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ENGINEERING EXPERIMENT STATION
Georgia Institute of Technology

S D A Unit of the University System of Georgia
i Atlanta, Georgia 30332

October 29, 1982

Naval Sea Systems Command
Code 62R13
Washington, D. C. 20362

Attention: Mr. Charles Jedrey

Subject: Monthly Contract Technical Status Report No. 1, "Phase 2 - IPAR
Investigations," Contract No. N00024-82-K-5360, Georgia Tech Project
A-3366, covering the period from September 22, 1982 through October 31,
1982

Gentlemen:

This status report summarizes program activities performed under the subject
contract for the period September 22, 1982 through October 31, 1982.

TECHNICAL ACTIVITIES

Technical activities have included the IPAR system integration into the GT1 radar
van, gathering and fabrication of the necessary ancillary equipment, and development of
detailed local and Panama City data collection plans. The one-year layoff in funding
resulted in partial dismantling of the IPAR system and reassignment of previously
involved personnel. At this point, the system integration is 90% complete. A mixer-
preamp was sent to the manufacturer for repair and is now on its way back. Two two-
channel strip chart recorders are required for this field operation. One Georgia Tech
recorder has been obtained, and if another is not available, the second will have to be
rented. The personnel conducting the meansurement program are: Marvin N. Cohen,
Project Director; Benjamin Perry, RF Engineer and Data Analyst; and Richard Folea, Co-
op Student. Corner reflectors for use in the experiments are being constructed, and an
existing pole and movable reflector will be refurbished for the multipath interference
experiment.

The facilities manager at the Naval Coastal Systems Center (NCSC, Panama City,
Florida), Niles Schuh, has been contacted and preliminary arrangements for the planned
field operation are being made with him.

Mr. Eric Sjoberg is not yet back from London, but other Georgia Tech attendees
report that his IPAR presentation at RADAR-82 was extremely well received.

AN EQUAL EMPLDYMENT EDUCATION OPPORTUNITY INSTITUTION



Mr. Charles Jedrey ~2- October 29, 1982

FUTURE WORK

The local data collection will commence November 8th and end November 13th.
The NCSC multipath interference and sea clutter data collection field exercise will
commence November 22nd and continue to as late as December 5th, if necessary.

Respect fully submitted,

Marvin N. Cohen, Ph.D.
Project Director

APPROVED:

/

Robert N. Trebits, Ph.D.
Chief, Analysis Division



- ENGINEERING EXPERIMENT STATION
Georgia Institute of Technology

A Unit of the University System of Georgia
Atlanta, Georgia 30332

January 11, 1983

Naval Sea Systems Command
Code 62R13
Washington, D. C. 20362

Attention: Mr. Charles Jedrey

Subject: Monthly Contract Technical Status Report No. 2, "Phase 2 - IPAR
Investigations," Contract No. N00024-82-K-5360, Georgia Tech Project
A-3366, covering the period from November 1, 1982 through November 30,
1982

Dear Mr. Jedrey:

This status report summarizes program activities performed under the subject
contract for the period November 1, 1982 through November 30, 1982.

TECHNICAL ACTIVITIES

Data collection with the IPAR system was begun locally at Dobbins Air Force
Base on November 23rd. A full matrix of data was collected on simple trihedral targets,
trihedral targets in a (grass) multipath environment, and grass clutter. Two FM and two
digital tapes of data were recorded. A preliminary analysis indicates that the data are
correct and will be easily reduced when that phase of the program begins.

Although the local data collection was not yet completed, I decided to adhere to
schedule and leave for Panama City, Florida for the sea measurements on November
29th. The local data collection will be resumed upon our return. As of November 30th,
the system was set up, tested, and operational at a site overlooking the bay at NCSC in
Panama City. .

At the request of the organizers, we have submitted a paper describing IPAR and
its potential for lowered probability of intercept (LPI) operation to MSAT'83 (sponsored
by Microwave Systems and Technology, Inc.). The paper has been accepted and is
scheduled for presentation on March 10th, 1983 at the Washington, D. C. Sheraton. The
conference is being held Monday through Friday of that week. A copy of the paper is
enclosed for your approval.

AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION



Mr, Charles Jedrey -2- January 14, 1983

FUTURE WORK

The bay and sea measurements will commence December 1, 1982 and continue
through December 15th. During this time we plan to collect a full matrix of multipath
interference data over bay and sea, bay and sea backscatter data, and some signatures
from complex targets of opportunity. .

Respectrully submitted,

Marvin N. Cohen, Ph.D.
Project Director

Enclosure

APPROVED:

Robert N. Trebits, Ph.D.
Chief, Analysis Division




THE INTRAPULSE POLARIZATION AGILE RADAR

By: Dr. M. N. Cahen, Mr. E. E. Martin, Mr. E. S. Sjoberg
Geargia Institute of Technology
Engineering Experiment Station
Atlanta, Georgia USA

INTRODUCTION

The Intrapulse Polarization Agile Radar (IPAR) system transmits a pulse
that is encoded by polarization modulation on a subpulse basis. This coding is
then utilized to effect pulse compression of the received echo pulse. This
methad differs from the more classical approaches of pulse compression
encoding on carrier phase or frequency in that the cading is contained in the
relative phase between the horizontal and vertical polarization companents of
the transmit pulse. As a consequence of this novel approach, IPAR exhibits
many unique characteristics including the ability to be implemented with a
variety of RF waveforms such as single frequency, frequency agile, or noise
carriers, Doppler-invariant pulse compression, and an intrinsic potential for
discriminating stationary targets from surrounding clutter.

The current IPAR system has been implemented in an X-band radar
designed and built at Geaorgia Tech. Traveling wave tubes amplify the
independent harizontal and vertical polarization components of the RF energy
which is then transmitted via a dual-made feed as right or left circular
polarization. The heart of the IPAR system is a high speed digital processor
implemented in TTL and ECL technalogy. Binary codes up to 32 bits in lenath
with bit rates up to 100 MHz may be generated and processed in real time.

This paper first presents a very brief summary of the utility of pulse
compression in modern-day radar systems, followed by a discussion of the
basic elements of polarization theory that are important for an understanding
of the IPAR system's signal processing.  Significantly mare detailed
discussions of each of these topics may be found in any of a number of
standard texts (e.g., refs 1 and 2).

The paper proceeds with discussions of the thearetical basis for IPAR-
type processing, the hardware configuration of the current IPAR system, some
unique properties of IPAR waveforms that are of general interest, and the
properties of IPAR.‘waveforms that are mast germane to low probability of
intercept (LPI) operation. The. paper ends with a description of ongoing
efforts in this area as well as future research directions.

PULSE COMPRESSION

Historically, pulse compression was first achieved utilizing linear
frequency madulated (LFM) waveforms. Mare recently, as a result of the
ascendancy of digital signal processing, biphase coding of the carrier RF as

well as discretely stepped inter- and intra-pulse frequency madulation have
come to the fare.



