
7 Af.376 CALSPAN ADVANCED TECHNOLOGY CENTER BUFFALO NY FI6 17/9
DERIVATION OF NARROWBAND FREQUENCY-AGILE RADAR SIGNATURES FROM -ETC(U)
NOV 79 B H NOHLKE R A PADGU6 C M SZCZESNY F

3
3615-78-C-1617

JNCLASSIFIED CALSPAN-638-S-2 AFAL-TR-79-1187 NL

.....llllflflfll-EllEEEEEEEllE
mIIIuIIIIIuuuin IIImII 8

o,,



ATM*W 2~~

OWAL4W7NNW M", 142"~ "

2)1OVEMMZ 1919

"MM WLRT AFALT-74oil
tW R~ort for pedod I Septembs~ 910-1* isw 11

A~pmv w *h &Uf

r- 2RVU

For,4fr ulcf~S~4utbin ~btd

'4 " "



- -x- - -,

~ '-A

4 41 4 3e.

jpth~r-th*a In QUM060$06n i t a dafini tely reati GovernOWwt p-OCO v
ed ~i. State Govrnmeft ther~eby incur% o pnsbL. nw*lv 1 er In th ja~ -we resheib g1t vaj westn ObvM .f~va4 tthe~ Od ,~ e h cddavns pcfctos o t~ t ~£p

Vwdby IM0p1ication qV otherwise a".In an mAnner.liceftsl.g h holder~
oterpeson -or a~pZtiQjin o, co yng any rightorpr**~no waf
usor &ell any patented invention that may in. any way be re~taietaece

Ibis report has'.been reviewed by the Office of Public Affairs (fMD/PA) an Is
releasable to the National -Technical Information service (NTIS). At6 NIS, -it willl'
be available to the general pqblIc, Including foreign nations.

This technical report has been reviewed and Is approved for publication.,

KENE E.KISSELL, Sr Scientist
Reconnaissance and Weapon -

Delivery Division
Avionics Laboratory

FOR Till COMMANDER

R. E. DEAL, Acting1iMbf
Reconnaissance and Weapon

Delivery Division
Avionics Laboratory

*V..

4.4

.-

'.T.,



1%y9W-r-OCUENTAION AGEREAD INSTRUCTIONSCUMENATIONPAGEBEFORE COKIPLFTIN(G FORM
2F GOVT ACL.SSION NO. 3. R IENT'S CATALOG NUMMJER

D erivation of Narrowband Frequency-Agile Radarf Final ipdt
Signatures from Wideband Data 11 Sep78 - 7 Mar~79

6n PERTOWING ONG. EVra "

Bm CONTRACT OR GRANT NUMBER(s)

BH. Mohike R. A. Padgug C. M Szczesny F3
P.M. McMahon C 36578C11V

9. PRORMINGO'RGANIZATION NAME AND ADDRESS 10m PROGRAM EjePT ROJECT. TASK
Caispan Corporation AR/

Advanced Technology Center'
P. 0. Box 400 :16
Bufalo COTOLNw or NAM4AD2DD5 S

Bufalo Ne Yok 1225Novemead79

Wright-Patterson Air Force Base, Ohio 45433 43
14 MONITORING AGENCY NAME 6ADDES 1 1o -hi Offi.) I5. SECURITYV CLASS. (.1 1?-, iepo,t)

6~'JLI~iUNCLASSIFIED
SCHEDULE

16. DISTRIBUTION STATEMENT (.1l ihi, RCeiii')

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of ihe iiIarc entred in flsk 20. if different fromn Re~port)

16 SUPPLEMENTARY NOTES

19. KEY WORDS (Cont~inue on reverse' side if neceSanuud idenIfilv b5% block numbr(

Radar Signature Filtering
Wideband Data Satellite
Derived Narrowband Data X-Band
Frequency Agile

20. ABSTRACT (Continlue on - . tiii s de It nocex-y~ tnd id-rdhif b lock ruiimle,)

*This investigation demonstrated theoretically and experimentally that
frequency-agile narrowband radar signatures can be derived from wideband
data. The experimental work used X-Band satellite data from Lincoln
Laboratory's Long Range Imaging Radar (Haystack). The computer programs
required for deriving narrowband signatures from two dimensional radar
images were delivered to AFAL with this report.~

FORM________________

DD I JAN3 1473 IEDITION OF I -- VS IS OBSOLETE

SECURITY CLASSIFICATION OF TNIj,.PAGE jiWCinjt us t. -. 1

,iiIi



TABLE OF CONTENTS

SECTION PAGE

1. INTRODUCTION .. .. .........................

II. MATHEMATICAL JUSTIFICATION OF APPROACH. .. ............ 2

2.1 General Approach .. .. ................... 2

2.2 Special Considerations for Haystack Radar .. ........ 5

III. DESCRIPTION OF METHOD. .. .................... 9

IV. RESULTS AND CONCLUSIONS .. ............. ...... 11

APPENDIX A DERIVATION OF NARROWBAND SIGNALS FROM WIDEBAND SIGNALS 22

APPENDIX B SOFTWARE DESCRIPTION AND USERS' GUIDE 27



ILLUSTRATIONS

FIGURE NO. PAGE

1 COMPARISON OF WIDEBAND AND NARROWBAND RADAR SYSTEMS 3

2 COMPONENTS AND COMPOSITE OF CHIRPED RETURN

FROM 3-SCATTERER TARGET 8

3 REVIEW OF IMAGING PROCESS 10

4 DATA REDUCTION SOFTWARE FUNCTIONAL DIAGRAM 12

5 PORTION OF NARROWBAND SIGNATURE
OF OBJECT 10352 AT 10.0 GHz 15

6 PORTION OF DERIVED NARROWBAND SIGNATURE
OF OBJECT 10352 AT 10.0 GHz 16

7 RCS DISTRIBUTION 18

8 CUMULATIVE RCS DISTRIBUTION 19

9 PORTION OF DERIVED NARROWBAND SIGNATURE
OF OBJECT 10352 AT 10.032 GHz 21

A.1 PREFILTER SIGNAL SPECTRUM AND NOISE POWER SPECTRAL DENSITY 24

A.2 POSTFILTER SIGNAL SPECTRUM AND NOISE POWER SPECTRUM 25

iv



TABLES

NO. PAGE

1 DATA RECEIVED FROM LINCOLN LABORATORY 13

2 COMPARISON OF ACTUAL AND DERIVED RCS SIGNATURES 17

Bi PROLOGUES TO ROUTINES ON FILE 1 31-36

B2 PROLOGUES TO ROUTINES ON FILE 2 37-38

B3 PROLOGUES TO ROUTINES ON FILE 3 39-43

Will--



SECTION I

INTRODUCTION

A study recently carried out by Calspan evaluated the characteristics

of a number of radar systems with the possibility that such a system might be

used to observe satellites. Two important characteristics of the candidate

systems studied for this application were that they were narrowband and frequency-

agile. However, no data were available on satellites that could be used in simu-

lations of these systems. Calspan proposed that the required narrowband data

could be obtained by filtering wideband data collected by the Long Range Imaging

Radar (LRIR) (also known as the Haystack radar) operated by Lincoln Laboratory.

In this report, narrowband means bandwidth such that individual scatterers on

the satellite cannot be resolved.

It was determined that the work that needed to be done could be sep-

arated into two parts: Phase 1 would be the development of processing software

and a proof of the concept using the single frequency data available for com-

parison, and Phase II would be a rather detailed analysis of frequency agile

signatures corresponding to specific candidate radar systems. This report covers

the Phase I work only, and due to a change in requirements for this data, Phase II

will probably not be performed. Section 2 of this report is a mathematical justi-

fication of the method, with some details given in Appendix A. Section 3 briefly

describes the method used to derive the required signatures from the data avail-

able and discusses the computer software, with details supplied in Appendix B.

Finally, the results and conclusions are given in Section 4, and may be summarized:

the method is sound, both in theory and practice.



Wq

SECTION II

MATHEMATICAL JUSTIFICATION OF APPROACH

In the frequency domain a wideband radar pulse may be thought of as

several adjacent narrowband pulses. Thus it is quite reasonable to expect that
individual narrowband pulses could be obtained from wideband pulses by some

form of data processing. The purpose of this section is to show how this can

be done and to define the restrictions and limitations of the process, both in

general and for the specific case of the LRIR.

2.1 I eneral Approach

Narrowband radar returns can be derived from wideband returns by a

simple filtering operation. This can be shown quite easily by investigation

of the received signal frequency spectrum. This analysis is carried out in

detail in Appendix A and is summarized here.

Consider a transmitted waveform with transmitted energy ET and

spectrum-V ETS 0 (f) reflected from a point target as in Figure 2.1.a. The

received signal has a spectrum Br-E S 0 (f) where B is an attenuation factor.

(For simplicity, Doppler shift has been omitted from this discussion although it

could be included with no loss of generality.) This signal together with additive

white Gaussian noise with power spectral density N0 is mixed down to the

radar's intermediate frequency and input to a filter matched to the Doppler

shifted signal. The filter signal output spectrum is V 8 ET ISO (f) 2 with an

additive noise component hav:'ng power spectrum No IS0(f)t
2 . Note that here

the signal (which is deterministic) is represented by its spectrum while the

noise (which is a stochastic process) is represented by its power spectrum.

The output signal-to-noise ratio (SNR) is given by:

(Peak Signal) 2  22E T
Noise Variance N0

Now a second filter H(f) is placed after the matched filter. The output from

the second filter has a signal component spectrum 8 "E T 1S0(f)12 H(f) and
noise power spectrum 'I No 1S0(f)[

2 IH(f)1 2 . The output signal components for

2
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this system (Figure 1-a) are B'ETSO where

S0 (f) : S0 (f) for If-f 01 < B/2

and If+f 0 1 < B/2

0 otherwise

Next, consider the system shown in Figure 1-b. The wideband signal

with spectrum S0 (f) is first passed through the filter H(f) and the narrowband

signal fETH(f)S0 (f) is transmitted. The received signal is V_ ETH(f)S0 (f)

which is input to a filter matched to the transmitted signal. The output has

a signal component with a spectrum ETIH(f)12 IS0(f)1
2 and a noise component

with power spectrum ! No jH(f)1 2 IS0(f)1 2.

The noise power spectra for the two systems shown in Figure 1 are

identical, but their signal component spectra are slightly different. The

signal components will only agree if H(f) = IH(f)1 2 for all f. Hence if H(f)

is defined as:

H(f) = 1 for If-fol < B/2

and If+foI < B/2

= 0 otherwise

Then the output of the wideband system with filtering after receiving is

identical to the output of the system in which a narrowband signal was trans-

mitted and received.

Notice that the output signal-to-noise ratio for either system is

given by:

2 ET fIS 0(f)12df
SNR - NO [I-N0 Iso(f)12 df

where the term in brackets is the ratio of the narrowband transmitted energy to

the wideband transmitted energy.

4



The conclusions are that:

1. Simulated narrowband data can be extracted from wideband field

data by a filtering operation.

