000._

t.000

$7¢. 000
¥.000
10,000

nﬁijzﬁbo_____

3‘20000
1 3.00)
$F4,000
$9&,C00
T¢.300
$%7,€01_

T AR, 000
€ 16,000

510.000

91,020

€ 20000

_ 52,000

£G4,000
} 1%, CCH
4¢600)
97,000
7te 000

_ﬂ‘&LLOO

¢00.,000
6014009
#2000

_fu3,000

*04,C00

5. 000

J‘D.OOO
¢t07,C00_
freCCO
415,000
OlOoCOO

ﬁ 20000
£13,000
€£14,C00
q 5,000
¢it,00)
€17.0°

"1b.cLJ

h 6,000
20,000
1002
’2.C00

I

|

gso
c _ GFT INFORMATION ARNUT FFT PROCESSING
c

~_ DUTPUT “ESTIMATED WIDE=BAND Shik OF CATA (LB)°,SNR

IF (AST-T LLTe 1) GO TO 300

OUTHPUT “TOTAL NUMECZK OF INPUT DATA POINTS®
INFUT NTOT

CUTPUT NTOT

1SPCPLT=0

Jol

¢ CR.I1Sn(d)) ISPCPLT=]
It (lS’CVLT QEU' 1) GO TO 3617
CC TC sov
CUTHUT “LTNCTE COF TRANSFORV FChk SPECTRUM (POWER QOF 2)°
INPUT WPTS
OUTHUT hPTS
c
C , B CHECK IF IT°S APVRCPRIRTE TC ASK AECUT wINDUWING
C (I¥ 1T IS, DO 1IT)
c
309

3e7

IF(ISa(1)e0heISK(5)s0RsISK(E)) GO TO 391
60 TC 3v2 o o
CUTFUT °wINUCWING FOR FOURIER TRANSFCRMS (170)°
INPUT TahDh
CUTPUT JalNDn

3yl

c . A
C AND,
r

392

LAST BUT NOT LEASTess

TIF (1Ss(1)) GC TO
GO TO 344 R
CUTPUT °FF1 AVERAGING TIME CONTSTANT®
INPFUT NAV
CUTPUT NAV
IF (NAV.LC,C) NAV=1 B
UUTFUT °NUMEER OF ESTIMATES
__INPUT NFST
QUTPUT heST
I (NESTLGTL1000)
1F (ISFCPLT +EQe
. CC TC_39e _
395 UUTPUT “SPLCTKUM PLOTS:
_ INPUT LOGSCL
UUTPUT LNGSCL
39c“__lr(.NuT.lSu(c)) NUAT=64 .
C OLTPUT INPUT WGTS(1)°
C ‘ 1nPuT bbTa(LL______
C NDUTPUT*INPUT wGTS(2)°
¢ INPUT WCTS(2) o
C UUTPUT*INFUT uGTS(3)’
c S 1nPUT uc14(3) S
c OUTPUT*INPUT WGTS(4)°

393

iyl

394

NEST=1000 ———
1) GO TU 39S

LENFAR (0) OK

OR LCG(1)*
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B

_[.___w_.__--_"--.

I

£23.000

——— — -

— i — . —— - — —

24.000
'25.,000

27. 000
6,000
C?S. 000

130,000

31.C00
612,000
+313.000

’14.000

t3¢,C00

XTI AT

“7.C09

L3k . 000

F35.,C00

+41.C00
t64.C20
| 43€00
44,000
c4‘.C00

ﬂ(.(-)\}

37.C00
t4t,000
t46,000
506000
"‘100(‘0
C“;.OLU

| €3.000

14,000

25%,009

| €.000

40,000

C

620,000 o

INFUT wCTS(A4)

TOUTPUT DO YCU WwANT HDCOPY 1=YES,0=ND°*

INFUT MDANS i
IF (HEANS.EC.1)CALL HDCOPY
CALL SwASF
RETURN
END

- ——

_ ORIGINAL PAGE 15
OF POOR QUAUTY

SUEAOUTING TNIT

Cl'l.l.llll!'|.-....ll‘.-l..'il!l!‘."...'...l....'.ll.'..'....l."l......

C
C
c

¢

e ——— - -_

THE GRANL INITIALIZING KOUTINE

- ——— — | ———— —— o - — - -

L...'ll......'lllll..‘.l...ll"...l'l.l......ll.l.......I......"'......