A pulse compression radar codes a transmit pulse of duration T to attain
a bandwidth of 1/t , where T >> T. By matched filter processing of the -
echo pulse, the received signal is compressed to a width T, which achieves a

. 1 .
range resolution of 5CT. A pulse compression system thus achieves the

resolution of a pulsed radar that utilizes a pulse of duration Tt while in
actuality transmitting a pulse of duration T. The primary applications of
pulse compression in modern-day radars include: (1) signal-to-noise ratio
enhancement due to the compression gain (T/1), (2) clutter reduction due
to the resulting decrease in range cell size, (3) lowered probability of
intercept (LPI) operation, again due to the pulse compression gain, and
(4) realization of increased waveform flexibility for the implementation of
multi-mode radars (e.q., detect, track, identify).

“

POLARIZATION

Radar signals are polarized in that the E-field modulation is constrained
to a particular plane in 3-dimensional space or the plane of modulation can be
varied in a particular manner. For example, two orthogonal linear
polarizations are vertically (V) polarized and horizontally (H) polarized
electromagnetic waves, where the plane of polarization is defined as that
perpendicular to which no E-field modulation can be detected.
Electromagnetic waves with elliptical polarizations are generated by
transmitting sinusoidal H and V polarized waves simultaneously which differ in
amplitude and/or phase. If the amplitudes of the H and V sinusoids are equal
in amplitude and are out of phase by 900, then the polarization is said to be
circular. If, in addition, the H component lags the V component by 90 the
resultant wave's plane of polarization varies accordlng to the right hand rule
in the direction of propagation, and the wave is said to be right cu‘cularly
(RC) polarized. When the H component leads the V component by og® , the
wave is left circularly (LC) polarized. RC and LC are orthogonal
polarizations.

The circular polarization of a reflected wave is affected by the nature
of the reflecting surface. In particular, the circular polarization of a wave
reflected from an odd-bounce scatterer is opposite in sense from the circular
polarization of the incident wave (e.g., RC incident yields LC reflected and
vice versa). As can be deduced from the odd-bounce case, even-bounce
reflectors leave circular polarizations unchanged (e.g., RC incident results in
RC reflected). The phenomenon underlying these effects is that on a single
bounce the relative phase between the H and V components of the wave
remains unchanged: “(since both are flipped by 180° in phase) while the
direction of the propagation is reversed. The net result is a change in
handedness of the electromagnetic wave, just as one would observe a change
in handedness of the rotation of a transparent clock when it is viewed from
front and back.

PULSE COMPRESSION ON POLARIZATICN MODULATION

The IPAR system is capable of switching between right and left circular
polarization on an intrapulse basis at rates up to 100 MHz. Utilizing separate
H and V ports on receive, IPAR downconverts the two channels separately and

[}



accurately measures the phase between them. Let dH/ repfesent the phase
difference between the H and V channels (that is, dH/ = ¢r—1 - 4\/\ , and recall
that a signal is RC polarized if Gy = 90°  and LC polarized
if Gy = -90°.  For convenience, let S¢ = sing. Then SdH/ =1 for RC
signals and Sq—l\/ = -1 for LC signals, thus giving a natural correspondence

between binary codes and intrapulse polarization modulation. IPAR utilizes
this correspondence to construct well-behaved polarization codes from the
class of well-known, well-behaved binary codes. '

Figure 1(a) depicts a natural choice for an IPAR transmit waveform.
According to the correspondence described ahove, the chosen code represents
a 13 hit Barker code and yields a pulse compression ratio of 13 to 1. Figures
1(b) and 1(c) represent the expected returns from an idealized flat plate (or
any other odd-bounce scatterer) and an idealized dihedral (or any other even-
bounce scatterer), respectively.

The IPAR processor computes, on a subpulse basis, S¢HJ of any

received echo waveform and passes the results of that computation through a
filter matched to the coding on the transmit waveform. Figure 2(a)
represents the output from the matched filter compressor given the return, as
depicted in Figure 1{b) from an odd-bounce reflector. Note that the time
resolution is /2 rather than T/2 (a 13-to-1 improvement) and that the peak
signal voltage is T/t or 13 times the nominal uncompressed level. Figure
2(b) represents the output in response to an even-bounce reflector. Note that
its power and resolution characteristics are precisely the same as those of 2(a)
although there is a change of sign in voltage.

If the reflecting surface is more complex than an idealized simple
scatterer, then so will the receive waveform and, thus, the output from the
matched filter be more complex, especially so if time averaging or a spread
spectrum carrier is used to decorrelate the target in polarization. These
effects are described in more detail elsewhere (ref 3).

IPAR IMPLEMENTATION

IPAR was designed and built as a demonstration and data collection
system. The goals were first to establish that the IPAR technique would work
and second to collect data to quantify IPAR's strengths and weaknesses
relative to classical’radar techniques.

Some of the design goals were:

(1) achieve a 100 MHz real time correlation and compression rate;

(2) correlate and compress using noncoherent radar techniques and a
wide bandwidth noise RF carrier;

(3) permit growth to computer control and data analysis;

&) incorporate the ahility to ranae gate and replay correlation data for
quick, on-site observation and analysis.



Figure 3 shows a block diagram of the resulting system. Functionally,
the system may be viewed as two subsystems: the RF subsystem and the
IPAR digital processor subsystem. The basic system operation is described in
the following paragraphs.

The IPAR system includes a two-channel master oscillator power
amplifier (MOPA) radar transmitter. The two channels are connected to the
vertlcal and horizontal ports of a dual-polarized antenna feed. Whenever a
90° phase relationship exists between the two channels, the resultant
transmission_is circularly polarized. By switching the phase relationship to a
negative 900, the opposite sense circular polarization is transmitted. By
switching in accordance with an advantageous coding sequence, a pulse is
transmitted which is coded right and left circular. .

The phase shift for one channel referenced to the other is achieved at a
low power level due to the speed limitations of high powered phase shifters.
For this reason, the IPAR system was bhuilt with two high power amplifier
channels. The phase shift of one channel is accomplished at low power using a
mixer, which, for the devices used, could conceivably modulate the
polarization at rates in excess of 2 GHz. The mixer (i.e., phase shifter or
phase modulator) has the characteristic that a high level signal (i.e., +1) at the
IF port causes zero phase shift from the input to output, whereas a low level
signal (i.e., -1) causes a phase shift of 180°. With a permanent 9n° phase shift
added to the U 180° phase shift combinations, the result is -90° or 90°.
Hence, the reqmred phase relationships are generated for the right and left
circular polarization-coded transmissions, which may be at a high data rate
independent of carrier frequency.

In fact, two RF sources in addition to a narrowband 9.35 GHz carrier
have been incorporated in the current system. An HP 624C signal generator
may be used to impress a 60 Hz sinusoidal frequency spread of 30 to 40 MHz
on the transmit pulse to provide a frequency agile mode of operation. In
addition, a noise source with a spectral width of 140 MHz may also he used to
modulate the RF carrier (ref 4).

As in transmission, two receive channels are employed. The signals in
the two receive channels are translated down in frequency, retaining the
relative phase between the two signals, and applied to a phase detector. The
polarity and amplitude of the resultant bipolar video eugnal will be similar to
the coding impressed on the transmission (and stored in the correlator)
provided that the return is of high fidelity and not noise-like. The high speed
correlator samples’ the returning signal at a maximum rate of 100 MHz.
Future VHSIC and gallium arsenide technology advances could increase this
rate considerably. Once the video signal has been quantized and input to the
correlator, the remainder of the operation proceeds like conventional, biphase
modulated, pulse compression techniques.