2. A narrowband transmitted waveform can be simulated whose

frequency components within the simulated bandwidth are

identical to those of the wideband signal within the same

frequency limits and zero outside these limits.

3. There is a loss of signal-to-noise ratio in filtering wideband

data to obtain narrowband data because the equivalent transmitted

energy is less than the actual wideband transmitted energy.

2.2 Special Considerations for Haystack Radar

In the general discussion given above it is assumed that the wideband

radar return passes through a filter exactly matched to a wideband pulse. The

Haystack radar transmits a chirped pulse and mixes the received pulse with a

replica of the transmitted pulse delayed in time to correspond to a return from

a reference range and offset in frequency by the intermediate frequency. A

return from the reference range will then give a signal at the center of the

radar's intermediate frequency band. Returns from slightly different ranges

will result in constant frequency signals with frequency proportional to range.

However, these signals are also slightly displaced in time from the reference

signal. The receiver filter is perfectly matched to the return from a scatterer

at the reference range at a particular time, but at that time it is not perfectly

matched to returns from scatterers at slightly different ranges. The purpose of

this section is to demonstrate that this problem is negligibly small for satel-

lites with dimensions of interest in this study.

5



Consider the way in which the chirp pulses are collapsed by Haystack.

Body Center at RangeR0

Scatterer i at range R.i is stationary and has RCS a.i

Center Frequency = f0

Swept Bandwidth = B

Pulse Duration = T

We use complex representation to simplify equations. The transmitted

signal is represented as:

j2[ft + BL t2]
s(t) = e for -T/2 < t < T12(1

The return from the it scatterer is:

+B

j.t 27 IJ e 0 ' (tTi (2)- tTl

for T. T/2 < t < T. + T/2

where T. 2112R./c.

This signal is beat against a replica of s(t) delayed by T 0 =2R 0/c

and centered at a lower frequency (f 0 - fI)

Yi~t r i(t) -j2 7r[(fo-f 10(t -TO) + {fTt-T 0 ) (3

--j 27Tf T0  j2Tr[f (T 0 -T 1 ) + B ( 2_ B ) j2rff D(-aIF 027T (z - 0
2

) 
2 'IF - r -(- 0 )t

- ~a e e e

for -T/2 + T i< t < T/2 + T .

6



Hence a scatterer at range i yields a CW pulse centered at T. at frequency

f - -B - t0). Note that the duration of the chirp affects only the limits
IF T i - 0

of the return; the phase and frequency of the return are fully determined by the

chirp rate (B).

The return from several scatterers comprising a realistic target can

be found by summing the yi(t) for each of the scatterers.

Figure 2 depicts the individual components, yi(t), (and their sum-

mation, y(t)) of the return from a scatterer located at T0, the reference range,

one located slightly closer to the radar at T and one located slightly farther

from the radar at T . The figure shows clearly the effect of the slight dis-

placement of the individual scatterers from each other. Let us define a segment

of y(t) centered at t0 with duration 5:

T T
y'(t) = y(t) for - t T < < to < o + -T

0 0~~ 0-a 2 ~ 0 0+~t (4)

= 0 otherwise

th
The contribution of the i scatterer (i=+, 0, or -) in this signal is:

-j 2
7fF o j2Tu[f 0 ( 0 -_-ri) + B (-i2_T02)] jT2[flF- (i- 0 )] t

Y!(t) = i Tfai e e e (5)
11

where t0 + T- -< t < t0 + T0 +

-~ -j2TIf To j2 L~O(-O--iJ + 2T (- _1 ~ j 2 1 [If B (~-1 ) [T t
y'(t+t0) =V0 e IF e + 2 0 e2 IF- T i-O)]t+to] (6)

B B]B

-j 2 nflF(-to) j2Tr[(fo+! t 0 ) (0-Ti) + B (Ti 2 -T0 2 )] j27[fl y(i-o)]t=\Fie e e

(7)

where T0 -2 < t < 0 + f

7
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Equation 7 has the same form as the completely general Equation 3.

This shows that except for fringe or end effects, the signal from a multiple

scatterer target is in all other respects completely general. Therefore, when

the chirped radar pulse is very long in comparison to the range extent of the

target (A-r<<), as it is for the LRIR looking at satellites of reasonable size,

the filtering used with wideband radar returns is negligibly different from a

true matched filter and, therefore, should not have a significant effect on the

derivation of narrowband signals from the wideband data.

SECTION III

DESCRIPTION OF METHOD

As the discussion in the previous section implies, filtering wideband

radar returns to obtain narrowband returns is a relatively simple process. Most

of the effort in this study was related to the form in which the data were avail-

able. In order to minimize the effort required to obtain the data, understand

and compensate for radar dependent characteristics, remove translational motion

of the satellite, and be certain of the validity of the data, the most practical

form for transferring the wideband data from Lincoln Laboratory to Calspan was

in the form of two dimensional images. Since these images are the result of

reversible processing of the needed wideband data, much of the software developed

in this study was aimed at reversing many of the processing steps involved in

creating the images.

One way to describe the methods used for this processing is briefly to

review this imaging process. Figure 3 shows the ramp waveform transmitted by

by LRIR. The received waveform is mixed with a delayed (to an appropriate ref-

erence range) replica of the transmitted waveform to generate the uncollapsed
pulse. This pulse is digitized, Doppler corrected, weighted and Fourier trans-

formed to obtain a high resolution pulse, where successive samples from the

transform represent range samples near the reference range. Samples of many

pulses at the same range relative to a reference point fixed on the target are

weighted and Fourier transformed in the cross-range dimension to obtain Doppler

or cross-range resolution of target scatterers. This final step is repeated

for each sampled range and the composite represents a two-dimensional image in

the range-cross-range plane.

9
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The software implemented in this study reversed most of the steps in

image processing. It is important to note that two rather involved steps did

not have to be reversed as they would have been required even if the raw data

had been directly available to Calspan. The first of these was the compensation

discussed in Appendix A to remove the apparent range shift due to Doppler fre-

quency. The second was the very accurate range tracking of the target that was

required to ensure that the same frequency could be selected from successive

radar pulses.

khe software implemented is summarized by the block diagram in Figure 4.

The plotting of the two-dimensional images was done to ensure that the data were

being read properly from the magnetic tapes. The narrowband images were plotted

to facilitate eyeball correlations among signatures. The majority of the soft-

ware performed the reverse image processing steps described above and presented

various outputs to permit checking of intermediate results. Simple statistics

were calculated to permit comparisons among actual narrowband signatures and

derived narrowband signatures. This software is described in detail in Appendix B.

SECTION IV

RESULTS AND CONCLUSIONS

The primary purpose of this investigation was to demonstrate that

narrowband signatures derived from wideband data are a good representation of

actual narrowband signatures in practice as well as in theory. This section

describes the results of performing the required comparisons.

The nature of the LRIR precluded, at reasonable cost, obtaining wide-

band and actual narrowband data simultaneously. The data available for this

investigation are summarized in Table 1. Since the geometry differences from

pass to pass would make the signatures quite different, only a qualitative pattern

lobe correlation could be made between different passes; quantitative comparisons

could be made on a statistical basis. Therefore, it was decided to concentrate

on satellite 10352 since there were three actual narrowband signatures available

to compare to each other and to the signature at the same frequency that could

be derived from wideband data.

11
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The data from the three narrowband passes had been collected at either

100 or 200 pulses per second and a frequency of 10.0 GHz. Since this was much

higher than the effective pulse rate (three to four pulses per second) used

in the imaging process, groups of narrowband data were averaged to obtain a

comparably low sample rate. This averaging also eliminated a non-random noise

that, Lincoln Laboratory personnel agreed, was a figment of the radar operating

in the narrowband mode rather than a characteristic of the satellite. These

data were then plotted and statistics calculated to permit comparison to each

other and to the signatures derived from the wideband data.

The wideband data from the pass of Object 10352 were processed as

described in Section 3, selecting the same 10.0 GHz center frequency as used

above. The signature segments derived from each image were concatenated to

obtain a signature comparable to that from a narrowband pass. This signature

was plotted and its statistics calculated.

The plots from the three actual narrowband passes and the narrowband

data derived from the wideband pass were compared by "eyeball" correlation to

see if they were generally similar. It was found that all the signatures had

generally similar characteristics. Figures 5 and 6 show segments of two

of these signatures The similarities and differences are quite reasonable

for two different passes of the same satellite as seen at a radar frequency

of 10.0 GHz. One other characteristic that could be seen but not quantified

was the match-up of the segments of the derived signature at the ends of the

individual images. The 18 images gave 17 junctions of which three had a rela-

tively long gap between the end of one image's data and the beginning of the

next, eleven had short gaps and three had overlapping data. In the cases of

short gaps or overlaps, the excellent continuity and retracing of the sig-

nature plot was an indication that the signature segments were independent

of the individual images and that there were no significant effects at the

ends of the segments of the signature. Although these two observations did

not directly validate the derived signature, they did indirectly add credence

in a double negative sense: the signature did not show a problem.

14
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Analysis of the signature statistics led to a more positive indication

of the validity of the derived signature. Table 2 shows several statistics

that compare the derived signature to the three actual signatures. Clearly, the

derived signature fits well with the actual signatures, considering the varia-

tion among the actual signatures. The other statistic available for comparison

was the distribution of RCS values over the signatures. The normalized dis-

tributions are shown in Figure 7, and the corresponding cumulative distributions

are shown in Figure 8. Again, the derived signature fits well within the

bounds established by comparison of the actual narrowband signatures.

TABLE 2

COMPARISON OF ACTUAL AND DERIVED RCS SIGNATURES

Mean Standard
Mean Deviation Maximum Minimum

Pass RCS ofvRConRCS RCSof RCS

Actual Narrowband 1.3 5.7 12 -25
11/8/78

Actual Narrowband -1.5 5.9 11 -27
11/9/78

Actual Narrowband 0.9 5.6 12 -23
11/8/78

Derived from Wideband 1.4 5.4 13 -25
11/7/78

The major conclusion that can be drawn from this investigation is

that, theoretically and practically, narrowband signatures derived from wide-

band data are a very good representation of actual narrowband signatures. The

most important restriction is that the signal-to-noise ratio (SNR) of the de-

rived signature is lower than the original wideband SNR by the ratio of the

bandwidths, if the wideband signal spectrum is flat, as is typical. There is

no restriction on the complexity or number of radar scatterers of the target.

17
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The value of this capability to derive narrowband information from

wideband data is multifold. 1) Narrowband data can be obtained without the

necessity of modifying a wideband radar transmitter and receiver. 2) Narrow-

band data at multiple frequencies can be obtained simultaneously from the wide-

band data, permitting different radars and/or frequency-agile radars to be com-

pared under identical geometric conditions and with real rather than simulated

data. An example of a return at a second frequency is given in Figure 9;

the sample corresponds to that shown in Figure 6. 3) Although not specifically

discussed here, phase coherence is not lost in this filtering process, which

means that coherent waveforms can be evaluated using data derived by this process.