.

| 57.c€00 100
L8000

(59,000
"1 404000

+E1.C00

I

$4000
'30_000
. +4,C00

*¢+C00
7000
ti=o COO
‘*.CL‘O

t71.000

T 17..C00

674,C0)

70,000

C
C

c

C
C

grr——

C
C
C
C

c

£ —
trieCUO 500

_COwvEN/SPECY 1SPCFL(T),1S8PC

COMMUN/INITIALYZ IRP,IFP,MTFUP
COMWMON NLST,MAV,IFST, Iwbw,LOKD, ALPHA, wCTS(128),N0
CCvMrh/SIGNL/ =1'(xo"s),&<L1(xoz4),50"(1024):
INFTSE,NPTS,NSTHT,NTUT, NJAT,PSIG, SNRF SNk,

215YNL nr,usxc GNUISFE,FREQ, SICMA

TS YIIR Y, ruH-n(xo),xcr LOCSCL,FIKST,1FXFL,LNAVE(4),LFL
T CCM¥ON/LHLS/LAREL(20,0)

_LCGICAL FIRST,LPL

“CUMFLEX S1G,wC18

_DIMENSTON DA1U“‘(2048)”..

UIMENSION IDAT(1024)
FQUIVALENCE (DATUMS(1),S1G(1))
DL 100 1=1,€00

WOEK(I)=0.

SYNTHETIC OATA (NBRF) DOES*NT NEED ANYTHING DOMNE

FOR IT

NORMALIZE MULTIPLICATIGN FACTCOKS FOR SNR
TOTAL INPUT POWER (VARIANCE) 1S UNITY

CSNFF=104"%(SNR/104)

PNOISE=1./(1s¢SNKF)
FS1C=1.=-PNDILSE )
CAOISHF=SQRT(PNOISE/2,.)
CS1G=SURT(PSIG)

. —————— ———— " ———— . — e ————— —

CGET AUMKER OF TKAINING FOINTS (MC) FOR ALPF

NC=NTUOT=-NDAT




n _ SRR e
|

ORIGINAL PAGE I8
X oy “OFPOOR QUALITY — ~——— T

*

‘i
L ¢r%,000 C GET PAFAVMETERS FOR INPUT=FFY m——— e el
17( 00 C
';_ 17,600 NETSF=NITS R T T LSRR o U
' 7,000 € IF(NPTS,GE.NICT) GO TO 600
i ..! 15€00_ C___ w=tLCG(FLUAT(MTOT)=1,)/ALNC(2:)¢0, —
' 10,000 C NETSF=y""M 1
_€8],C00 C B S T R
114.000 c SET PARAMETENRS FUR PLSPFRC
e ol 43.000_C, — : = e e e L
94,070 000 P1rST=oTHUE .
i 14%,C00 1PXFL=0 =
AteCul C
3 27,039 XMIrW())=zPSIG*NTOT_ ¢ PNOISE I S
! ke Cud C
I"&.CCO- L. _KNDRV(g)=(SARF LORD ¢ 1,) ** 2 I . A b
‘ 90.C00 C
§ _$91,C00  XNURV(T)=zANCRP(2) L
1140000 C
$ 093,000 . XNOREM(4)=XNCRM(2). B o o

b1 94,000 C
B39, 000 Y1 /LOKD e ), /SNRF

490000 € MAGL U ALPF WEIGHT VECTOW
697,000 EXzXK*XK B
Tt . (00 XN URM (2 )P LCFD
{s9.c00 € _ o )
1004 CCO FY=(XK*LURL)*®Z * PSIG
901,600 € ELPF GAIN**Z » PSIC i -
132,600 XAOKM(L)ZPX*NDAT
-50};909“£_____m_*_.. . S
7044000 XNOFM(T)=1,
105,000 XNOKW( )=XNCRM(Y) o
10¢6000 XthP(9)=l.
N 707.(\30_ o _"‘O’\”(’O):). N - — - S o o
1964000 C
-1054@39 FETURN e ——
7100 000 END
_f™.c000C R %
12,000 C
L 713,000 € . - . I T o
14,000 SURKOUTINE CETS1GC (SIGPAR)
I 2000 C S - = _ B
16,000 C SUBKCUTINE 1C GET THE APPRKOPRIATE STGNAL TO BF PROCESSED
7::.823 é."."...".l....‘....'...l.‘.".“‘l‘.'.‘l...“.........'......I.".‘..
d16,¢00 C | =l NV A
720,000 C
1?1,cap_c o CTHERF_AKE THPES UIFFERENT OUTPUTS OF SIGHNALS: o Neias
2Z.CL‘O C g
1250000 C L . 3 g
244029 C SYNTFETIC/SINUSITIJAL=-=wlTH FANDCM NOISE |
[2',c30 c o  (15YNDAT=1) S \
76,000 C |

[ ; B S . NPRE————
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47274000

2 CUO
125,000

‘Hao.ooo
431,000

I32. €00
733,000
124,000
13%,000
736,C00
137,000

e, 000

159000

740.CC0
17141,000

1424000
743.,C€00

c
C
c
c
C NSEEL=0 => GENERATE NEW DATA

C
gotoo..-o-o--o-.onouo-..o.no.--o-..nno.o-..oao.n.eon.t.n..tno.n.otcn..tn
c
c
c
C
c