The prototype IPAR digital processor was designed to provide a flexible,
complete, and self-contained radar signal correlation orocessor. It may bhe
operated in a stand-alone mode, under front panel control, or connected to
and controlled by a minicomputer or microcomputer. The processor is capable
of correlating received signals with the stored reference code in real time at



rates up to 100 MHz. The operator has freedom to independently determine
the transmitted code, subpulse width, PRF, and range gate setting to achieve
his objectives.

Figure 4 presents a simplified hlock diagram of the digital processor and
its interfaces to the external world. The slower TTL processor (6 MHz) mav
be considered the host or control portion of the unit, which interfaces with
the front panel and the control computer (when provided) and determines the
operational mode of the processor. The high speed ECL processor interfaces
with the radar generating the transmit and coding signals, receives and
quantizes the video from the radar, performs correlation processing in real
time and stores data from the range gate position. A list of basic capabilities
is presented in Table 1.

-

TABLE 1. IPAR DIGITAL PROCESSOR CAPABILITIES

Subpulse Length: 10 - 160 ns

(100 - 6.25 MHz)
PRF: 500 - 8,000 pps plus manual
Range Gate: 0 -15 km,

0.75 m maximum accuracy
Codes: Any binary code up to 32 bits long

Correlation Processor: True correlation for 32 bit code length
Pseudo-correlation for 1 - 31 bit code lengths

Digital Threshold: Adjustable
Self Test/Calibration: Built-in

IPAR CHARACTERISTICS

Classical forms of pulse compression are quite senstive to Doppler
shift. Linear FM and its discrete approximations exhibit this sensitivity in the
form of range-Doppler coupling (see, for example, ref 1) which makes it
impossible to distinguish short range, high velocity targets from distant,
stationary ones on a single pulse basis, Binary phase codes evince this
sensitivity in the form of a severe loss- ln-processmg gain for targets whose
radial velocities are relatively high. However, since IPAR processes only the
relative phase between the two polarization components of the received pulse,
IPAR processing should prove insensitive to Doppler shifts of the receive
signal.

Returns from reflectors that preserve IPAR's polarization coding or
simply rotate it 180° compress fully and steadily. Returns from reflectors
that do not preserve IPAR's coding compress poorly and sporadically.
Assuming a spread spectrum carrier and/or pulse-to-pulse integration to
decorrelate complex f(in polarization) targets, it follows that the more
complex a target is on a subpulse basis, the more ooorly it will comoress.



Finally, assuming that at sufficiently fine resolutions man-made targets are
less complex in polarization than many types of clutter (sea clutter, grass, and
trees for examples), it follows that IPAR processing should provide inherent
clutter suppression and stationary target-to-clutter discrimination
capabilities. These capabilities have, in fact, been documented both through
theoretical analyses (ref 5) and qualitative observations (ref 4).

Additional characteristics and potential applications of IPAR and IPAR-
like systems include reduction of multipath interference, target
characterization in terms of polarization-signed range profiles for
identification purposes, and potential for LLPI operation.

LPICHARACTERISTICS

Lowered probability of intercept (LPI) operation results from many
factors including system beamwidth, dwell time, and PRF; operational
scenario and strategy; waveform characteristics; and the intercept receiver.
In addition, the problem contains so many elements of one-upsmanship that a
reasonable measure-of-goodness for an LPI technique might be the ratio of
cost and effort required to implement the technique to the cost and effort
required to defeat the technigue. Intrapulse polarization modulation, hbeing a
new, unigue, and extremely flexible technique, embodies various

characteristics which may prove valuable as a basis for an LPI compatible
waveform.

The three features of IPAR-type orocessing that seem most important
to its worth as a quiet radar technique are: (1) compatibility with various RF

carriers including noise, (2) pulse compression processing, and (3) polarization
diversity.

IPAR's pulse compression is indeoendent of the RF carrier and may he
implemented in a carrier-diverse system where the carrier may he made to
vary radically on a pulse-to-pulse or as-necessary basis. In particular, IPAR
has been demonstrated with a wideband noise carrier as well as narrowband
and frequency swept sources. Thus all of these carriers are available in
devising a strategy to defeat an unintended listener.

The pulse compression gain achieved by IPAR is the same as that
achieved by the classical forms of pulse compression. Thus, IPAR achieves
the same signal-to-noise advantage that more standard pulse compression
radars achieve over a "dumb" intercept receiver.

The inherent polarization diversity in IPAR-type processing leads to
various results depending on the assumed polarization characteristics of the
intercept receiver. Under most assumptions, the intercept receiver
experiences 3 dB more loss against IPAR than against a more convential, fixed
polarization radar, and under the most severe assumption (that the interceot
receiver is H and V polarized and can process the RC and LC polarization),
IPAR comes out no worse than a conventional radar.



CURRENT ACTIVITIES AND FUTURE DIRECTIONS

The current IPAR system has been field tested. During these field tests
many of its theoretically-predicted properties were qualitatively verified (refs
3 and 5). Among these properties were pulse compression on narrowband,
frequency swept, and wideband noise RF carriers, and the suppression of tree
clutter returns with respect to simple targets when the frequency swept and
naise source carriers were employed.

At this writing the IPAR system is being utilized to collect reflectivity
data on simple targets, multipath over the sea, and sea clutter. These data
will be reduced and analyzed to provide proof-of-concept and to quantify
IPAR's performance under various scenarios. \

In addition, an advanced IPAR system is being designed and built which
includes several significant advances over the current system:

(1) embedded microprocessor controller;

(2) 6 bit A/D conversion of the phase video at 100 MHz;
(3) 64 bit code length and true correlation for all codes;
(4)  signal integration capability;

(5) Pseudo real time processing of 256 range bins;

(6) compatibility with 500 MHz operation.

The embedded microprocessor contraoller will allow pulse-to-pulse code
agility as well as provide a signal integration capability and an automatic
digital tape recording facility. By employing 6 bit A/D converters, small
scatterers separated by more than one subpulse length fram a larger scatterer
will be resolved fram the larger reflector, which will enable true target
polarization profiling. The code length will be expanded to 64 hits, and a true
correlation will be formed for all possible codes including those with
embedded zeros. The extended code length and correlation capability is
obtained at the expense of real time operation. Instead, 256 range cells will
be sampled and processed during each pulse repetition interval.

The IPAR system has evolved from a concept to a demonstrated working
radar system. When the full potential of the IPAR concept has been
investigated, it may prove to be a significant advance in radar and
communications technology.
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ENGINEERING EXPERIMENT STATION
Georgia Institute of Technology

A Unit of the University System of Georgia
Atlanta, Georgia 30332

January 11, 1983

Naval Sea Systems Command
Code 62R13
Washington, D. C. 20362

Attention: Mr, Charles Jedrey

Subject: Monthly Contract Technical Status Report No. 3, "Phase 2 - TPAR
Investigations," Contract No. N00024-82-K-5360, Georgia Tech Project
A-3366, covering the period from December 1, 1982 through December 31,
1982

Dear Mr, Jedrey:

This status report summarizes program activities performed under the subject
contract for the period December 1, 1982 through December 31, 1982.