20
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APPENDIX A

DERIVATION OF NARROWBAND SIGNALS FROM WIDEBAND SIGNALS

This appendix shows that narrowband radar returns can be derived from

wideband returns by a simple filtering operation. This is done by showing that

the output from filtering a wideband return is identical to the output that

would have been obtained if the radar had transmitted and received a narrowband

signal.

A wideband signal S(t) is transmitted; it has the form:

S(t) = VT g(t) cos [2afot + 4(t)]

where f f2 (t) dt = I

ET  = transmitted signal energy

g(t) = amplitude modulation function

g(t) = phase modulation function

and f0 = RF frequency

The signal is reflected from a point target and the return can be

represented as:

r(t) = B " 2 ET (t) cos [2'R(f 0+ Y t + 4(t)] + n(t)

where 5 = channel attenuation

fD = Doppler frequency shift

n(t) = zero mean white Gaussian noise with spectral density ! N0

Here it is assumed that the target moves no more than a small fraction

of a range resolution cell during the coherent duration of the waveform. If this

22



is not true, as with the Haystack radar looking at satellites, a simple correc-

tion is made to compensate for the known Doppler shift.

The frequency spectrum (amplitude only) of the signal portion of

this return, S(f), is shown in Figure Al (positive frequency only) with the noise

power spectral density, PSDNMf), shown below it. The combined signal plus noise

return is supplied to a matched filter in the receiver which effectively multi-

plies the frequency spectrum of the signal So(f) by S*(f) and the noise power

spectrum density is multiplied by So(f)

where: -j2ft

S0 (f+fD)= 2 f~g(t) cos [2 T(fo+fD) t + (t)] e dt

The spectrum at the output of the matched filter may be considered as

the combination of signal and noise related terms:

IS0 (f)1
2 and PSDNO(f), respectively, and are shown in Figure A2.

Now assume that this signal is next applied to an ideal filter with

center frequency fc and bandwidth 11. The signal spectrum portion of the output

of this filter is:

Is0(f)12 = IS(f)1 2 for If-fcI < B/2

and Bf-fcj < B/2

= 0 otherwise

and the noise power spectrum portion is:

^N OPSDNO~f) = PSDNOf) - S(f)12 for If+foj < B/2

and If-fol < B/2

= 0 otherwise

23
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This return from the ideal filter is equivalent to the output of the

matched filter if the input signal was originally

f0+B/2 j2xft
S(t) = 2 Re { f S0 (f) e df }

f0-B/2

It is exactly the return that would have resulted if a narrowband signal (fre-

quencies from f0 -B/2 to f0+B/2) had been transmitted and received. In other

words, filtering a wideband return after receiving will obtain the same result

as transmitting and receiving a narrowband signal.
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APPENDIX B

SOFTWARE DESCRIPTION AND USERS'GUIDE

I. Physical Characteristics

Tape #AXDSRC is a 9-track, non-labeled, 800 BPI tape with the following

DCB information: RECFM=FB, LRECL=80, and BLKSIZE=8000. It is IBM compatible and

contains 3 files.

II. Format

Each record )n the tape is a card image of 80 characters and may be

read in the same manner used to read a deck of cards.

III. Contents

The content of each file is as follows:

1. File 1

This file contains the software used to derive the narrowband data

from the wideband coherent images. It includes a main driver, a block data routine,

processing routines and output routines. The prologues (including inputs and

outputs) are given in Table Bl. Below is a brief description of each:

A) MATH - reads inputs and controls program flow through the

processing and output routines.

B) BLOCK - a block data to initialize constants in common /LORINF/

for ladder plots.

C) Processing routines:

INVI - performs an inverse Fourier transform on complex

image data in the cross-range direction to generate

wideband pulse shapes.
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INV2 - performs an inverse Fourier transform on the complex

pulse shapes to generate frequency spectra.

KAISER - generates a set of Kaiser weights for the frequency

spectra.

PRDIST - calculates the mean, standard deviation, minimum,

maximum, frequencies of occurrence and cumulative

distribution of a set of data.

D) Output Routines:

LORINI, LDRPLT, PLT - initializes for and generates the side-

band ladder plots.

MAGPLT - generates a printer plot of the magnitudes of a

2-dimensional image.

OUT1 - generates a listing of data statistics calculated in

subroutine PRDIST.

E) The following are routines referenced in this program but not

included on this tape due to particular machine dependency:

FOURT - performs Cooley-Tukey Fast Fourier Transform

CORE - allows use of I/O statements to perform conversions

on a variable list into core instead of to/from an

I/O device

CTIME2, DATE, JBNAME - returns time-of-day, date and name of

job into core

PLOT, SYMBOL, NUMBER, EFPLOT - Calspan'basic plot software

PLTTME - see File 3.

2. File 2

This file contains the software used to convert raw wideband radar

data into 2-dimensional contour images. The software is composed of a main
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driver/processing routine and a contour plot subroutine. The prologues de-

scribing each routine and its usage are given in Table B2. Below is a brief

description of each:

A) IMAG2 reads input data from tape and cards, processes the

data for plotting, calls contour subroutine and then

writes identifying information on contour image.

B) MCCNTR - the contour plot subroutine, employs Calspan's basic

plot software (PLOT, AXIS, SYMBOL, NUMBER) to generate

the 2-dimensional contour images.

3. File 3

This file contains the software used to process narrowband radar data

and output results in the form of plots and statistical summaries. The software

is composed of a main driver, processing routines and output routines. A brief

description of each routine will be given below, while the prologues describing

each program can be found in Table B3.

A) NBAND - reads parameter cards, advances tape to initial position,

controls flow through processing and output routines.

B) Processing Routines:

SMOOTH - reads narrowband tape of RCS data in dBsm units,

converts to square meters and calculates average RCS

for the user selected number of data points.

CONVRT - converts an array of RCS data points from square

meters to dBsm.

PRDIST - calculate the mean, standard deviation, minimum,

maximum, and distribution of a set of data.

C) Output Routines:

OUT1 - outputs to the printer the statistics calculated in PRDIST

PLTTIME - outputs narrowband plot of RCS vs time.
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PLTASP - outputs narrowband plot of RCS vs aspect angle or

projected aspect angle.

Note: As pointed out in File 1 description, the programs on both

File 2 and File 3 call for Calspan's basic plot package composed of PLOT, AXIS,

SYMBOL, NUMBER,--which have not been included on this tape due to particular

machine dependency.
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TFABLE B31

PROLOGUES TO ROUTINES ON FILE 1

CC***********~**4******S* MAIN*S************S **
CC:*
CC*
CC* PUPS

CC. t T aL~RIVE NH DATA FROM '40 DATA THwrOUGH INVERSE FOURIt'i TRANS-*t
CC. ORMS. *

CC* *
CC* M ETHUD) *

CC* AN INVERSF- FOURIER TH(ANSFURiM 1I. PERFUQME) UN T-1C COMPLEX *
CC* I MAUtC IN T"E CH OSS--OAN6,L DIRLCTION FOk EACH RANCUL UATE
CC* (Ut-STll . THIS (LNLRATES THE URIGIN4AL Wh9 PjA.SE SHA'ES. AN *
CC* I NV!RS-~ FFT IS THLN )(]Nt- JN LACH PULSLf SHAPE TA GLNLRATL *

CC* FPNEUJNCY' S,ECTNqA. VAN<IOUS TAPL. LlIST AND) -LOTS ARE PN!IJUCEDt *t
CC* AT EACH z3tAUE OF THE: U-4LFSZING. FINALLY, .,ATIS TICS AktE OUNE*(
CC* JN A SINoLt- Fl LUUtENCY ( IFSTAT). *
CC *
CC* PROGRAM INP-UTS: *
CC. * T Pts - UNIT 1: *ri COMPLEX( IMAG.E TAPE FROM LL *

CC* CAN!)!, - UP TO 3 NAMLLisrS AqE READ:
CC* C INPUTI RECOUIRLD
CC* NGATCI-1 FIRST RANGE GArE IN IMAGE TO BE PROCLSS~u*
CC* NU(ATES N UMBER OF (.AYES TO fsti PkOCESSED (MUST 4t
CC* DIVI51BLE BY 4)
CC* NIAA S NUMHEri 9)9 IMAGES TIO NOCLSS *
CC* SLL - SIDELOE-t LEVL L(D3) FOR WEIGHTING
CC* PiGPLTS- LOG. INI)ICArUR FOR MAGNITUDAE PLOTS OF THE
CL* IMAtE, wi-i PULSES & tPN<u(F)-l EACH IMAGL) *

CC* 40OR - LU(,ICAL INDICATOR FUN '413 LADD=R. PLOT *
CC* WHTAPE- LU06. INDICATOR FOR MO PULSE SHAPti tAPE. *

CC* 4tL!LST - LOU. INDICATOR FUR U)IAG. LIST OF I PULSL *

CC* IPLIST- P99LSL NUMLR TO 13E LISTLD
Lt- NtOOLT - LOG. 1INUICATUR FOR NH RCS VS. TIM4E PLOT
CC* NH rAPE - LU. INDICATOR 9-OR 599 FREWUENCY TAPE
CC* >JIL-ST - LUG. INUICATUR FUN DlAG. LIST UF I FNEU(. *

CC* IFLIST- F,,(U NUM9ILR TO HE LISTLD
CC* 19-PLUt- Fk-LU NOMUE:R TO 13E PLOTTED us RCS PLOT
CC* 19-STAT- FkCU NURHEN FOR STAtISTIC-S
CC* ,t(;SL LO L'I -91 NC VALUE FON HISTOGRAM

CC. .ICSH1 -I, O11G 015MC FUR HiS;T.
CC* RCS.INC- RCS INLlqtMENT FON HiSr.
cC.* CALIIA - CALIBRATION FACTOR FOR FNLU DATA

CC* GLO-NIN - LAO) ONLY IF WBLDN=T
CC* XLt-Ft.XRIGHT. XLLN ,YbtOT.YtOPI.yLEN.LABRLP.RU)NUSP *
CC* **FURN r)ESLkIPTIUN OF THESE SEE CujMMoN LDHINF tELUW S

CC* &T!4EPLT - READ) (BY SUBROUTINE P-LTT,' t) ONLY IF N4hPLT=T*,
CC* RCSLNU- LtNGTH( IN) (If: RCSCY) AXIS

CCv T'1I-SCL- ILOCHEMLNT PER INCH(S5LC) 9-%JR TIMt(X) AXIS
CC * TAPEI- TITLE TO HE PLACED) UN RCS, PLOT*
CC* .iCSTTL- TITLL FOR RCS AXIS*
CC* RCS4iIN- MIN. VALUE FOR RCS
CC*
CC* PRO(,,AM JkITPkjTS:
CC* TAPE-1 - UiNIT ? Woi PULSL S-HAPES ( IF WtTADEz t)*