CSYNTHETIC/NBRP==NAKRCW=EAND KANLCKF FKOCESS
“wITE RANDOM NOISE
(ISYNDAT=2)

- —— ——— - — -

— e ——— e et — | O—— . — — 1

COMMCY BLOCK WiTh SICNAL PARAFM:=TERS

“Cruvﬁhjkpi7;5§7§6ux]
COMMOL/PLS/ZINORM(10),1CT,LOGSCL, IPXFL,LNAME (&), LPL
COMMLN NEST, NAV,ILST, TWADw,OPD,ALFHA,RCTIS(2126),N0

COMMEN ISlell ' S1G(1024),FSLT(1024),wCHK(10c4),

144,000

4

74¢,000

1147, COO

iae. 00

74°.C30

275C. 000

62,000
S163,000 C

1757.000

’51.',"_'1

754,000
#7155, 000

€, 000

INFTSF , NPTS,NSTRT, NTOT,NJAT,PSIC,SNPF 75NF,
2]SVLJAT,CSlC,GN'lS[‘fP‘Qislckl
CCvpLEX SIC,wGTS,CSCAL

INTRECH R KBYTE

CIMENSTIUN DA1UvS(2048);IDAT(1024),~AN(1)
FLUITVALENCE (DATUMS(1),S1G(1))
LOGICAL FIRST

DATA “St=[y0/ o
TF(NSEEDebGe C)CALL | RhuU(PAN NSEED)

C GO 1C APPKOFRIATE ROUTINE
C

T7€€, 000

75€,C00
759.C00

1S=1SYN AT+1
6L TC (2000,4000,3000) IS
c
K !

7760 Cuo c.tlt!.‘nl.!!llll..I!tl!;;m:'tltii.l!il.Qlttil...""."..'."l‘...‘.‘"

L781.000 C

=162

762.C00
« 000

1764 000

_16% 4000_
16€,000
767000
M6k, 000
7664000

T770.000

[

47714000
"172.C00
773,009

774, CO0

~17%,000
1177¢.€00
1774 000
7764 C00

. SYNTH:TIC CATA
(S (SINUSOIDAL)
c

€ ___GET SINE WAVE FROv DISK

c "(INIT HAS PLACED COSINE IN FEAL PART, SINE IN

C IMAGINARY PAKT)

C

C
CSYNTHETIC DATA (SINUSOIDAL) NEEDS A SINE _WAVE 1IN
(REML=COSINE, IMAGINAKRY=SINE)

TSINET

C
C
200C

TTruteutr ot
o IF (Fv*u)401,402,402
401  FREG=FRLWel.
402 Web, 4H31650E"FREQ

LN 410 1=1,NETSF
THETE=w"FLOAT(1-1)

“‘sxc<1)£cvpL)(Cn5(7H5f1i}srn(TnnI())'
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y

cﬁ

1%.€00 C

7
7 0.C00 410
7

TF(SIO(T)«ECa0,0)NUTPUT T,THETA

- —— - ——

ORICINAL PAGE Ig

] CONTINUE OF
 7h1.€00 THizes0 B POOR QuALITY
7 2,000 FIST=.TrRUE .
.._000 S!C’.F__"’ i it el
4.000 ChE=],
77000 _ _1ET=) e . N o o
7"(0000 ¥=1
757000 C o _
79’.000 c ADD KWANDOM NOISE TC EACH PART
«000_C L L o B - e
3IC.C00 NTOT2=NHTSE S
41002 DC 2300 1=1,0M1012,2
2000 CATLVS(I)=LATUVMS(I)*CSINelFAN(LUM)*CAOICE
-.“ Y Z23C0  LATUVL(le1l)=LATUMS(I*1)*GEICeLFAN(DUNM)*CNDISE
‘OOOJ S1CFwk=1,
184,000 __CC_1r 4000 R o o
CQO(JO C
7 COD CO...‘..I.l.l..il..‘l.'l.."ll'll'.....".I.'..."l....i.......ll..l..'.
79’.000 C
s MS,C00 C o o R L
td0.000 C SYNTHETIC DATA
601,000 C e ANARRCWA=pAND KANOOv PKROCESS) L
e CJ0 C
Jo.CCO C
kUé6eCUN C GENFRATE SIGNAL SPECTPUM AND SICNAL POWER
kNt ,007 C USING FREJULNCY AT MIDPOINT (o5)
tjc.ooo c
i M 7,000_300C __P)=3.141592€53%9 I e i S - e B O
i bOreCCO Cz1e/(SICMA*SLKT(2."P1)
' 199000 S102=24"SICPA*SICMA . R o -
(e C0OO FE1G=0,.
k11,00 L 3210 1=1,NPTEF B B B o
Z2¢00) LFRFG=rLOAT(]~- l)/FLOlT(VPTSF)-
M 3000 _ _FSLT(1)=0 I —— -
r14,C00 1¥ (AP%(D#FEL) LT.(S.'N!C“A)) R (I) ‘EXP( (DFREC*"DFREL)/SIGZ)
V¢ o000 3210 PEIGC=PSICeRSLT(I) B - o -
; 'Ic.ooo C
F t17.000.C_ CALCULATEL NOISE POWER o S
: #.C00 C
§ _ 1] 9,000 PrnOlISE=PSIG/SNKF s
§’ 0,000 C
: £t71.000 C _ NORMALTIZE TO UNIT TOTAL POWEP B
f & 2.C00 C
: e 3,000 PEUMzpS] ePANCISE _ _
; r'4 oo FSIG=FKSIG/PEUN
f‘ £eCOO0 _ FNOISEZUNUISE/PSUM - I
'.COO Sl1Gknk = 14C
; _‘a/7 00 C o _ S , S o N
! Je.CON C RANLCMIZE TO EXPUNTNTIAL DISTHRIEUTION i
' ?'S.COO C ) ]
Bs0sCOC SCA=)14/FLCAT(NPTSK) i