TECHNICAL ACTIVITIES

A full matrix of multipath (simple reflectors) over bay and sea; bay clutter and
sea clutter data of opportunity, and some signatures of passing vessels, the Proline (the
boat provided for sea support by NCSC), and Stage Two were recorded. The digital data
tapes generated were sent back to Georgla Tech on a daily basis for verification of data
format and reasonableness of the data. All preliminary indications are that we have
recorded a good, useful set of data.

Due to the vagaries of weather and minor system problems that needed attending,
the collection program lasted through December 21. The crew and equipment arrived
safely home early the morning of the 22nd. The immediate results of our efforts are 13
FM and 15 digital tapes of IPAR data upon which to base our analyses.

The remainder of the work month (December 22-24) was spent putting equipment
and paperwork in order.

Enclosed for your approval is a draft copy of our paper, "IPAR as a Target

Identification Radar," that will be submitted for presentation on February 9, 1983 at
CISC '83 in Monterey, California.

AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION



Mr, Charles Jedrey -2- January 14, 1983

FUTURE WORK

A two pronged effort will begin January 3, 1983. Misters Benjamin Perry, Brett
Freemar, and Michael Baden will work at completing the local measurements interrupted
by the excursion to NCSC. The data to be collected include IPAR backscatter from
complex targets configured from combinations of dihedrals and trihedrals, tree clutter,
and targets in tree clutter, as well as signatures from some targets of opportunity. The
effort should take a week or two depending on factors such as weather. At the same
time, Misters Michael Shannon and Richard Folea will begin developing the architecture
of and software for the construction of a complete, efficient data base consisting of all
the data collected on this program. I, as Project Director, will be deeply involved in both
efforts, providing direction, guidance, and coordination.

Respectrully submitted,

Marvin N. Cohen, Ph.D.
Project Director

APPROVED:

Robert N. Trebits, Ph.D.
Chief, Analysis Division



"IPAR AS A TARGET IDENTIFICATION RADAR®"

By:-Dr. M. N. Cohen and Mr, E. S. Sjoberg

Georgia Institute of Technology
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"IPAR AS A TARGET IDENTIFICATION RADAR"

By: Dr. M. N. Cohen and Mr, E. S. Sjoberg

Georgia Institute of Technology
Engineering Experiment Station
Atlanta, Georgia 30332 USA

~ ABSTRACT

The Intrapulse Polarization Agile Radar (IPAR) system transmits a pulse that is
encoded by polarization modulation on a subpulse basis. The coding is then utilized to
effect pulse compression of the received echo pulse. This method differs from the maore
conventional approaches of pulse compression encoding on carrier phase or frequency in
that the coding is contained in the relative phase between the harizontal and vertical
polarization components of the transmit pulse. As a consequence of this novel approach,
IPAR exhibits many unique characteristics including the ability to he implemented with a
‘variety of RF waveforms such as single frequency, frequency agile, or noise carriers,
Doppler-invariant pulse compression, and an intrinsic potential for discriminating

stationary targets from surrounding clutter.

The current IPAR system has been implemented in an X-band radar designed and
built at Georgia Tech. Traveling wave tubes amplify the independent horizontal and
vertical polarization components of the RF energy which is then transmitted via a dual-
mode feed as right or left circular polarization. The heart of the IPAR system is a high
speed digital processor implemented in TTL and ECL technology. Binary codes up to 32
bits in length with bit rates up to 1080 MHz may be generated and processed in real
time. The system has been successfully demonstrated, and has been utilized for a
comprehensive data collection program. The resulting data are currently being reduced

and analyzed to investigate and quantify some of IPAR's predicted properties.



INTRODUCTION
‘i .

The exposition that follows begins with a very brief review of the elemental
concepts necessary for a thorough understanding of the IPAR system's signal processing
as applied to target identification. The utility of pulse compression in modern-day radar
systems, the basic, germane elements of polarization theory, and some fundamentals of
target identification terminology and concepts are presented. Since there discusions are

of necessity quite brief, references for more complete descriptions are given at each
heading. .

The paper continues with a discussion of the IPAR technique for pulse compression
on polarization modulation. The properties of IPAR and IPAR-like waveforms are then
presented in the context of their applicability to target identification. Target-to-clutter
enhancement, target/clutter discrimination, and high resolution operation for target
characterization are discussed. This is followed by a description of other IPAR
characteristics that may prove useful for various operational scenarios and tasks.

A description of the actual hardware implementation in the currently operational
Georgia Tech system is given, and the paper closes with a summary of on-going and
planned, future work in this area at Georgia Tech. The recently completed IPAR data
collection program, plans for reduction and analysis of these data, and progress on the
configuration of an advanced development mode!l are described.

PULSE COMPRESSION(!»2)

Historically, pulse compression was first achieved utilizing linear frequency
modulated (LFM) waveforms. More recently, as a result of the ascendancy of digital
signal processing, biphase coding of the carrier RF as well as discretely stepped inter-
and intra-pulse frequency modulation have come to the fore.

A pulse compression radar codes a transmit pulse of duration T to attain a
bandwidth of 1/t , where T >> 1. By matched filter processing of the echo pulse,
the received signal is compressed to a width v, which achieves a range resolution

of %cr . A pulse compression system thus achieves the resolution of a pulsed radar that

utilizes a pulse of duration T while in actuality transmitting a pulse of duration T.

The primary applications of pulse compression in modern-day radars include: (1)
signal-to-noise ratio enhancement due to the compression gain (T/1), (2) clutter
reduction due to the resulting decrease in range cell size, (3) lowered probability of
intercept (LPI) operation, again due to the pulse compression gain, and (4) realization of
increased waveform Flexibility for the implementation of multi-mode radars (e.q.,
detect, track, identify).

POLARIZATION)

Radar signals are polarized in that the E-field modulation is constrained to a
particular plane in 3-dimensional space or the plane of modulation can be varied in a
particular manner. For example, two orthogonal linear polarizations are vertically (V)
polarized and horizontally (H) polarized electromagnetic waves, where the plane of
polarization is defined as that perpendicular to which no E-field modulation can be
detected.  Electromagnetic waves with elliptical polarizations are generated by



simultaneously transmlttmg sinusoidal H and V polarlzed waves which differ in amplitude
and/or phase. If the H and V sinuscids are equal in amplitude and are out of phase by
90°, then the polarization is said to be circular. If the H component is made to lag the V
component by 900, the resultant wave's plane of polarization varies according to the
right hand rule in the direction of propagation, and the wave is said to be right circularly
(RC) polarized. When the H component leads the V component by 90°, the wave is left
circularly (LC) polarized. RC and LC are orthogonal polarizations.

The polarization of a reflected wave is affected by the nature of the reflecting
surface. In particular, the circular polarization of a wave reflected from a conducting
odd-bounce scatterer is opposite in sense from the circular polarization of the incident
wave (e.g., RC incident yields LC reflected and vice versa). As can be deduced from the
odd-bounce case, even-bounce reflectors leave circular polarizations unchanged (e.q., RC
incident results in RC reflected). The phenomenon underlying these effects is that on a
single bounce the relative phase between the H and V components of the wave remains
unchanged (since both are. flipped by 180 ) while the direction of the propagation is
reversed. The net result is a change in handedness of the electromagnetic wave, just as

one would observe a change in handedness of the rotation of a transparent clock when it
is viewed from front and back.