CC* UNI T 3: ULIVED Nb [DATA PUN ALL FNE~kULNCILS (IF NUiTA'LI
CC* =T I
CC* PLOTS - 2 FPUSSIRLt: (NUT B0TH IN I RUN): *

CC* 1) WH- PULSL SHAPE LADDER P>LOT (IF WHLDR=TI *
CC* -1) 50J RCS VS. T1ME PLOT FOR FRLU '4 IFPLOT (IF NBPLT=TI
CC* LISTS - PRINTER PLOTS 'IF MAGNITUDL(IF M4GPL-TST) OF:
CC* -46 IMAGELS. Wt, PULSES AND SB3 FNEUUt!NCIS
CC* DIAD,. LIST OF PULSE 0 IPLIST (IF W,3LST=T)
CC* DIAG. LIST 93F FRLQ 0 IFLIST (IF NBLST=T)
CC* STATISTICAL RESIILTS FOR EACH IMAGL

QL*
CC* COMMUN VARIABL -S USED
CC* /LONI NF/ - VANtIAHLE!.UE FUN WH LADDER PLOT
CC*
CC* R4EMARKS
CC* - Ti PROi)U, A WtO LADDER4 PLOT. PLdTTER=LALC:IMP.LtINU=Vo
CC* PA.'CN=S( SHOLD HL SOLL1F ELD ON THL tCXLC LARD
CC* - ru PRODUCE: A NU RCS P-LOT. PLOTTER C ALCUM.LUNUX PAPE 4SG
CC* SHOULD kit USED
CC* - AT THIS TIME. THE PROGRHAM CAN rDO EITHER THE LADDER PLOT OR
CC* TL- N4L5 PLOT. NOT O0TH

jtA~
9

A
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TABLE B1

PROLOGUES TO ROUTINES ON FILE 1 (CONT.)

CC* *

CC* SURikUTINE AND FUNCTION SUHP,4UGRAMS REUUIRE )
C* CTIML2 DATL.EFPLur.JJiNAME - CALSUBS *

CC* KAISER *
CC* INVI.INV2.LDRINI.LD PLT.PROIST.OUTI.PLTTME - STORED ON PRIVATE

CC* DISKLIB -LCMO.DISKLIB *

CC* *
CC* A UTH}R/POGRAMMER
CC* C.M.SLCZESNY
CC* MAR !979
CC*

cc:** 
B*********** LOCK(CC• *

CC* SUBROUTINE BLOCK
CC *
CC* PURPOSE •1
CC* TO INITIALILE VARIABLES IN COMMON
CC* S.
CC* C-OMMON VARIANLESL UED•
CC* VARIABLES ARE INITIALIZED IN THE FOLLOWING COMMONS: S,

CC* LD-4 INF
CC*
CC* AUHOR/PROGRAMMER -,
CC* C.M.SZCZESNY *
CC* MAR 1919
CC*

C.C'S'SS$• • ••• ••**r*SS*S*•S*S SS* INVI *• *"-• *r P*
- 

S*SS 
$ •
* S *

$
*

$
S 

• 
S 

$
*

$
S S*S

$
S*

CC', *

CC* SUBROUTINE INVI
CC*
CC* PURPOSE
CC* ro PERFORM AN INVERSE FOURIER TRANSFORM ON CAIMPLEX IMAGE
CC* DATA IN THE CR rSS--RANGE DIRECTION. TO GENERATE 9O PULSE *
C(-- SHAPES. *
CC*
CC* CALLING SEQUENCE *
CC* CALL INVI (V.NF.NG.NTUL) *

CC*
CC* DESCRIPTION OF PARAMETERS
CC* INPUTS:
CC* Nz - NO. OF CRLSS-RAN.GE CELLS IN THE IMAGE
CC* NG - NO. OF RANGE GATES IN THE IMAGE
CC* NTOL - ACTUAL NO..IF PULSES USED TO GENERATE THE IMAGE S

CC* HYBRIDS: *
CC* V - COMPLEX ARRAY CONTAINING THE 2-DIMENSIONAL IMAGE
CC* *
CC* COMMON VARIABLES USED *
CC* NONE
CC*
CC* SUBRJUTINE AND FUNCTION SU13PROGRAMS REQUIRED *
CC* FOURT - CALSUBS FOURIER TRANSFORM ROUTINE *
CC* *
CC* AUTrHUR/PI(,RAMMER *
CC* '4.HURNS S.
CC* MAR 1979
CLE

CC*
CC* SUBROUTINE INV. S,

cc*
CC* PURPOSE 

*

CC* TO PERFORM AN INVERSE FOURIER TRANSFORM ON aMPLEX IMAGE 5'
Cc DATA IN TP.E RANGE DIREC.TION TO GENERATE FREQUENCY SPECTRA S
CC* FROM THE SwB PULSL SHAPES. S
CC* S
Cc* CALLING SEUIUENC- *
CC* CALL INV2 (V.NF-NG.NTOL,fT2.CALIB

)
) S

CC* *
CC* DESCRIPTION OF PARAMETERS ,
CC* INPUTS:
CC* NF - NOO .F CROSS-RANGE CELLS IN THE IMAGE $
CC* NG - NO. OF RAN(,E (RArES IN THE IMAGE S
CC NIOL - ACTUAL NO. OF -PULSES USED TO GENERATE THE IMA6L S
cc* WT - ARRAY OF WEIGHTS FOR rHE RANGE DIM04SION
CC* CAL IO-CALIBRATION FACTOR FOR SPECTRAL. AA DATA
CC* HYRRIDS
CC* V -COMPLEX ARRAY CONTAINING THE 2.-OIME)NSIONAL IMAGE S

CC* S
CC' CORMON VARIAOLES USE.) *
CC* NONE S
CC* ,
CC* SUBROUT INE AND FUNCT I ON SUBPROGRAMS REQUI MED *
CC* FOURT - CALSUBS FfOURIL TRANSFORM ROUTINE
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TABLE B1

PROLOGUES TO ROUTINES ON FILE I (CONT.)

CCs *

CC: AUTHOR/PROGRAMMER
CC* M.BURNS
CC* MAR 1979 •.. . ..
CC *4

CC~* C******'4**S***~*SKAISER *************
CC
CC* SUBROUTINE KAISER

CC*CC. *

CC* PURPOSE *
CC, GENERATES A SET OF KAISER WEIGHTS. *
CC*
CC* CALLING SEQUENCE
CC* CALL KAISER (N.SLL-BUF. IER)
CC* *
CC* DESCRIPTION OF PARAMETERS .
CC* INPUTS:_
CC* N NUMBER IFW SAMPLES
CC* -SLL - DESIRED LEVEL OF SIDELOBES BELOW MAINLOBE IN DB(NEG.)
CC* OUTPUTS:
CC* kiJF - ARRAY FOR WEIGHTS 4
CC* IER - ERROR FLAG
CC: IF NUN-ZERO; THEN INPUT SLL WAS BAD AND DEFAULT
CC WEIGHTING IS CHOSEN. - _ *
CC* *
CC* COMMON VARIABLES USED *
CC* NUNt *
CC*
CC: SUBROUTINE AND FUNCTION SUBPROGRAMS REQUIRED .
CC: NONE*
CC: *

CC: A UTHOJR/PROGRAMMER
CC* M.oRNS
CC* MAR 1979
CC*

CC: *
CC* SUBROUTINE PRDIST - -
CC:

CC PURP4)SE *
C:: LVALUATIO)N OF DATA STATISTICS
C I) M EANJ VALUE C
C*: ?) STANDARD DEVIATION
C: 3) MAXIMUM
C$ '4) MINIMUM

C: 5) HISTOGRAMIFRE UENCIES OF OCCURRENCE) C
C:: b ) CUMULATIVE DISTRIBUTION
CC* C
CC: CALLING SEuULNCL
CC* CALL PRDIST (X.NP,A.B.C.O.EX) -
CC:

CC: DESCRIPTION OF PARAMETERS C
CC: INPUTS: *
Co: X IS THE NAME FOR THE DATA ARRAY
CC* NP IS THE NUMBER OF DATA POINTS C
C$* A.UC .C... )EFINE CELL SIZES AS
C$: A(IB)C(D)h - I THAT IS. ATO C IN INCREMENTS OF SIZE B. $
c -FR B TEIN TO L IN INCREMENTS OF SIZ D.
CCC FOR A=)C. S DT DL=-C OR SET E= 0.0. C

Cc: COMMON VARIABLES USED *
CC* OUTPUTS: .$
CC* A.CPRPOBi SEL OESC. OF PARAMETERS IN REMARKS
CC* *
CC: REMARKS
C:: RESULrS ARE LEFT IN LABELED COMMON LCP.RDB. DEFINED BY _ C
C:: CDMMJN/LCPNOi]/ NBUCK( 101 ).DIST(101 ),CELLI(102)..XMAX.XMIN. C
C:: XbARDEV.KI.NX $
C:: N13UCKII) IS THE NO. OF OCCURRENCESIINTEGER) FOR THE ITH CELL. C
C:: OISTI) IS THE CUMULATIVE.,DISTRIBUT-ION(FLOATING POLNT VALUE IN*
CC:" INTERVAL U.0 TO 1.0) CORRESPONDING TO THE RIGHT HAM
C$$ EDGE OF TIHE ITH CELL. $
C:$ CELLI(I)oCELLI(II) DEFINL THE LEFT AND RIGHT HAND EDGES. C
C:: RESPECTIVELY, OF THE ITH CEL.L. .CE.LJLI(.I LS SE.- TO .C
C:: -I0*75 CELLIIKI I) IS SET TO 10:*75 BY THE PROGRAM
C** XMAX.XMIN ARE MAXIMUM AND MINIMUM X VALUES. RESPECTIVELY.
C$$ XBAR IS THE COMPUTED AVERAGE VALUE FOR THE X S. C
C*C j)EV IS THE COMPUTED STANDARD DEVIATION. F IR. TME_x -S .. -
C$$ KI IS THE NUMBER OF INTERVALS. C
CC* W IS THE NUMHLR (OF DATA POINTS (=NP)

33



TABLE BI

PROLOGUES TO ROUTINES ON FILE I (CONT.)

CC:
CC* NOTE: A ROUTINE CALLLD OUTI (STORED UN LCM UDSKLIb AS *
CC* AXOUTI) CAN BE USED TI) LIST THE RESULTS GENERATED BY *
CC* PRDIST.

CC: SUBROUTINE AND FUNCTION 5UfiPRGRAMS REQUIRED *

CC* NUNE
CC *4
CC* AUHUR/PRO(.RAMRLR
CL* M.EBURNS .