PSS —— e = |

i — |




~—ORIGINALPRIE IS

314000 b0 3220 I=1,NPTSF 'OF POOR QUALITY

#32.,000 T ONSERL=)

13,000 CALL FNDUCKRAN,NSETED)

34,000 3220 RSLT(1)==ALCG(AAN(L1))*SCA*(FSIG*RSLI(1)+FLOISE)
H3%,000 C

TN 000 C TGENFRATE COMPLE SPECTRUM FUK INPUT TO INVERSE FFT

3000 C ~ SHIPTING SPFCTUY OVEx SO THAT CEMTER FREQUENCY 1S
e3b. 000 C OVeh SPECIFIED FREGUENCY (FKEC) 4AD °“TAILS® OF

_ (39.000 c , THE SPECTRPUM ARE CYCLIC

40.000 C
~Fa1.000 3271 CORTINUE
;4}.C00 PhEWizFhey
43,000  IF (FRre LT,04) FREG2=FRECD, _
44,000 WL=1FIX(PRZG2*NPTSF)=NPTSF/2¢NPTSF®2
M4t 4000 ANC=C,
I:c.coo LC 3230 1=1,NPTSF
47,000 1L= P(;((|0hL),kPTSF)o
TTEARLCOC T TINDXY=Z"ID
49 000 INDXR=INOX]L=] -
£0.000 Xh=SGhT(NSLI(I))".)
: _8“!.000 S NSERIDE) o
_._Itz.coo CALL PHRUU(KAN,NSFED)

530000 ARGUWE/otPIRRAN(D) o
54,000 DATUMS (INDXR)=XN"CUSCARCU)
REE 000 3230 DATUVMS(INUXT)Y=XAN*SIN(ARGUY)
“¢oCUO AVC=AVG,) MFTSF
57.000 C _ UUTPUT AVG
5,000 C
_.I"“!“" C . G:NEFATE CUMPLEX TIMe SEKIES FKC¥ INVERSE FFT
tC.C000 C
8614000 F=ALCG(FLOAT(NPTSF))/ALOG(24)%45
h<e 009 OMel==1,
_Ic3.0uo B CALL FFT (M,CN-1)
be4.,000 SCAL=FLOAT(NPTSF)
4650000 CSCAL=CMPLA(SCAL,0.)
Ib{.OOU SUmMxl=C.
574000 DN 3233 NDAN=1,2°KPTSF
66,C00 3233 SUMALI=CAES(SIG(NDAN))**2+SUMXI
70000 KRVEsSURT(SUMXI/Z(NPTLF*2))
k71,000 m___“_ﬁ_SC&L=)/RV§_*___“_«E___
7000 CSCAL=CMPLX(SCAL,0,.)
473,000 SUMN)=0. o
6744000 LO 3234 NDAN=1,2*NPTSF
*7%,000 ~ SIG(NDAN)=CSCAL®SIN(ADAN)
176,000 3234 SUMX=3UMXT®CABS(STS(NDAN))®*2
t?774000 FVSSCRT(SUMKI/Z(NPTSF*2))
el €0y C TTUNR1SF=€64 o
764000 40C0 krTUKN
dt0.000 END
td].C(‘O C
HeolOu C

‘inr.cou STG(NDAN)=CSCAL*SIG(NDAN)

s b dn S T I W
i




ORIGINAL PAGE 15
OF POOR. QUALITY _ _

MR3,000 C ) o -

(44,000 CUSRCUTINE 11MGKF (SIGPAK,SCL)