TARCET IDENTIFICATION™

With the recent advances in millimeter wave radar and other sensor technologies
and the tremendous improvements in digital signal processing capabilities, automatic
target identification has become a feasible method for force-effectiveness
multiplication, and has thus received a great deal of attention.

The task of automatic target identification may be conceptuslized as a three step
process: detection, discrimination, and classification. Detection refers to distinguishing
target returns from noise. This stage of target identification may be achieved through
the use of classical techniques and careful system design. It does not require new
technology to be successfully addressed.

Target discrimination refers to the task of distinguishing potential target returns
from clutter returns. It is generally assumed that this function will be performed in a
search mode. To perform this task successfully it is necessary to examine each range-
azimuth bin in the field of view and to make a decision as to whether each does or does
not contain a potential target of interest. Since in most applications, especially air-to-
ground or ground-to-ground, one cannot assume a high target-to-clutter ratio, these
decisions must be based on some characteristics that distinguish targets from clutter as
opposed to mere amplitude differences in the respective returns. This situation presents
three primary problems: (1) to find characteristics that distinquish certain man-made
objects from as many naturally ocurring objects as possible, (2) to discover the
waveforms that are most responsive to these characteristics, and (3) to overcome the
processing limitations imposed by implementing a possibly-sophisticated algorithm for
each of a very large number of range-azimuth bins.

Although no completely satisfactory method has yet been devised for the
discrimination of stationary ground targets from clutter on the basis of radar
backscatter, there seems to be a consensus within the community as to the approaches
necessary for the solution of each of these problems. For properly chosen range-azimuth
bin sizes, it appears that many types of clutter (e.q., trees, grass, sea,...) consist of a



larger number of major scattering centers than do many manmade objects of interest
(e.q., tanks, trucks, naval vessels,...). Furthermore, it is believed in some circles, that
potential targets of interest, as a rule, may exhibit certain physical characteristics that
can be distinguished from clutter on the basis of the polarization of the backscattered
return. Thus reflector complexity and polarization sensitivity have been pursued as
characteristics upon which target discrimination may be based.

Polarization and frequency agile waveforms hold great promise for displaying
these backscatter characteristics. Frequency agility may be utilized to decorrelate the
more complex returns on a pulse-to-pulse or intrapulse basis or to imprint a signature on
the reflected waveform that is representative of physical characteristics of the
reflector. Polarization diversity may be used to take advantage of the differences in the
polarization matrices of targets and clutter. Furthermore, frequency and polarization

diversity may be combined to enhance the ability to extract the information that may he
garnered from each separately.

Based on considerations of processing constraints, the target and clutter
characteristics thought most promising for discrimination, and the nature of the signal
processing algorithms required to extract these characteristics, the range resolution of a
system performing a discrimination task ought to be on the order of the range extent of
the targets of interest. However, it is generally accepted that accurate target
classification may require very fine range resolution. An obvious approach to designing a
system that can address both discrimination and classification is to design a multimode
system that utilizes different waveforms for each task transmitting a relatively long
pulse for discrimination, then switching to a short, high resolution pulse for
classification. An alternative is to utilize a relatively long transmit pulse modulated by
a high bandwidth pulse compression code. Discrimination and classification processing
may then be dane in parallel on a single pulse basis where the discrimination algorithm is
applied to the uncompressed echo and acts as a detector that activates the classifier.
Thus pulse compression processing and the implementation of target classification
algorithms may be restricted to only those range-azimuth bins that have been designated
as potential threats by the discriminator. Note that this approach may be applied to
azimuthal resolution in synthetic aperture radar (SAR) systems as well.

PULSE COMPRESSION ON POLARIZATION MODULATION

The IPAR system is capable of switching between right and left circular
polarization on an intrapulse basis at rates of up to 100 MHz. Utilizing separate H and V
ports on receive, IPAR downconverts the two channels separately and accurately
measures the relative phase between them. Let ¢’HV represent the phase difference

between the H and V channels (that is, ¢ =

r v o, - ¢V) ,and ricall that a signal is RC
if ¢HV = +90 and LC polarized if ¢HV = -90°. For convenience,
let S¢ =" sin¢. Then S¢HV = 1for RC signals and S¢HV = -1for LC signals, thus

polarized

giving a natural correspondence between binary codes and intrapulse polarization
modulation. IPAR utilizes this correspondence to construct well-behaved polarization
codes fram the class of well-known, well-behaved binary codes.

Figure 1(a) depicts a natural choice for an IPAR transmit waveform. According to
the correspondence described above, the chosen code represents a 13 bit Barker code and
yields a pulse compression ratio of 13 to 1. Figures 1(b) and 1{c) represent the expected
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returns from an idealized conducting flat plate (or any other odd-bounce scatterer) and
an idealized dihedral (or any other even-bounce scatterer), respectively.

The IPAR processor computes, on a subpulse basis, of the received echo

S¢HV
waveform and passes the results of that computation through a filter matched to the
coding on the transmit waveform. Figure 2(a) represents the output from the matched
filter compressor given the return, as depicted in Figure l(b), from an odd-bounce
reflector. Note that the time resolution is T /2 rather than T/2 (a 13-to-1 improvement)
and that the peak signal voltage is T/t or 13 times the nominal uncompressed level.
Figure 2(b) represents the output in response to an even-bounce reflector. Note that its
power and resolution characteristics are precisely the same as those of 2(a) although
there is a change of sign in voltage.

If the reflecting surface is more complex than a simple scatterer, then the receive
waveform and, thus, the output from the matched filter will also be more complex,

especially so if time averaging or a spread spectrum carrier is used to dec <%Srelate the
target in polarization. These effects are described in more detail elsewhere.

TARGET IDENTIFICATION CHARACTERISTICS OF IPAR

IPAR waveforms embody many characteristics that are particularly germane to
solving the problem of automatically identifying stationary ground targets with a radar
sensor. Among these system characteristics are polarization diversity, frequency
diversity, pulse compression processing, and extreme flexibility. These characteristics
allow for system implementation in such a way that target-to-clutter discrimination,
target/clutter enhancement, target characterization, and multimode, single-pass
operation may be incorporated in a target identification radar configured around its
central concept of intrapulse polarimetric pulse compression coding.

The polarization modulation inherent in IPAR processing holds much promise for
the discrimination between stationary tactical targets and the clutter backgrounds they
are often found in. It has been observed that while the polarimetric phase of the radar
backscatter from simple targets (dihedrals and trihedrals) are bipolar, steady, and
predictable, the phase of various clutter backscatter (grass, tree, and sea clutter) is
spread, albeit in a predictable and recognizable way. The spread has been noted both on
a pulse to pulse basis when the narrowband and frequency agile carrier are employed with
IPAR as well as within a single pulse when the carrier is modulated by the noise source.
Automatic target/clutter discrimination based on these observed phenomena will be
attempted on recorded data during the next phase of Georgia Tech's IPAR program.

Due to the same phenomena described above, the returns from simple targets
correlate to a higher level and more steadily than do the returns from clutter. This
characteristic may prove useful for target-to-clutter enhancement in a target
classification mode by relative suppression of the within-cell clutter accompanying a
target.