CC* MAR 1979
CC* .LDRINI
CC* *
CC: SUBROUTINE LORINI *
CC * *

CC* PURPOSE
CC* TO INITIALIZE kON LADDER PLOTS BY DEFINING PAGE ORIGIN AND3
CC* WRITING LADDER LABEL WITI TITLE AND X.Y AXIS DESCRIPTORS. .4
CC* *
CC* CALLING SEQUENCE *
Cc* CALL LDRINI *
CC* *
CC* COMMON VARIAOILES USED 4
CL* INPUTS: *
CC* /U)R INF/ XTAG,XUNITS.XLEFT.XRIGHT.XLE.4 *
CC* YTAG .YUNITS.YBOTTYTOP.YLEN.TITL .RUNGLB
CC* *
CC* SUBROUTINE AND FUNCTION SUBPROGRAMS REQUIRED
CC* PLOT.SYMBOL.CORE - CALSUBS *
CC* *
CC* AUTt4O/PROfRAR4ER4
CC*- C.M.SZCZESNY
CC* FEB i 91 *
CC* 4

C***** 444***4************** LDRPLT ****************************
CC* *

CC* SUHROUTINE LDRPT
CC*
CC* PURPOiE
CC* TO GENERATE A PLOT OF Y VS. X THAT WILL 63E ONE RUNG IN A *
CC* LADUER OF SUCH PLOTS. *
CC* 4
CCI* CALLING SEQUENCE *
CC* CALL LDRPLT (X.Y.NPTS,RUNGID) *
CC* *

CC* DESCRIPTION OF PARAMETERS *
CC* INPUTS *
CC* X - ARRAY OF X OATA VALUES 4

CC* Y - ARRAY OF Y DATA VALUES i
CC* NPTS - NUMBER OF POINTS IN X.Y TO BE PLOTTED -
CC* RUNGIi)- IDENTIFIER FOR THIS RUNG (SUCH AS TIME.RECORD *.ETC)
CC* *
CC* COMMON VARIABLES USED
CC* INPUTS:
CC* /LDRINF/ XLEFT.XRIGHT.XLEN.YBOT.YTOP.YLEN.RUNGSP.LABREP *
CC * I
CC* SUBROUTINE AND FUNCTION SUBPRUGRAMS REQUIRED
CC* PLOT.NUMBER - CALSUBS *
CC* PLT - DRAWS Y VS. X
CC*4
CC* *
CC* REMARKS *
CC* USAGE:
CC* USING SUBROUTINE LDRPLT REuUIRES LINKAGE OF 2 OTHER SUBROUTINE
CC* LDRINI AND PLT (STORED AS GNLDRINI ANO GNPLr ON LCMD.DISKLIB).
CC* LDRINI MUST BE CALLED ONCE BEFORE IST CALL TO LDRPLT. *
CC* LI)ROLT IS CALLED FOR EACH TRACE THAT IS TO He A RUNG ON THE *

CC* ADOER PLOT. THE CALLIN( PRO(GRAM MUST TIEN EXECUTE A CALL TU *
CC* EFPLIOT (ON CALSUBS) AFTER ALL TRACES ARE PLOTTED.
CC*'
CC* AuTIHDR/PHOGRAMMER
CC* C.M.SZCZESNY *
CC* FEB 1979 *
CC* *

444
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TABLE B1

PROLOGUES TO ROUTINES ON FILE I (CONT.)

CC:
CC SUBRUUTINE PLT
CC *

CC* PURPOSE *
CC: TO PLOT THE 4X.Y) COOROINATES AND CLIP THOSE LINES THAT ARE
CC' ABOVE AND BELOW THE PLOT bUUNDARIES.*
CC *
CC: CALLING SEQUENCE
CC* CALL 'PLT (X.Y.NPTSXMINXMAXXSPAN.YMINYMAX.YSPAN)
CC**
CCo- DESCRIPTION OF PARAMETERS
CC* INPUTS:
CC* X - ARRAY OF X DATA VALUES
CC* Y - ARRAY OF Y DATA VALUES
CC* NPTS - NUMBER UF POINTS IN X.Y TO BE PLUTTEU
CC* XMIN - MINIMUM VALUE FOR X-AXIS
CC* XMAX - MAXIMUM VALUE FOR X-AXIS
CC* XSPAN - LENGTH(INCHES) OF X--AXIS
CC* YMIN - '4NIMUM VALUE FOR Y-AXIS
CC* YMAX - MAXIMUM VALUE FOR Y-AXIS
CC* YSPAN - LENGTH( INCHES) OF Y-AXIS S
CC* S
CC* COMMJN VARIABLES USED
CC* NONE *
CC*
CC* SUBROUTINE AND FUNCTILIN SUBPROGRAMS REQUIRED *
CC* PLOT - CALSOBS
CC*
CC* AUT?-UR/PROGRAMMER
CC* C.M.SZCLESNY
CC* FLH I 979
CC*

CC**** ****************** MAGPLT****************
CC*
CC* - SUBROUTINE MAGPLT *
CC*
CC* PURPOSE *
CC* TO GENERATE A PRINTER PLOT OF THE MAGNITUDES OF A 2-DIMENSION*
CC* IMAGE
CC*
CC* CALLING StQUENCE
CC* CALL MAGPLT IV.NMOW.NCOL.VSCALE,VTH)
CC*
CC* DESCRIPTION OF PARAMETERS
CC* INPUTS.
CC* V - ARRAY CONTAINING THE IMAGE
CC* NRuW - AST DIMEN. OF V (.*ELEMENTS IN CROSS-RANGE DIRECSLUStJ
CC* NCOL - 2ND DIMEN. OF V (CELEMENTS IN RANGE DIRECTION)
CC* VSCALE- SCALE FACTOR FOR V *
CC* VTH - THRUSHOLD TO BE USED ON V
CC*CC* COMMON VARIABLES USED ........

CC* NONE
CC*

CC* SUUROUTINE AND .FUNCTION SUBPROGRAMS REQUIREDLL . -,
CC* NONE

CC*
CC* AUTHLO/-PROGRAMMER
CC* M.3URNS..... ... . ......
CC* MAR 1979
CC* *
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TABLE Bi

PROLOGUES TO ROUTINES ON FILE 1 (CONT.)

£UBR.UNJE,._0UTL _.

CC* PURPOSE 4
C* PRINT OUTPUT OF DATA STATISTICS FROM SUBROUTINE PRDIST *

CC* CALCING SEQUENCE .. . .. . ... . *
CC* CALL OUTI
CC* **
CC* COMMON VARIABLES USED.. *
CC* INPUTS%
c: /Lcpkob/ 

*CC* NBUCK - NO. OF OCCURRENCES FOR EACH CELL *
CC* D.IST - CUMMULATIVE DISTRIBUTIONS CORRL.SPQ.N0ItIf T. *11-.
CC* HAND EDGE OF EACH CELL 

*

CC* CELLI - DEFINES THE EDGES OF THE CELLS FROM RIGHT TO LEFT*
CC* XMAX - MAXIMUM .VALUE 0
CC* XKMN -. MINIMUM VALUL. .. ..
CC* X8AiR - COMPUTED AVERAGE *
CC* DEV - CUMPUTLED STANUARD DEVIATION 4
CC* KI - NU. OF INTERVALS
CC* NX - NO. OF DATA POINTS ...
CC*
CC* REMARKS
** SAMP.LE PRINT OUT COULD LOOK LIKE THIS. •

C** MEAN= 11.42 SIGMA= M.8 9,= MX
- 

3 ,00.4LN=L.. . P-ZNO0*
** CELL FRQ. CUM. CELL FRE. CUM. 4

C** ***** - 0. 0 0. 10.00 - 12.00 20 00.00
C** 0. - 1.00 0 0. 12.00- 14.00 10 65.00 •
C * * 1 . 0 0 - 2 . 0 0 Q O . .1 0 . 0 0 . I . Q - . .. .0 _ _ 3 ' 0 .,. 0 . *
Cat 2.00 3.00 10 15.00 16.00 - 18.00 20 80.00 *
C** 3.00 - 4.00 10 20.00 18.00 - 20.00 to .85.00 *
C** 4.00 - 5.00 10 Z5.00 20.00 - 22.00 5 87.50 *
C** O0-.00 6 00 .10 30.00 .. .. Z ,00 -_ 24Q00 .__ 0. _ 87.5 .
C** 6.OU - 7.00 10 35.00 24.00 - 2b.00 5. 90.00 *
C** 7.00 - 8.00 10 40.00 26.00 - 28.00 0 90.00 *
C** 8.00 -- .00 10 45.00 28.00 - 30.00 0 90.00 •

.C** _ 9.00 -- 10.00 10 .50.00 . .30.00_-- _* _** * .... L 0.o

C** A SKIP TO A NEW SHEET PLUS A HEADER LINE SHOULD lIE SUPPLIED *C** BY TIHE USER IN THE MAIN CALLING PROGRAM. 4C C *.. . . . . . .. . . . . ..
CC* SUbROUTINE AND FUNCTION SUB-PROGRAMS REOUIRt:D
CC* NONE *
CC* 4
CC* AUTHOR/PROGRAMER .. .. ..... . ...
CC* BURNS/SZCZESNY 4
CC* MAR 1979
CC* •
CC**** **** *********** *************.4.t
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TABLE B2

PROLOGUES TO ROUTINES ON FILE 2

cc:
cc* ** IMAG2 ** S
.CC*
CC: X-.BAND CONTOUR PLOT PROGRAM •CC. *
CC: PURPOSE S
CC* TO READ A TAPE OF WIDEBAND RADAR DATA. CONVERT •
CC* THESE DATA INTO MAGNITUDE VALUES AND PRODUCE TWO
CC* DIMENSIONAL CONTOUR IMAGES OF THE CONVERTED DATA •
CC*
CC* INPUTS *
CC* CARDS:
CC* VARIABLES TO CONTROL READING.PRINTING. PLOTTING •
CC* METHOD: •
CC* 3 NAMELIST STATEMENTS AND I FORMATTED READ STATEMENT ARE •
CC* USED TO INPUT PARAMETERS AS SHOWN BELOW:
CC* *
CC4 NAMELIST /DOINDX/ - PARAMETERS TO CONTROL READING OF S
CC* THE INPUT TAPE
CC* NRECI - THE RECORD NUMBER 4POSITION) OF THE INITIAL S
CC* RECORD TO BE READ FOR EACH IMAGE •
CC* NREC2 - THE RECORD NUMBER (POSITION) OF THE LAST •
CC* RECORD TO BE READ FOR EACH IMAGE *
CC* NIMAGS - THE TOTAL NUMBER OF IMAGES ON THE TAPE •
CC* NIMAGP - THE NUMBER OF THESE IMAGES TO BE PROCESSED •
CC* DURING THIS RUN *
CC* FORMATTED READ (1000) - PARAMETER TO CONTROL WHICH IMAGES •