“¥55,000 C

EPE. 000 COMMUN/PLS/XNCRM(20),1CT,LOGSCL,FIRST, 1EXFL

uﬁl;QOQ_______S(E“CAJSIFNL1512119.114?51TLlQéSLl!QEL(L°44)z

okk. 000 INPRTSF ,NPTS,ASTKRT,NTOT,NDAT,PSIG, SNKF,SAR,

KH9.,000  21SYNDAT,CSIC,GNOISE,FREW, SIGHA

1990 « 000 CCvMPN /Sw/ 1Sa(0:15)

493,000  COMMUN/SMR/RMS L SUMX)
£92,00) TDIMENSTUN ILT(3),1TM(3)

Ti935 000 CUMFLEX _SIC,WGTS
1994,000 LCCICAL FIPET, 1SW

8956000 3 XxvIN = 0,

296 ,C3) XMEX = FLUAT(NFTS)
18974600 yvin==SCL
t9t, 000 YMe)=5CL

699,000 C IF_ (oM To15w(0)) RETURN
500,000 CALL thASE
301,00  DC 200 1C=da4d
907,000 C

Te9a3.000C IF 1C =1 PLOT KEAL DATA. IF IC = 2 PLOT COMPLEX DATA
4/04, 000 C

_S808,C00__ __ _CHLL TawINDN(50,9€0,410,7¢0) —
]’0' QO(‘O lf (ICO Mo‘,) LALL Y'l\UJ(‘Olg‘n 0,4!0)

107.000 _ CRLL DalNDU (AMINSXMAXL,YMIN,YVAX) )
YyO0resClU C

_IGOP.CLO C DRAW AX1S AND TIC MAKRES

—————— C——— . - - —

110,000 €
911000 CALL MUVEA (IMIN,YNIN)
$12.C00 CtLL UFAmA (XWMIN,YMAX)
713,000 _CALL MOVEA (Ces04) on = e
314,000 CALL DFANA (DMAX,0.)
S1%.000 € I —— R
"416,000 CALL MLVEA (XMIh,YMIN)
172,000 CALL SEMLOC €)Y, XYY o ——————————
Y1te 000 CALL DrwABS (IXe30,1Y)
_rI1%.C00 C_ o
13204000 C DRAW TICS
_$21.000C
49224000 AY = 10
_?323.OQO.N..__._Y\.._01_--
"y24,000 NP1 = NY ¢ 1
629,000 _ YINC = (YMAX = D,)/NY
?a?c.ooo DC 20 J=1,NYF1
"/7 C 0 NS C‘LL_ VF'V&,'A (COIYY) o
926 000 CELL SE=LOC (1X,1Y)
-iVZSJquf--_ﬁ_I‘LL.P*JAESM(lirlill!l
1430.000 20 YY = YY ¢ YINC
_ 932,000 YY = 0, .
19324000 YING = (04 = YMIN)/MNY
1533,000 _ L 30 K=1,NYPL
$34.000 CALL MUVEA (Ce, YY)
-I.

!




§1¢,000

o CALL_SerLOC (IXe1Y) 5 _____OF POOR QUALITY

1t. 000 CALL LhwABS (1X*15,1Y)
117.000_30____3v_;_1v - YINC B B s~
Jk.000 C |
16,000 Y = RUAL(SIC(1)) ]
10,000 I (1Catuald) ¥ = AIMAG(SIC(1)) ‘
1«00 X = 0, T N T UL B ==t L e el
41,000  CALL mOVEA (X,Y) ‘
bs 000 DL A0 V=2, NEYS
4,000 X & FLDAT (1=1) ,
94t,000 Y = «rAL(SIC(L))

16,000 It {1Ce%wed) Y=AIMAG(SIS(I))
37,000 40  CALL Lwtad (¥,V)
G4k C00 100  COATINUE