Since IPAR processing is carrier independent, the carrier waveform may be
optimized for particular tasks. It is likely that different target classes and clutter
environments will require different levels of spectrum spreading to optimally display and
utilize the physical differences upon which characterizations may be based. Since IPAR
may be implemented with any of a narrowband, frequency swept, or noise modulated
carrier, it is compatible with the optimization of these parameters.
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IPAR's high range resolution is achieved through pulse compression processing.
Thus it may be utilized for single-pass, parallel processing for both the discrimination
and classification tasks of a target identification radar. Furthermore, range profiles
generated by IPAR include polarimetric information about the dominant scatterers in
each range bin in the sense that predoeminantly even-bounce scatterers produce pasitive
and predominantly odd-bounce scatterers produce negative correlations. This additional
information may prove useful for target characterization and, thus, target classification.

Polarimetric pulse compression as implemented in IPAR is invariant to Doppler
shift because both receive channels are frequency shifted on identical amount by a
moving target, and the coding is contained in the relative phase between these
channels. Thus, the need for Doppler or motion compensation processing when viewing
stationary and moving targets from a maving platform is obviated. Furthermaore, IPAR
may be implemented coherently so that it would be compatible with a multimode
stationary and maving target identification system that would take advantage of Dappler
processing for the identification of moving targets. Additional properties of IPAR that
may prove benefical in a tactical military environment include resistance to rpéﬁltipath
interference and a potential for lowered probability of intercept (LPI) operation.'”

IPAR IMPLEMENTATION

IPAR was designed and built as a demonstration and data collection system. The
goals were first to verify that the IPAR technigue works and second to collect data to
guantify IPAR's strengths and weaknesses relative to classical radar techniques.

Figure 3 shows a block diagram of the IPAR system. Functionally, the system
may be viewed as two subsystems: the RF subsystem and the IPAR digital processor
subsystem. The basic system operation is described in the following paragraphs.

The IPAR system includes a two channel master oscillator power amplifier
(MOPA) radar transmitter. The two channels are conpected to the vertical and
horizontal ports of a dual-polarized antenna feed. The 90° phase shifts of one channel
with respect to the other that produce the RC and LC transmit polarizations are
generated at a low power level due to the speed limitations of high powered phase
shifters. Thus, the system utilizes twao high power amplifier channels as well.

The mixer (i.e., phase shifter) that controls the phasing of the H and V channels is
capable of modulation rates up to 2 GHz. It has the characteristic that a high level
signal (i.e., +1) at the IF port causes zero phase shift from the input to output, whereas a
low level signal (i.e., -1) causes a phase shift of 180°. With a permanent 90° phase shift

added to the 00, 180°_phase shift combinations, the result is -90° or 90° relative phase
between the H and V components of the transmitted wave.

Two RF sources in addition to a narrowband 9.35 GHz carrier have been
incorporated in the current system. An HP 624C signal generator may be used to impress
a 60 Hz sinusoidal frequency spread of 30 to 40 MHz on the transmit pulse to provide a
frequency agile mode of operation. In addition, a no'%sﬁ source with a spectral width of
140 MHz may also be used to madulate the RF carrier.

As in transmission, two receive channels are employed. The signals in the two
receive channels are translated down in frequency, without changing the relative phase
between the two signals, and they are applied to a phase detector. The polarity and
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amplitude of the resultant bipolar video signal is similar to the coding impressed on the
transmission (and stored in the correlator), provided that the return is of high fidelity and
not noise-like. The high speed carrelator samples the returning signal at a maximum rate
of 100 MHz. Once the video signal is quantized and input to the correlator, the

remainder of the operation proceeds in a manner similar to conventional, biphase-
modulated pulse compression techniques.

The IPAR digital processor was designed to provide a flexible, complete, and self-
contained radar signal correlation processor. It may be operated in-a stand-alone mode,
under front panel control, or connected to and controlled by a minicomputer or
microcomputer. The processor is capable of correlating received signals against the
stored reference code in real time at rates up to 100 MHz. The operator has freedom to
independently determine the transmitted code, subpulse width, PRF, and range gate
setting.

Figure 4 presents a simplified block diagram of the digital processor and its
interfaces to the external world. The slower TTL processor (6 MHz) may be considered
the hast or control portion of the unit. It interfaces with the front panel and the control
computer (when provided), and it determines the operational mode of the processor. The
high speed ECL processor interfaces with the radar by generating the transmit and
coding signals, receiving and quantizing the video from the radar, performing caorrelation
processing in real time, and storing data from the range gate position. A list of basic
capabilities is presented in Table 1.

TABLE 1. IPAR DIGITAL PROCESSOR CAPABILITIES

Subpulse Length: 10 - 160 ns
(100 - 6.25 MHZ)
PRF: 500 - 8,000 pps plus manual
Range Gate: 0-15 km,
0.75 m maximum accuracy
Codes: Any binary code up to 32 bits long
Correlation Processor: True correlation for 32 bit code length

Pseudo-correlation for 1 - 31 bhit code lengths
Digital Threshold: Adjustable

Self Test/Calibration: Built-in

CURRENT ACTIVITIES AND FUTURE DIRECTIONS

The current IPAR system has been field tested. During thes& fig*d tests many of
its theoretically-predicted properties were qualitatively verified. ”? Among these
properties were pulse compression on narrowband, frequency swept, and wideband naoise
RF carriers, and the suppression of tree clutter returns with respect to simple targets
when the frequency swept and noise source carriers were employed. The IPAR system
has subsequently been utilized to collect reflectivity data on simple targets, multipath
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over the sea, and sea clutter. These data will saon be reduced and analyzed on the
current program to provide proof-of-cancept and to quantify IPAR's perfarmance under
various scenarios.

In addition, an advanced IPAR system is being designed and built which includes
several significant advances over the current system:

1) embedded micrapracessor controllers

(2) 6 bit A/D canversion of the phase videa at 100 MHz;
3) 64 bit cade length and true correlation for all codes;
(4) signal integration capability;

(5) Pseudo real time processing of 256 range bins;

(6) campatibility with 500 MHz operation.

The embedded micraprocessar controller will allow pulse-to-pulse code agility and
an automatic digital tape recording facility. By employing 6 bit A/D converters, small
scatterers separated by more than one subpulse length from a larger scatterer will be
resolved from the larger reflector, which will enable true target polarization praofiling.
The code length will be expanded to 64 bits, and a true correlation will be formed for all
possible codes including those with embedded zeros. The extended cade length and
carrelation capability is obtained at the expense of real time operation. Instead, 256
range cells will be sampled and processed during each pulse repetition interval.

The IPAR system has evolved from a concept to a demanstrated working radar

system. When the full potential of the IPAR concept has been investigated, it may prove
to be a significant advance in radar technology.

REFERENCES

1. M. Skalnik, Introduction to Radar Systems, McGraw-Hill, Inc., New York, New
York, 1980.

2.  F. Nathanson, Radar Design and Principles, McGraw-Hill, New Yark, New York,
1969.

3. M. N. Cohen, E. S. Sjoberg, E. E. Martin, "Intrapulse Polarization Agile Report
Develapment Pragram,” SCEEE Contract No. SCEEE/81-2, Prime Contract Na.
NAVSEA N00024-78-C-5338, GIT Final Report, December, 1981.

4, J. D. Echard and’N. F. Ezquerra, "Classification of Military Targets by Radar (U),"
25th Annual  Tri-Service Radar Symposium, September 1979, paper
CONFIDENTIAL, praoceedings, SECRET.