CC* ARE PLOTTED. USED IN CONJUNCTION •
CC* WITH THE NAMELIST DOINOX S
CC* IMAGNO - AN ARRAY OF IMAGE NUMBERS, IN ASCENDING ORDER. •
CC* OF THOSE IMAGES TO BE PLOTTED FOR A GIVEN TAPE. •
CC* SEE COMMENTS BELOW IN THE SOURCE FOR MORE INFO S
CC* ,
CC* NAMELIST /IFLAGS/ - PRINT AND PLOT FLAGS
CC* IPRINT - ASSUMES A VALUE OF 0. 1 OR 2 •
CC* IF 0 - NO OUTPUT TO PRINTER OF MAGNITUDE OR PHASE VALUES*
CC* IF I - MAGNITUDE VALUES ARE OUTPUTTED TO PRINTER 0
CC* IF 2 - MAGNITUDE AND PHASE VALUES ARE OUTPUTTED 0
CC* IPLOT - ASSUMES A VALUE OF 0 OR 1 
CC* IF 0 - NO CONTOUR PLOTTING OF MAGNITUDE VALUES IS DONE S,
CC* IF I - CONTOUR PLOT THE MAGNITUDE VALUES S
C* ISOALE - ASSUMES A VALUE OF 0 OR I ,
CC* IF 0 - USER SUPPLIED INPUTS FOR SIZE OF X AND Y AXIS S
CC* JSIZEX.SIZEY) AND NUMBER OF UNITS OF X AND Y PER ,
CC* INCH FOR EACH AXIS(XUNITS.YUNITS) ARE PASSED TO ,
CC* THE PLOT SUBROUTINE UNCHANGED.
CC* IF I - USER SUPPLIED INPUTS FOR SIZEX.XUNITS.YUNITS 0
CC* ARE IGNORED AND THE PROGRAM CALCULATES VALUES S
CC* FOR THE 3 VARIABLES BASED ON THE RATIO OF CROSS ,
CC* RANGE CELLS TO DOWN RANGE CELLS. SEE SOURCE
CC* COMMENTS FOR MORE INFORMATION
CC* •
CC* NAMELIST /IMPLOT/ - PARAMETERS TO CONTROL THE CONTOUR PLOT •
CC* PROCEDURE. •
CC* NLEV - NUMBER OF CONTOUR LEVELS DESIRED •
CC* CTHV - CONTOUR THRESHOLD VALUEiSMALLEST VALUE CONTOURED)*
CC* CINCR - INCREMENT BETWEEN CONTOUR LINES •
CC* SIZEX - SIZE OF X AXIS IN INCHES •
CC* SIZEY - SIZE OF Y AXIS IN INCHES •
C XUNITS - NUMBER OF UNITS OF X PER INCH(E.G. I.SM/IN)
[ YUNITS NUMBER OF UNITS OF Y PER INCH
CSXIN INITIAL VALUE FOR X AXISC YMIN - INITIAL VALUE FOR Y AXISCC YORIGN - OSITION OF X ORIGIN IN INCHES

FCC* XORIGN - POSITION OF Y ORIGIN IN INCHES *
CC LABELX - ARRAY OF CHARACTERS FOR X LABEL
CC* LABELY - ARRAY OF, CHARACTERS FOR V LABEL 0,

CC* LBLSIZ - PJ1MBER OF CHARACTERS IN X OR Y LADELISAME SIZE) 0
CC* 0.
CC* TAPE' .'
CC* RAW WIDEBAND PULSE DATA TO BE CONVERTED TO ,
CC* MAGNITUDE VALUES FOR PLOTTING
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PROLOGUES TO ROUTINES ON FILE 2 (CONT.)

CC*
CC* OUTPUTS
CC: SYSPRINT - HEADER RECORD FOR EACH IMAGE. ALSO PHASE

cc. AND MAGNITUDE VALUES If PRINT FLAG IS "ON- 0
CC* *
C PLOTTER MAGNITUDE VALUES ASSOCIATED WITH EACH IMAGEC: ARE CONTOUR PLOTTED ALONG WITH APPROPRIATE

CC* HEADER INFO USING THE VERSATEC PLOTTER

CC*
CC* SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
CC*
cc* INTERNAL( IBM SUPPLIED) FORTRAN FUNCTIONS *1
CC* A10A - EXTRACTS INAGI14AR PORTION OF COMPLEX VAR *4
Cc* REAL - EXTRACTS REAL PORTION OF COMPLEX VARIABLE of
Cc* ATAN2 - TANGENT FUNCTION &RETURNS A 4 QUADRANT RESULT*,
CC* CABS - ABSOLUTE VALUE OF COMPLEX VARIABLE *4
CC* INT - INTERGER PORTION OF FLOATING POINT VARIABLE Ow
CC* ALOGIO - LOG FUNCTION *
CC*
CC* EXTERNAL SUBROUTINE:
f.C* MCCNTR
CC* PURPOSE- PRODUCE CONTOUR PLOT OF DATA
CC* IN A 2--DIMENSIONAL ARRAY
CC* REQUIRES: PLOT*AXIS.SYMBOL.NUMBER *
CC* ARGUMENTS (2-0IMENSIONAL ARRAY.PLOT
CC* PARAMETERS)-SEE DESCRIPTION OF SUB *
CC* MCCNTR FOR MORE DETAILS
CC*
CC* AUTHOR/PROGRAMMER •
CC* CALSPAN
CC* FEB 1979 W
CC* P.M.MCMAHON l4

CC$$$$$$$*$****$*$$*$$$$$••$**$ MCCNTR $$*$$$$$$$$$$*5*$$$$$$$$$$$$$$$**
CC* $

CC** SUBROUTINE MCCNTR
CC**
CC** PURPOSE
CC* TO GENERATE PLOTTED CONTOUR IMAGES OF A 2-OMENSIONAL ARRAY **
CC** OF DATA POINTS
CC*S *4
CC** CALLING SEQUENCE *4
CC** CALL FMCCNTR4AoNI.NX.NY.C.NC.XMIN*DX.ALX.YVIN.DY.ALYXI.YI *,
CC** X.AB.YLAS.NL.IPXY)
CC**
CC** DESCRIPTION OF PARAMETERS

IMA - 2 OIMENSIONAL ARRAY OF POINTS TO BE PLOTTED
CC** "I NUMBER OF ROWS IN THE ARRAY IN THE CALLING PROGRAM *
CC** NX - NUMBER OF X VALUES
CC** NY - NUMBER OF Y VALUES
CC** C - I DIMENSIONAL ARAY OF CONTOUR LEVELS TO BE PLOTTED
CC* NC - NUMBER OF CONTOUR LEVELS TO BE PLOTTED
CC** XMIN -X VALUE OF FIRST POINT IN THE ARRAY U USED AS
CC* THE INITIAL VALUE OF THE X-AXIS)
CC** DX - NUMBER OF UNITS OF XINCH IN THE PLOT 4USED AS THE
Cc** INTERVAL FOR T

" 
X AXIS)

CC** ALX - LENGTH OF X AXIS IN INCHES
CC** TWIN - VALUE OF FIRST POINT IN ARRAY A (USED AS THE
CC** INITIAL VALUE OF THE Y-AXIS)
CC** DY - NUMBER OF UNITS OF t/INCH IN THE PLOT (USED AS THE
CC** INTERVAL FOR THE Y-AXIS) 9
CC** ALY - ENGTH OF Y-AXIS IN INCHES
Cc** XI - COORDINATE IN INCHES OF THE X ORIGIN CORIGIN RESET
CC** FROM 0.0 TO XI.YI)
CC$ * I - COORDINAT IN INCHES OF THE Y ORIGIN
CC** XLAB - ARRAY OF CHARACTERS TO SE USED AS THE X LABEL
Cc** YLAB - ARRAY OF CHARACTERS TO BE USED AS THE Y LABEL
CC** ML - NUMBER OF CHARACTERS IN EITHER LABEL (NOTE: LENGTH
CC** OF XLAB a LENGTH OF YLAB)
CC** IPY- PLOT FLAG& ALWAYS SET AT 2 FOR THIS TYPE OF DATA . "
CC.** IPXY n I- PLOT IS SYMETRIC ABOUT X-AXIS9CORRESPOII
CC** POINTS PLOTTED IN UPPER QUADRANTS 0

CC** IPXY a 2- PLOT ONLY THOSE LEVELS FROM THE GIVEN 0

CC** POINTS--PLOT THE DATA AS GIVEN

cc** *
"00* REMARKS 5
CC** THE REQUESTED CONTOUR LEVELS ARE INTERPOLATED FROM THE DATA
CC** POINTS AND THEN WRITTEN TO A DATA SET AND SORTED BEFORE
Cc** BEING PLOTTED ON THE VERSATEC
CC**
CC** AUTHOROPRO6RANMER
CC** EoBECKIER -
CC** FEB 19"9
CC** P.M.MCSAHMN
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PROLOGUES TO ROUTINES ON FILE 3

CC: *
CC. AXD NARROW BAND PLOT PROGRAM

CC* PURPOSE *
CC* ro REAl) SEL C TEf RiCOR)S LW- A TAPE OF NARROW 6AND RADAR DATA *
CC* WHERE LACH RECO O IS C)M PIIEI OF RADAR C.UbS SECT r IN.TIME.
CC* ASPECT ANGIc AND PORJECTEJ) ASPLCT ANGLE AND THEN PERFORM THE $
CC* FOLLOWING UPRATIONS *
(C 1) SMOUTH TriE DATA ACCURDING TO US ER SUPPLIED PARAMETERS *
CCS ?-) CALCULArL DESCRIPTIVE STATISTICS ON THL RCS DAFA -
CC* 3) PLOT RCS VS TIMIt OR RCS VS ASPLCT ANtLE Uk RCS VS "
CCS PROJLCT|-UD ASP-CT AN.LL
CC*
CC* )ESCRIPTIUN UF PARAME ERt,
(C INPUTS .
CC* CARDS: S
CCS VARIABLES TO CONTROL SMUJQTtlNG.P4LUTTING.SrArISTLCS.TAPE READING*
CC* METHOD- $
CC* 4 NAMELIST REALD StArEMENTS ARC USED TO INPUT PARAM TJRS - *
(CS AS bHOWN iELOW: $
CC* 5,
CL* NAMELIST /REAI)TP/- PARAMLTERS TO CONTROL REA)ING UF THE S
(CS - INPUT TAPE
CCS NRECI -. THE RECORD NUMBER UF THE INITIAL RECORD TO riE READ s
CCS FROM THE TAPt S
CC* NREC2 - THE RECORD NUMbcR OF THE LAST RECORD TO UE READ
CC PRJM TIHE TAP,
CC*

CC* NAMELIST /lIrLAGS/ - CQNVESION.SlATISIICSPLOT AND TYPE S
(CS OF RCU S UNITS FLAG( ,
CC* ICNVRT - ASSUMLS A VALUE (OF 0 OR I
CC* IF 0 - NI CONVEReSION OF RCS DATA BETWEEN SM AND OttSM
CC. IF I - CALL SUnROUTINE TO CONVERT RLS ARRAY FROM
CC* RCS.-SM TO (S,C./osM

CC* tSTATS - ASSUMES A VALUL 1iF U DR I "
CC* IF 0 - DO NOT CALCULATL DIESCRIPTIVE STATISTICS ON TL. L
CS.$ RCS DATA ARRAY S
C.C IF I - CALL SUBROUTINE TO CALCULATE DLSCRCF4IPTIVE STATS
Ccs IPLOt - ASSUMZS A VALUE OF 0,1.2 OR 3
CCS IF 0 - NIJ PLOTTING (IF ANY DATA IS PERFk)RMEL)
CC IF I - PRODUCE A PLOT OIF TIME(X) VS RLC(Y) VALULS