- — - e — - - - — e e ——

: o0 C o , S S . L ST
I:O.CDO C LAbkL CEAPH
¥651.000 C e o et e
*¢eC00 CaLL VRVARS (100,750)
-_IHJ,COO ~ CRLL AN2)pe e N S S o)
54020 OQUTHUT °kiAlL"’
_SfE, €00 CRLL Wi COWR_ R - ST B
iwt.CJO CALL ~MLVABS (100,400)
__'_37_._(”.0_____QILL \\“)L;’.__ . |
Yee 000 QuTprPul 'l'&(lh&kY’
“*6,C(0 _ CRLL ~-Ny@ i .
["(’.0\-0 CALL ~(LVAFS (100160)
SKh1,000 CALL ANVUDE - _ -
<000 SICKM3=SURT(SIGPWR)
rf‘}_-.fi'o . DUTPLT °“R¥S SIGNAL LEVHL = “,KkvS,° N0, EQINTS = " NPTS
04,000 lhbT-.TF‘U}o
N bS_.CO’\ N ) lr.(O) OF_‘LSF' .
In(.Ouo " CUTKFUT “HARL COPY 1=YES,0-ND;°
- Ser.c00 C INPUT HDAN - _ -
tteCOV lF(MA'-.ruol)CALL HDCuPY
t 9,000 CALL tkastk —— ) - PP e
70,000 RETURN
971.C0C0 END - o . B - -
744000 C
73,000 C__ - I - _
674,000 C
74,000 SUMRCUTINE SETFFT _
76,000 C
9‘7’ CQO CI'!...I...'!ti..l!.‘.!t....-.'.!I..l.!‘.‘..!l.‘..!!i'..‘l‘.l..I'.‘..l..
T¢,000 C
C?s.(oo c A CKOUTINE TO SET UP FOR FFT, WINDCW INPUT ARKAY, AND STOKE
r0.C00 C RESULT IN RSLT
‘!?‘lo(“/o_(‘__'___'_____ e —— o 7 U .| Py S—— e o LA 1}
T-iocvo ¢ 516 INPUT STGNAL
Las,000 C B NPTE  NUMBER Or POINTS IN TRANSFORV o ,
YARq,.CN0 C NUAY NUMHER OF NON=ZEKO DATA POINTS
1144000 C_ - ITwblh  wlNDOalNG FLAG (1F = 1= ThEN WINDOW)
{*t.(uu C ¥SLT  AKFAY TO HOLD KESULT

P i —— ik N

!
‘ 122




.

L

RN e

10714000
101,000
10364000
- 1017.C00
. 10.-:,000

¥47.000 C

99
y
9
9
994,000

9¢ ,C00

99,000

$97,000_
99,000
96 «COO0
000,000
00;.000
0C .000
0 J_._QOO

0Ccp.C00
05(.000
00L.C00
007,C00
00§ .00

000 C

aon

00 ,000_ 1091 __

010,CCO

01y +C00 C
oﬂ.cna C

013,000 C _

O}000 C
0]} .000_C
01t.000 C

017,000
.00 C
»9C00 C

0
0

020,000 C
0,000 C

¥1,000
:r.coo
5000

(o] aon

e e e

. Ir(ISw(n)) CCTO 1091

1052

. WFAC=(2e%3,14153465309)/rLOAT(NDAT])

- ORICINAL- FACE-1S
OF POOR QUALITY

COMYEN/STGNL/STIG(1024),RSLT(1024),wCRK(1024),

R L R
93L.COO C

lkaSf,hPTS’ lSTKT’NT\JT' NDAT,PS‘G’SNRFI SN"‘ B
21SYNUAT,GSIC,CNUISE ,FREQ,STCMA

CCMMCN NEST,NAV,IEST, IWNUN,LORD,ALPHA, WCTS(126),N0
COVMUN/SW/1Sn(0215)

e — — i

—— ———

CLVMPLEX SIG,wCTS
FIGUKE UUT 2**M=APTS

M=ALCC(FLUAT(NPTSF))/ALOGC(24) 40

TU0 WE WANT WINDOWING  ((IWNDa=1, YES)

CIwWDCEIwNLW

GOTC 19292
_ IwcGC=o _
IF (IwDDNF,1) GO TO 100

Ye$
FIGULFE QUT INCREVEAT FQKk THETA EETWEEN EACH
ELEMENT IN ARRAY

PROCESS ENTIRE AKRAY THROUGH HANNTNG WINDCW
(INCREMENTING ARGUMENT TO CCOSINF (THETA) BY
wFAC EACH TIME)

04,000 C
0244000
07,020
04 +C00.
026,000

‘Q3QLCQQ_Q

. 000
1029,000
1030.,000
103..000
1032.000
1033,000

10

— TF(SIC(I)sFLs0.,0)UUTPUT SIG(I),THETA, wFAC

T ONDAT1=NDAT*)

TheTA=0. .
CC 10 I=1,NCRT
THETA=THcTA+WFAC = L
SIGCLI)=S1G(1)"e5*(1=COS(THETA))

CONTINUE

" FILL CUT WITH ZEKOUES [F NDATCAPTS

DC 110 T=NUATI,NPTSF

SIC(I)=(0e,Cs)

DO FFT UN SIGNAL

|




s St —— = ~ JDRMAL-ngg—B o e e
039,000 CCALL FFT (M,CONE) OF POOR QUALITY

040,000 C
Lv4|:ooo (. PLACE POWFR SPFCTRUM INTO RESULT

1042,000 C

044,000 DC 200 1=1,NPT4F

(44,000 KSLY(1)=CABS(SIG(IY)Y*"*2/r LCAT(NDAT)

104%,000 C IP(RSLT(L1)4EC.040) _OUTPUT I,SIC(I),hDAT,hSLT(l)