5. M. N. Cohen and E. S. Sjoberg, "Intrapulse Polarization Agile Radar," RADAR '82,
l_London, England, Octaber, 1982.

6. M. N. Cohen, E. E. Martin, E. S. Sjoberq, "The Intrapulse Polarization Agile Radar,"
(to appear) MSAT '83, Washington, D. C., March 1983.



7. B. C. Appling, E. S. Sjoberg, .E. E. Martin, "Intrapulse Polarization Agile Radar,”
SCEEE Contract No. N00024-78-C-5338, SCEEE-NAVSEA/79-2, GIT Final Report,

July, 1981.



SUMMARY
"IPAR AS A TARGET IDENTIFICATION RADAR"
M. N. Cohen and E. S. Sjoberg

Georgia Institute of Technology
Engineering Experiment Station
Atlanta, Georgia 30332

The Intrapulse Polarization Agile Radar (IPAR) system developed by the Georgia
Institute of Technology Engineering Experiment Station in conjunction with the United
States Navy Sea Systems Command (NAVSEA) employs a new and unique form of pulse
compression. Rather than encoding the RF carrier with either phase or frequency
modulation, IPAR utilizes polarization modulation to imprint the pulse compression
coding on the carrier. By compressing on the relative phase between the received
horizontal and vertical polarization components of the radar return, IPAR achieves pulse
compression that is Doppler invariant. In addition, this compression technique inherently
provides target-to-clutter ratio improvement that is enhanced by its compatibility with
either a narrowband, frequency agile, or a wideband noise carrier.

The IPAR system has heen implemented in an X-band radar designed and
constructed at Georgia Tech. Traveling wave tubes amplify the independent horizontal
and vertical components of the RF energy which is then transmitted as right or left
circular polarization. The heart of the IPAR system is a high speed digital processor
implemented in TTL and ECL technology. Binary polarization codes up to 32 bits in
length with bit rates up to 100 MHz may be generated and processed in real time to
generate signatures with a five foot range resolution. An advanced design exists that
will be compatible with one foot range resolution.

After detection, the next step in any noncooperative target identification process
is discrimination: the separation of potential target returns from clutter returns. Since
the processing gain of the IPAR technique is inversely related to the polarization
complexity of the set of scatterers in a range bin, discrimination is enhanced for many
types of targets and clutter.

The final stage in target identification is recognition: the assignment of a
potential target to one of a number of prespecified target classes based on the
observable features of the target. The IPAR system provides range profiles that are
signed according to the odd/even-bounce characteristics of the reflector. The signs of
the returns in a profile may prove to be valuable features for the recognition process.

Operationally, IPAR need not be coherent and its pulse compression processing is
Doppler invariant. These characteristis allow for a relatively inexpensive system that
could be used for the identification of both fixed and moving targets. Furthermore, the
capability of independent polarization and frequency diversity give IPAR unique potential
in the area of lowered prabability of incercept (LPI) operation.



ENGINEERING EXPERIMENT STATION
Georgia Institute of Technology

A Unit of the University System of Georgia
Atlanta, Georgia 30332

February 2, 1983

Naval Sea Systems Command
Code 62R13
Washington, D. C. 20362

Attention: Mr. Charles Jedrey

Subject: Monthly Contract Technical Status Report No.\i "Phase 2 - IPAR
Investigations," Contract No. N00024-82-K-5360, Georgia Tech Project
A-3366, covering the period from January 1, 1983 through January 31, 1983

Dear Sir:

This status report summarizes program activities performed under the subject
contract for the period January 1, 1983 through January 31, 1983,

TECHNICAL ACTIVITIES

After the Panama City field operation, Georgia Tech reestablished the local test
site at Dobbins Air Force Base and began the completion of the data collection
program. At this site the (1) resolution, (2) complex scatterer, (3) tree/grass clutter, and
(4) simple targets-in-clutter experiments will be conducted. With these measurements
the collection portion of the program will be complete.

At this point, the resolution experiments have been completed and the complex
scatterer experiments are near completion. The program is somewhat behind schedule
but will be completed within budget and schedule (assuming the no-cost extension
discussed).

The first look at a simple, extended target (two trihedrals spaced by three
resolution cells in range) during the resolution experiments did not precisely fit with
what was expected. These results could be explained away phenomenologically, but
further analysis suggests a new interpretation. In IPAR (as in any other form of pulse
compressmn) compressing on phase-only information leads to non-linearities in range
when viewing extended targets. The status of the current IPAR program as well as all
ancillary efforts, in light of these new findings, may be summarized as follows:

Pulse compression on polarization modulation using phase-only information results
in a non-linear "mixing" of range information for extended targets. This effect is
lndependent of the complexity of the reflectors in the individual range resolution cells
that comprise the extended target. If phase-only information were used for any other
pulse compression process (phase or frequency coding), the net effect would be the same;
i.e., the process would be non-linear in range for extended targets.

AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION



Mr. Charles Jedrey -2- February 2, 1983

Adding (or, actually, retaining) amplitude information dispenses with these non-
linearities in IPAR (again, just as in any other form of pulse compression). Although the
current IPAR configuration, which is being utilized for this program's data collection
operation, processes only phase to generate the real-time video correlation function and
the recorded digital data, both amplitude and phase data are recorded on FM tape. These
FM data will be available for analysis during the proposed add-on program.

The efforts toward reduction and analysis of the digital data have begun with Mr.
Michael Shannon taking charge of establishing the data base and analysis software on
Tech's SELL computer. The data are being stored on disk, and an interactive analysis
system is being developed. The result will be an efficient, flexible procedure for
reducing and analyzing the data. Mr. Michael Baden and Mr. Brett Freeman have direct
responsibility for software development and data handling, respectively.

FUTURE WORK

The data collection will be completed during the third week of February.
Concommitantly, data analysis will continue through the end of February. If necessary,
the first week in March will be utilized for continuing the analyses.

Dr. Marvin N. Cohen will present "IPAR As A Target Identification Radar” at
CISC'83 on February Sth, and he and Mr. Ben Perry will begin preparation of the
program's final report during the final week of February.

Respectfully submitted,

Marvin N. Cohen, Ph.D.
Project Director

APPROVED:

Rabert N. Trebits, Ph.D.
Chief, Analysis Division




ENGINEERING EXPERIMENT STATION
Georgia Institute of Technology

A Unit of the University System of Georgia
Atlanta, Georgia 30332

March 1, 1983

Naval Sea Systems Comm and
Code 62R13
Washington, D. C. 20362

Attention: Mr. Charles Jedrey
s
Subject: Monthly Contract Technical Status Report No.\&\,\ "Phase 2 - IPAR
Investigations,” Contract No. N00024-82-K-5360, Georgia Tech Project
A-3366, covering the period from February 1, 1983 through February 28,
1983

Dear Sir:

This status report summarizes program activities performed under the subject
contract for the period February 1, 1983 through February 28, 1983,

TECHNICAL ACTIVITIES

The collection program was fully completed as of February 24th, with the
recording of signatures from a pickup truck as a target of opportunity. We had hoped to
record data on a U.S. Army armored personnel carrier, but the only one available could
not be made to run.