CC* IF 2 - PRODUCE A PLOT OF ASPECT ANGLL(X) VS RCS VALUES
CC* IF 3 - P4UI)UCE A PLOT OF PRUJECTED ASPECT ANGLEIX) VS
CC* FCS(Y)" VALUES "
CC* TYPRCS - ASSUMLS A VALUE OF 0 OR I s
CCS IF 0 - RCS IN SM UNITS, tHERCFORL N) AUTOMATIC SYMETRICAL*
CC* SCALING OF RCS(Y) AXIS ABOUT 0 s
CC$ IF I - RCS IN OUSM UNIrS. THREFORE AUTOMATICALLY SCALE *
CC* SYIEttRICALLY ABUT 0 RCS

CC. NAMLIST /IPULSL/ -- PARAR4LrLRS TO CONTROL SMOOTHING AND
CC* DATA OUTPUT . --
CC" NPLSES - THE NUMBER OF PULSES TO PJE AVERAGED TO PRODUCE S
CC* ONE RCS DATA POINT FOR PLOTTING OR STATISTICS 1
CC* NTHUUT - CONTROLS HOW MANY SMOOTHED DATA POINTS ARE S
CC* OUTPUftED Ti) PRINTER FOR CHECKING PURPOSLI) ..
CC*
CC* NAMELIST /STATS/ -PARAMLTERS TO CONTROL THE FREQUENCY $
CC* OISTRIHUTIUN THAT 1i UUTPUTC) tY _ $
CC* THE STATISTICS RTIUTINL

CC* TAPE:
CC* NARROW BAND RADAR RECORDS COMI'USED OIF RAIoAR CROSS SECTIOi. -
CCS tIME OF OB3SFRVATTUN AND TWUASPECT ANGLE- -
CCS OUTPUTS:
CCS SYSPRINr - lEA-R REtCOio FuR rtiL FILE. A RECORD OF )ATA FROM S
CC* - THL rAPE AT A USER SPECIFIED INrLRVAL. AND
CC. DE!SCRtPT[VE-STATISrICS INC. FREULENCY 0ISTIBUTI0N"19
CC* THE ISTATS FLAG IS "ON- $
CC* PLOTTER - A LINE PLOT OF RCS(ISLSM (JR SM) VS TIMe.ASPLCT ANGLE OR*
CC* PROJECTED ASPECT ANGLE IF IPLUT = 1.2 OR 3,REPECVIV-LY
-CC* -USI.G tALSPANS CALCO14P PLOTTER .
CC*
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PROLOGUES TO ROUTINES ON FILE 3 (CONT.)

CC* SUU~tJUT LtkE ANA FUNC ri(LS TJTI, NltvkA4N REU "IItt E)
CC* ~ ~ ~ ~ ;M S~lrUT HI'Ns ~~ IAG LUPtAI 44~ (' THL RCS i)ArA *

cc* C"N'VRT -CO'sVERTS AN ARRAY' OF RCS/St I)ArA ru RCS,'u135!I ~TA
LC PQ I I.T : AL(:JLATI-- --4tAN.STANL)AR.J )LVIATI!)N.MIN,AXANI)
cc. .'NCUNLY I)ISTRItjuTIlfN OF AN AR Ay LJIF kCS D)ATA
cc: ouri. - (LU ri'r ,-:s" tiLTrS CALCLDLATLi.DIN PROI Sr~cc Pi..TT 4- I)RA 11 A ,PL1T OF RC! Vs TIAE U.,I Ttit- LALCUMP
CC* PL rASO' M,4A. .'Lor .)F kC! VS AsP'Lc ANGLE: J-1 r4C! VS P !lJcrLCTE
CL* A l- A"J(.Lr- (14 LALCiUi-P

Cc: AIJTiiOfPROGRAA4ER
CC* P.M .MCMAHUN
CC* APR 119
rcC* CALSPAN COR~PORNATIOLN*

CC.

LC SUL3NUUTINE, SMOOTH
CC*
CC* PUki"J, tk
CC* TO) 4NAU WJL5Itb 4t-CrOqfS OF DATA FN(IM rHL NANNUw 3ANO TAPE.CALLULATE*
CC* TI-i M4E.N uiF C-t- NC, DA rA PuINr, A,4:) .,LLCI flii ME.0IAN TIW '.ASPt.c r
CC* AN(,L- A;'dt) ,CJt-.CTEL AsPLtc r VALULS

CC* CALIF&. St-UL4LEt
CC*4 CAL- $;4i1Il"(N9L',ES.4CiVAL.TMEVAL.ASCTI.A' CT!.tflFI S
CC*

cc* IN PC. I
r.C* AV~kuJ MENT LI!,T:
cc* NPL,.. - L)SLE-I II.*INf-0 VALUE FO;, T1t- NU'-IuLN OF1 ktCi)RL)-. Thi BE
CC. RtAU ANU AVI-RAG.I 0

CC* NANNO*4 BANE) 44otA-i rAPE WITH RELONI)S C13!.PUSEL) 0" A F41S VALUC.
Cc* TIME VALUE AN-) Ll %L~Pf:CT ANCLt!.
CC* ki1'-uit,
Cc* ARGLJMt-NT LISr:*
CC* RCtVAL - MLA'J OF T IL kCS VALUJES( AFTER LONvEN rING UNI CS FROA D.3sM4*
CC* rQ S4) FUN "PLSLS IRECURDS4
CC* TmrVAL - MEILIAN TIME VALUE OF THE NPLSEb, kECUNLS
CC* ASPCTJ - MLL)IAN ASPLCT ANGLti OF THE NPLSLS RCCUkOS
CC* ASPCr2 MEDIAN P~nJECTEU ASPECT ANGLE: Or; rHE NPLSES RECIIRIS
CC* L OF' E41) kW FILE FLAG. ,LT Tt) I IF EdOi IS, RLACHrt[ WHILE S
CC* RtALYIN6 TH-E TAPE WIT-itS SMOOLTH-

cc* NEMARKS*
CC* THiE MAIN PROLNAAflVCESTHE-TAPE TO) THE STARTING RLCONO A1N45)
CC* TESTS FUN TilE ENO-UF-FILF CONDITION. IF EUFI. rHE OFFIER VALUES*
cr;* BEING RLTURNEL ARE IGNORED

CC* SWJL3OUTINE -AND) -FUNCTIOJN SlJtiPRUGNAMl. REUUIHEL)
CC* NONL

CC* AUTIO/PIIGAP-V.IER
CC* P.4M(:CMAH()N
CC* APR 1979
CC* CALSPAN CORPOR4ATIOIN

CC**********.************ CONVRT *****.s***sss~~*

CC* 1SUhkNIUTINtl- CONVRT
CC*
Cc* PURPOSE
CC* CONVERTS, AN ARRAY OF RCS(SM) DATA TU NCSCI)HSM)
CC*.'
CC* CALLING SEQUENCE
CC* CALL CO-JVRT(N.RCSOOB)
CC*
Cc. DLSCkEtPTIIIN (IF PARAMETERS
CC* I NpurIs
CC* 14 - NU#MSER OF DATA PO3INTS IN THE RCS ARRAY(MAX=IOOOO)
CC* RC5QO - THE 04CS ARRAY IN 0WR1(INAL(SQ. M) UNITS
Cc.L OUTPUTS
CC* RCSQOH - THE RCS ARRAY IN1 CON4VERTFUiD~itSM) UNITS FOR PLOTTING
CC*
CC* REMARKS
CC* THF. ORIGINAL UNITS ON THE TAPE IS UbjSP HOWEVrR. THE SMOOTH SUu
CC* CONVERTS TU SM t3EFUqE AVLRAGING. THIS ROUTINE CONVLRTS .3ACKTO_
CC* DEISM FOR PLOTrING OR STATISTICS

40



_ _ _ _ _ T17- - 7 _---

TABLE B3

PROLOGUES TO ROUTINES ON FILE 3 (CONT.)

CC* SUOHOUTINE AND FUNCTION SUBPRORAMS Rt-OUIRE()
CC* IBM SUPPLIED) LOG FUNCTION ALOGIO*
CC*
CC* AUTHUR/PROUIAAEk
c: P.M .MCMAHO'A
cc5 APR 1-479
CC* CALSPAN CO.kPURATION*

C: SUBROUTINE PROIST

C*

C. EVALUATION UF I)ATA STAI-ISrLC
C* 1) MEAN VALUE
C* 2) STANDARD >,ZVIATIUN
CS 3) MAX(IMUM
C* 4) MINIMUM
cs b,) HISTD&HGAM4k-(FUENCIE-$ UP )CCURRENCt:)
CS b) CUMULATIVE DISTRIHUTInN

C* IUSAGE
C*
CS CALL PR0IST(X.H4P.A.13.C.D).L)-
Cs
C* WHERE

A* IS THE NAM4E F-34 THE DATA ARRAY
CS NP IS THE NUM43LR Utz LATA POINTSS
CS ~ .01.C... I)EFINL CELL SIL S AS
CS A(H)C(D)E -ITHAT IS, A TO C. IN INCREMENTS ut SizL H.
Cs rHLN4 rO t- IN INCREMLNTS, 10- SILE D).
C* FO44 A(A)C. SET E=D)=C' UN SET L= 0.0.
C*
CS REMARK(S
C*
Cs RESLTS ARE LEFT IN LAOiELEL) C IMMON LCPH)OB * [FINLI) HY*
CS CDMMON/LCPkJ[U/ NBiJCK(IUI).LDIST(IGI).CLLLI(1U2).XAX.f-IN.
C* KAAN.DLV K I NXS
C* W.
Cs tN0UCK(Il IS TH-E Nt. OF UCCUkHENCrS(INTEbfERI FOR rIE MiTC&LL. *,
C* OLSI(I) IS TH-E CUMULATIVE 0 1STRIH3UTIUNIP( LUAT ING POINT VALUE IN*-
C* INTLRVAL 0.0 TO 1.0) CUNMESPONDING TU THE RIGHT HANDS
CS LDGE OF THE irH CELL.
Cs CELLI( 1) CELL1(1+1I DEFINE Tilt LEFr AND 4IGHT HAND EDGE S. *
CS RNES;'ECTIVrLY. OF THE ITH CELL. (CELLI(I) is stLr in
Cs -10**75 CLLLI(Kl4I) 1S SET TO 10**7b UY THE PRO)UHA, *
CS AMAA.AMIN AkE MAXIMUM AND MINIMUM X VALUES.- RNSPLCTIVEiLY.
Cs XBAR IS THIE COMPUTED AVENAGEF VALUE FO rHL x S.
C* UEV IS THE COMPV)TEI) STANDARD) IEVIArION FO.- THE A S.
Cs K.I IS THE NUMB3ER OF INTERVALS.
Cs NA IS THE NUMNEN- OF DATA PU1I4TS I= NP)
CS
Cs SUDOUT INE AVALLAULL
Cs
C* THIS J40kJTINL IS AN O)PTIONAL OUTPUT RUUTINE- COMPATIBLE wirH 4
Cs THE PRECUDI),G PRDIST POUTINE.
Cs CALLING SEUOENCE - CALL DUTIS
CS A SKIP TU A NEd SHEET PLUS A HEADER LINE SHOULD HE SUPPLIED dy*
Cs THE USER IN THE MAIN PROGRM.
Cs