“7046,000 200  CONTINVE
047,000 _ _ KWETUKN

T 104k, 000 END
ra?.ooo c
_1102,000 C._
104,000 C
ilﬂf.coo __SULUKOUYTINE CALFF

106,000 C ALPF (ADAPTIVE LINEAK PnRtDICTION FILTEK)
M07.00n0 C ARPAY X 1S_UTED TN UPDATE CNFFFICIENT VECTCh G ACCCRDING TN THE
1100000 C LrS (NLISY CHALUTENT) AUAPTIVE ALGUKITHM .
_IXOS.OOO_C__<N_f)LT}k IS FILLED BFFOKE AUAPTIUN BEGINS
110,000 C
1111.000 . COuMON/LA/FLACG .
1eeLCO C(““thSlelelf(IOIQ):NSLT(lO?!),hCnl(lO24),
132000 AMNETSE NPTE NSTRT, NTOT,NDAT, PSIC, SNRF SN,
1114,000 ZISVNPAT,Ubl(,C\UlSF,FPLJ,SICPA
st.ooo L CLMMUN NEST,NAV, 15 ST, Lwiba, LOND, ALPHA, wCTS(14b), MO
1

16,000 CLvPPLEX SIG ,.'JTS ,XUUTT,‘.H,ENOR
i117.000 . XwU=2LPHA/FLOAT(LCRL)
16,C00 DC 1 1-1,LUkD
"T 16,009 1 WCTS(1)=0.
120,000 LCkDP=LURD ]
HICOOC_..-_.. .
24000 C DY) TKAINING
423,000 ¢ S
1124.000 LC 100 K=LOKLF, 448
254000 XCUTT=(0,,0,)
26,000 C
127,000 €. FILTEKR Tu CET KTH OUTKFUT
#2r. 000 C
£290C00 _ . __DC 210 L=1,LCMD _
1130000 KKz=K=L
W3ile €00 XIUTT=XOUTTewCTS(L)*SIC(KK)
Y 324000 10 CUNT1NUE
FIJ coo € o o
u34.(.00 c ALUAPT wh16H1S
395,000 € . S
1%:36,000 Eh=516(K)=-XCUTT
1137,000 bRz p®XMU
y‘r « 009 LU 20 L=1,LCKD
32000 ___ _ KA=K=| R
)HC cCo0 8CTS(L)= an‘(L)oLk‘H\‘CMJt(01(;(”))
M41,000 20 _  CONTINUM
1 44.000 100 CONT 1N U

-—

|




e habe o Lo o

B ORIGINAL pagg 4
) Ity

_7143,000 101 NOP=hOe)
[144.000 c
_114%,000 C TRAINING OVFk, SAVE OUTFUT e
“1146,000 C
147,000 LC 200 N=445,512
- 148,000 XCUTT=(04,0.)
!~ 1149.000 C B S o
150 €00 € FILTEK TO GE1 KTH OQUTPUT
.151.000 C S S
T1152.000 CC 210 L=1,L0kKD
153,000 FrzK-L
| 7] 154.200 YLUTT=2OUTTenCTS(L)*SIC(KK)
| 11554000 210 _ CONTIMUE _ - -
'15¢,C00 C
1 157.000 C ALAPT wf1GHIS B
115€.C00 C
11564000 FE=SIC(K)=XCUTT
160,000 ErUFzhb"XMU
$1161.€00 [ 220 L=1,LChkD
1162.000 Kb =K =l
1 163,000 8 CTS(L)=wGTS(L) e kOR*CONJC(SIG(KK))
164,000 C NUTFUT L,wGCTS(L)
_1165,C00 240 CONTIAUE
106¢,000 C LvSzhMEeCANE(ER)
11167.009 _ f15(X=443)=20UTT N - B
11666000 260  CUNTINUE
+116%.€00 C xr (NTOToNTWNG) EVS=EMS/(NTOT=NC) B
3:170 000 S TURN

“1171. 000 un_

[y

[




305,000 C

310,000 C
311,000 C _
312,000
(’13-000 C

TEUSKUUTINE CCORK

315,000 _C
—i3|c.coo c

J1e,000 C

.4 319,000 C__ ___
%320,000 C
_1321,000_C

1,000 C . - S ——
. S1G  __SICNAL
LuxC . UKDEK

{ r:22.000 C
~5.324,000 C

. 2333,000
1334,009

#33¢. 000 C
)J3IQOUO_C-_--
39,000 C

1340,000 C
341,000 C
242000 CC

1343,C00 CC__

rM.OOO CcC

Jic. 0vY
..1347.C00.,1096

34r.000

1350000

7 1352,000 100
T453.€00
354,000

__i}lt.ooo_c,___ o R B B o
IF SI1C AKKAY IS COMMING FKNM iLPF USE THE FIKST NDAT PTS OF THE AF

414000 __1053 NIz )

946,000 _ _ __

~ 49310000 CCOMKLEX SIG,K(129),C5UM,GTS _
1}32.000 EQUIVALENCE (K(1),RSLT(1))

LOGICAL 1Sk

e —— —— —— — — - -

Jx‘.coo c..l.l.........."..l...'l.l'l!l..l‘....l...'...I"'.'.""‘.‘...‘ll...