Cs SUI3HOUTINE OUT I
Cs PUN)PDOSJ
Cs PR4INT tilrPur (IF Il)ArA STATISTICS FRUM SUBROUTINE PROIST
Cs USAGEL
Cs CALL OUT] 4
Cs REMARKS
Cs SAMPLE PRINT JUT CUOLO LOOK LIKE THIS.
Cs MEAN= 11.42~ SL(,MA d.0230 MAX.= 30.00 MIN= 1.00 NO. PtS.=20 5
CS CELL FlEu. CON . CE-LL FHE0. CUJM.S
Cs ss 0. 0 o. 10.00 - 12.0)0 2u 0 D.00
C* U. - I.uU 0 0. 12.UO - 14.00 10 05.00 S
CS 1.00 ? .00 20 IU.UU 14.00 - 10.00 IU 70.005
Cs 2.00 3 .00 t0 16.00 10.00 - 184.00 20 do.00S
CS 3.00 - 4.00 10 i20.00 18.00 - ?0.00 to h,5.00
CS 4.00 - n-00 IV 2!>.00 20.00 - 22.OU b 431.505
CS 5v.00 - b.00 10 40.00 2e.00 - !4.00 0 d37.50
CS 6.00 - 7.00 10 35.0v 24.00 - 2b.00 S. Yu.00s
Cs f.ou - 13.00 IU 40.00 eo.Ow - 28.U.3 0 40.005
CS 6.00 - '9.00 IU 4+5.00, 23.00 - JU.00 U 9u.00
CS 9.00 - l0.00 10 50.00 .Ouu - 5*** 20 100.005

CS A SKI1P TO A NEW SHEE-T PLUS A OIEADLR LINE SHOULD HE SUPPLIED 5
CS IJY THE UStR IN THE MAIN CALLIN. PROIURAM.

CSSS~sS~s~sS~SSS5~sss~sSSS
5

SsS*Sss5S*SSssS~s*5555555*7.
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CC* *
CC SUBROUTINE PLrTMF
CC*
CC* PURPOSE -
CC* DRAW A LINE PLOT OF RADAR CROSS SECTION(OBSM OR SM) VS TIME FOR
CC* REAL OR DERIVEDFROM WIDEbANI)).NARROW BAND RADAR DATA. ,. .
CC* -
CC* CALLING SEUUENCE
CC* CALL PLTTME(TIr4L.RCSDTA,NPTS.NRCI.NREC2,NPULSE.NORJ.FLG) *
CC* $
CC* DESCRIPTTONOF"PARAMETERS.
CC* INPUTS
CC* ARGUMENT LIST:
CC* TIME - ARRAY OF TIME DATA POINTS TO BE PLOTTED
CC* RCSO)TA - ARRAY-OF-R-CS I.ATA POINTS TO BE PLOTTED
CC* NDPTS - ARRAY OF RCS DATA POINTS IN TIME OR RCSOTA *1
CC* NRECI - PfJITION IF FIRST RECURD READ FROM TAPE - TO PROVIDE *.
CC* IODNTIFICATILON INFORMATION ON THE PLOTTED OUTPUT
CC* NREC72 - PrOsTTirTiF cAST RECORD READ FROM TAPE - TO PI4OVI 'E -
CC* IDENTIFICATION INFORMATION AS ABOVE
C* NPUL SES - SMUOTHING INTERVAL SELECTED BY USER - FOR PLOT *
CC* IDENTIFICATIUN *
CC* NOHJ -

- 
OSJECT NuMHE? - FOR PLOT IDENTIFICATION-.......--

CC* FLG -. A FLAG T(AT CtANTROLS AUTIMATIC 5YMERI CAL SCALING OF
CC* RCS OATA (Y AXIS) ABOUT OI.E. IF FLG=I. SCALING IS *
CC* AUTOMATIC. IF Nor I. USER MUST SUPPLY HLGINN.[NG .AND *
CC* -ENDNGTIOTNTS OF THEY AXIS *
CC* OUTPUTS: *
CC* LINE PLOT OF RADAR CROSS SECTION VERSUS TIME WITH APPROPRIATE *
CC* IDENTIFICATION INFORMATION ON CALSPANS CALCOMP PLOTTER .
CC* ,
CC* SUBROUTINE AND FUNCTION SUBPROGRAMS RFQUIRD $
CC* CALSPAN PLOT SJURUUTINES
CC* PLOT - BASIC PLOT. SUO USED BY HIGHER LEVEL PLOT RIOUTINES W
CC* AXIS - DRAWS X OR -Y-A)IS WITH TIC MARKS AND LABELS ...

CC* SYMBOL - DRAWS A.PHA CHARACTERS OF SPECIFIC SIZE AND LOCATION l
CC* NUMBER - DRAWS NUMERIC INFORMATION OF SPECIFIED SIZE AT $
CC* A SPECIFIED LOCATION a
CC* LINE - DRAWS 'A STRA'GF-IT L NE BETWEEN POINTS DEFINED '13Y-. -
CC* SUCCLSSIVE SLEMENTS (F X AND Y ARRAYS S.
CC* IBM SUPPLIED FORTRAN FUNCTIONS SI
CC* INl - RETURNS INTEGER PURTION OF FLOATING PLOINT NUMBER SI

CC* AMAXI -'RETkHS MAXIMUM VALUE OF ARG OF FLOATING PT NUMBERS i4
CC* AMIWT -- RETOIRNS -RTNITMUM VALUE OF ARG OF-FLOATI'G-PT flMum -wj
CC* *#
CC* AUTHOR/PROGRAMMER
CC* P.M.MCM AHUN
-cc-- A43R 1979
CC•*

. . . . I4 2
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PROLOGUES TO ROUTINES ON FILE 3 (CONT.)

CC444444sss~s*....4...*.. PLTASP 4*44s*444****..
CC.
CC: S~ukIUUTINL I'LrASP
CC.
CC: PUROSE
CC* DRAW A LINE PLOT OF RAOA14 LFC1J'S SECtICIN(ONISM OR SM) VS A3PECT
CC w ANGL L OR PROJLCTLO A .PEC I ANUjLE FOR SELECTED) PU~R~iUNJN OF NARROW.
CC* BAND RADAR rAPE4
CC*
CC*' CALLING SEGUEN,:E
CC* CALL PLTASP(ANGLE.RCSO)TA.NDPtS.NjtCCI.NRECZ.NPULSE.NOUJ.FLG)

CC* REMARKS*
CC* IN OROEN FUN rriis PLOT 5kUHktUrINE 113 WUNR( PRUPt RLY THt DATA THAT*
CC* IS PASSED TO IT MUST UL IN ASCENDING OR DESCENl)IN(, 3JNLrcR-- *
CC* THILREFORE UT?4rST CARE MOST BE USED IN SPECIFYING NReCI AND NRCC2
CC* TO INSURE: THAT THE AN(,LL CH1OSEN IS INCR_ ASING OR ULCRLASING
CC* IN ONE DIRECTION ONLY*
CC* 4
CC* DESCRIPTION OF PARAMETIRS -
CC* ImpuIs
CC* ARGUMLNT LIST:
CC* AN(A-E - AR14AY OF AI.PLCT ANGLL UN PR'JJEcriED AspiLCT. ANGLE IIATA*
CC* FP)INTS TO T3E '-LOTTED
C C4 *. CSDTA - A 141AY6OF NC, I)ArA PoINTS TO Lst PLOTTED
CC* NlIkPIS - AR14AY Fp RCS PATA WUINFS IN TIME OR RCSOTA
CC4; NNLCI - POStTION OF FINST kECORD REAL) FROIM TAPE - rO PRUVIDE 0
CC* TrTE'MTFICATIJN TIFl~1RMATra1N n1 THE PLO)TTEr) OUTPUT S
CC* NNkL:C2 - POSITII'4 OF' LA.AT N RONNAL FROMI rAPE - To PNOVIDE *
CC* LOE-NTLFIcAriut4 INFUNMArIuN AS AbOVE4
CC* NPUL SE , - S'iCOiTHIN(, INIRVAL StLLLCTEI) HY USER F UR PLOT
CC* TDENTIFICATION 4
CC* NOIiJ - OBJLC NUO,4"tA- - FOR PLOT IDENTIFICATION
CC* FLG A FLAu THAT cowiTULS AUrUMATIC SYMiETNICAL SCALI44i UP
CC* kCS DATA (Y AXIS) Atiour oi.tE. IF P:LU=1. SCALING IS *
CC* AUTIMATIC. IF NOT I1. LJSCR MUST SUP'PLY 3EGINNENG AND)
CC* ENDI"41, POINT, OIF (ML Y AXIS*
CC* OUTPUT5:4
CC* LINE PLUF oF N41AAN CNRiS *,r.CTtPN VS ASPECT ANGLE JR PRJJECTLO 4
CC* ASPECT ANGLZ WITH APPNLJPRIATZ IDLINTIFYING INFONMATiuN ON 4

CC* CALSPANS CALCOMP PLUTTE.N
CC*
CC* SUBROUTINE AND FUNCTION SUESPRO(.R-AMS REQUIRED*
CC* -CALSPAN PLOT SUBROUTINES4
CC* PLOYT - BASIC PLOT SUB USED BY HIGH-ER LEVEL PLOT kJUTINES

C* AXIS - UNAWS A AQ Y AXIS WITH TIC M ARK(S AND LAL-tLS*
CC* SYMBOL - DR.WS AL-'HA LHiARACTEN4S O- -SPECIFIL SIZE AND) LOCATIJN A4
CC* NUMBER - DRNAWS NUMIO C INFUHMATIUiN OF SPECIFIE-D SIZE AT 4

CC* A SPECIFIrI LOCATION
CC* LINE - URAW', A .,TNAIH'IT LINt: tsLTMLt~ POINTS DEFINI) BY*
CC* S(JCC'--S!.VL S',L~Afr.NTS !)P X ANO Y ARRAYS*
CC* 1MM SUPPLILA) FORNTRAN ONLTIONS
CC: INT - kfETlUHNS INT!:(;L~k PORTION OF FLOATING PLINT NUMBER *

CC4 AMAXI - RLONNS MAXIMUM VALUL OIF AND aF FLOATING PT NUMSLRS 4

CC* AMINI - REtURNS MINIMUM VALUE OF ARG OF FLOATING PT NUMBERS 4
C C*
CC* AUTHOR/PROGRAM'AI4
CC* P.m .MCMAftjN
CC* APR 19P/V9
CC*

CC*
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