© CUMFLEX CUKKELATIUN KOUTINE

A“__-_“_*_.___4.——JnuauuuL’*QEls

R QUTIHUT_COSFFICIENTS

- = - - . . -—

TN NUMBEK OF TOTAL DATA POINTS IN SIC

l,?‘.ooo CI.!.‘.I...!l.....;:.:‘i;}ltiiﬁtiﬂl...............'.I..l.....l...!...l!

95,000 .C

3204000 COveLN/Sa/l5a(0215)
370,000 CLVVEN NeSToNAVLLEST, TaNDA,LORD,ALRPHA, WCTO(126D,NQ
3.me 000 CLM*CA/LIGLNLY SIG(1024),45LT(1024),w0RK(1024),
.Iﬁ?s.ovoﬂ_____xNPTSF,nrts,ISIFT.NTOT.~UAT,P$16,SNRF,SNk,...- S——
330,009 215YNUAT,GSIC,CNOISE, bRE 4, STGMA

ILUKD=L KD

IF (JNUT.(1Sm(12))) GOTD 1094
_M29e €00 _C _ NCD=)

NUUENDAT
CuTn 1d%e .

IF SIC AKkKAY J5 NOT CCMMING FRC™ ALPF USE THE LAST NDAT PTS

NUC="UAT
L0 100 L=0,1L0FD _____ .
CsumMz=CrILAR(0e,04)
NvLENUN=], o
DC 200 K=nNUL,NML

‘_TJHI.COO_ZOOW__CSU“=C£UM0CCNJG(Q[g(}))'JlC(K0L)

k(L*1)=CSUM/NTOT
KPTUKN
END




_<

403,000

A%.,000 C

1 _ _SUPNUUTINE ShEPKP (IST,J)
1/04,000 C
1

ORIGINAL PAGE I3
* 'OF POOR QUALITY -

1406,000 c.ooono:-o-oo--n-cio-ii€fionb-d0.o-intof?o..nctionnnnonoiot.n.ooa.o.nntn‘

107,000 €
1,0t 000 C
9

1495,€00 €

1

l[lOoCOO C
1

1¢4CC0 C

1413,000 C__
1T14.c00 ¢

14C00 C
141¢,C50 C
17.C20 C
118,000 C
141,000 C

2164000 C

‘I c 0.’) c........'-....-.0100..'...'..l..l'. .Oﬂ;

1422.C00 C

A
14¢,C00
11’7.(”0
1M2¢,00) C
1426,C00_C
30,000 C
1431,070.
1432,CC00
1433,000
1154.C00
3¢, C00

143¢.C00 o
14374€00 |

Jt. 02D

1439,C00 _
1.40.C00
1741,C00 _ SUME=SUMS*SI"SIN(W).

1442, 000
1543, 000
1,44, 000

144,000 300

t. 009
.-"70 Cud
144k, (00 C

50,000 C

53,000 __

1

i

1

l‘_"'lc oou C
1

1296, 00V

11,00 C

1 ?3.000-<_ o C‘““u"/P!'S/PFAKS('.h10(4,8)
1924.,€09
24,000

ﬁd&.CO?m R

91000 C__ («*PI)""2 = 39,4784

—— - ——

KUUTINF TN CALCULATE FIRST CIKCULAR MUMENT (MEAN
FroQUENCY) AND HALF POwik WIDTH CVER ENTIKE SPECTRUWM
AND THEN RECALCULATE POWER CVEP CANLY SPECTRUM
BANCWIDTH ABOUT MEAN FKEGQ.

- ———

KSL1 ANRAY WITH SPECTRUM

IST NUMBLS UF ESTIVATONK

J NUMEER OF FSTIMATION
MPTE NUMBER OF POINTS IN RSL1

'...‘l‘l.ﬁ.l"l..l..."l.....

Cf"”“\/<IBVL/5]G(l024)pHSLT(lO(‘),dO?K(1044),

CANETER TS, METR T NTOT, WORT, PSTIC,SANRF,SNh

C(“”’h/VLS/lN[F“(IO) 1CT,LuCSCL, FIRST,IPXFL
CuveltX S1C

FIND FIFST CIRCULAR MOMINT AND WIDTH

DfLw=t, 03LS/FLOATANPTSY)
SUMC=0.0
SumsS=(,0
FIWFR = 0.0
FEGAV1=0,0
WID1KH = 0,0
DC_100 1=1,MPTSF
SI1=kSLT(1)
W=DELn*FLOAT(I=1)
SUMC=SUMCeS]I*COS(NW)

FCWER = POWER ¢ S1

Frevl = Frybl ¢ SI*W
RIDTH = WIDTIH ¢ SI*wW*W

CONTINUFE
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