The data assimilation and analysis software development tasks are 90% complete,
each well into the testing and integration stages. Analysis of the recorded digital data
will begin the second week in March and continue through April lst.

The presentation of "IPAR as a Target Identification Radar" at CISC '83 seemed
very well received. Many attendees showed significant interest, and many proferred
encouragement for continuation of the work.

FUTURE WORK

Data analysis will begin the second week of March and continue through the end of
the month. Final report preparation will begin the last week in March.

The paper "The Intrapulse Polarization Agile Radar” will be presented by Dr.
Marvin N, Cohen at MSAT '83 in Washington, D. C. on Thursday, March 10th. The thrust
of the talk will be IPAR's potential in the area of lowered probability of intercept (LPI)
operation. ‘

Respectfully submitted,

- Marvin N. Cohen, Ph.D.

Project Director
APPROVED:

~

Robert N. Trebits, Ph.D.
Chief, Analysis Division

AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION



ENGINEERING EXPERIMENT STATION
Georgia Institute of Technology

A Unit of the University System of Georgia
Atlanta, Georgia 30332

April 5, 1983

Naval Sea Systems Command
Code 62R13
Washington, D. C. 20362

Attention: Mr. Charles Jedrey
G
Subject: Monthly Contract Technical Status Report No. 'S, "Phase 2 - IPAR
Investigations,” Contract No. N00024-82-K-5360, Georgia Tech Project
A-3366, covering the period from March 1, 1983 through March 31, 1983

Dear Sir:

This status report summarizes program activities performed under the subject
contract for the period March 1, 1983 through March 31, 1983.

The technical efforts on this program were completed and concluded. Four
hundred and eighty (480) runs of digital data were loaded to disk and processed through
an analysis program. Amplitude documentation for each of these runs was generated
from the accompanying FM data. The result is a full set of documented results for
(1) the simple and complex scatterer analyses, (2) multipath-over-bay analyses, and
(3) targets in non-extended clutter analyses. Reduction of these analyses results and
interpretation of the same will be undertaken as the first tasks on the proposed follow-on
program.

Dr. Cohen presented "The Intrapulse Polarization Agile Radar" at the Microwave
Systems and Technology (MSAT '83) conference in Washington, D.C. The paper
concentrated on the potential for LLPI operation of the fielded IPAR system. The talk
was well received and generated requests for reprints and/or past final reports from the
following individuals:

King Lear, ESL, Inc. (TRW)

William Bridge, MITRE Corporation

R. J. Keeler - National Center for Atmospheric Research
Harry Urkowitz, RCA Corporation

Bill Feiden, Hughes Aircraft Company

With the approval of our Technical Monitor, Mr. Charles Jedrey, we will forward reprints
of the MSAT talk and/or the last final technical report to each of these individuals.

AN EQUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION



Mr. Charles Jedrey -2- April 5, 1983

Mr. Charles Jedrey and Mr. Irv Olin were presented an extensive project review on
March 31st at Georgia Tech by the major contributors (Dr. Marvin N. Cohen,
Mr. Ben Perry, Mr. Michael Shannon) to the technical efforts on this program.

Respectfully submitted,

Marvin N. Cohen, Ph.D.
Project Director
APPROVED:

Robert’N. Trebits, Ph.D.
Chief, Analysis Division
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SECTION 1
INTRGDUCTION

1.1 PROGRAM QOVERVIEW
The Intrapulse Polarization Agile Radar (IPAR) has been successfully utilized to

collect data, some of which have been reduced and partially analyzed. These data will
quantify IPAR's compression performance on simple scatterers, artificially-created
complex targets, targets in clutter, and targets in multipath interference. Additional
data were collected that will allow analysis of IPAR's compression performance on
extended targets, targets in a sea multipath interference environment, sea clutter, tree
“clutter, and targets in sea and tree clutter. The data also provide amplitude and relative
phase documentation for all of these experiments so that the reflected IPAR waveform
may be studied in each of these scenarios. These data have been collected, reduced, and
analyzed under contract with the Naval Sea Systems Command (NAVSEA) Contract
N00024-82-K-5360 for which this document is the final report.

Section 1.2 of this report provides a historical overview of the research that led to
this phase of the IPAR program. Section 1.3 provides a summary of the objectives that
had been set forth for this phase of the research in the Statement of Work, and Section
1.4 provides a concise summary of the activities which were conducted under this

contract to meet those objectives.

1.2 PROGRAM HISTORY
Under contract to the Air force in 1973, the Georgia Institute of

Technology/Engineering Experiment Station (GIT/EES) was tasked to investigate
stationary target discrimination techniques. During this project, the relative usefulness
of employing frequency agility and polarization agility, independently and together, to
stimulate clutter decorrelation was tested.(l’z’j) Two processors were constructed to
discriminate between clutter and hard targets: Dynamic Threshold Gating (DTG) and
Correlation Coefficient Discrimination (CCD) processors. Some success was achieved,
but it was difficult to state the degree of improvement in quantitative terms. Of greater
significance were two observations made by project personnel during the final phase of
- that program. The prdcessors were designed to work primarily with amplitude
discriminants, but discriminants (i.e., differences between clutter and targets) were also

observed in the relative phase between the two orthogonal receive polarizations.



Subsequent to this program, several additional field experiments and
demonstrations were conducted. One of the more notable demonstrations, in terms of
technique exposure, was conducted at the Army Missile Command (MICOM) in Huntsville,
Alabama. Conventional amplitude, phase, and threshold gated integrated digital video
were simultaneously displayed on an A-scope. Targets included corner reflectors and
tanks. A tank was moved around during the demonstration so that the observers could be
certain of what they were viewing. Polarization, frequency agility, threshold setting,
and integration time were all varied during the demonstration. Even when the relative
clutter-to-target amplitude was approximately 20 dB, the target could still be detected
and displayed without clutter false alarms.

In 1978, an analysis of Pseudo-Coherent Detection (PCD) techniques was
conducted. This analysis is documented by report DELCS-TR-76-0961-F, entitled
"Stationary Target Detection and Classification Studies," dated April, 1979.(4) The
analysis did not predict the performance which had already been observed during the
demonstrations mentioned above.

The first phase of the IPAR program itself was initiated by the Georgia Institute of
Technology in March 1979 under the auspices of the Southeastern Center for Electrical
Engineering Education (SCEE), subcontract SCEE-NAVSEA/79-2, Contract Number
N00024-78-C-5338, with Mr. Charles Jedrey of NAVSEA acting as Technical Monitor.
During this program, a demonstration state-of-the-art IPAR radar/processor was
designed, built, and demonstrated. In addition, a detailed analysis of PCD was conducted
to (1) better understand this technique which lies at the heart of the IPAR process, and
(2) to attempt to clarify the apparent lack of consistency (as noted above) between the
predicted and observed effects of PCD. The results of the program were documented in
the project final report dated July 1981.(5) In summary, the IPAR system was designed,
assembled, and successfully demonstrated. Essentially perfect intrapulse polarization
coding and compression of the radar waveform was achieved at real-time rates of up to
S0 MHz, and somewhat degraded compression was achieved at rates up to 100 MHz.
Thus, the concept of compression on polarization modulation was successfully reduced to
hardware implementation. The analyses of PCD were completed, and they successfully
closed the gap between theory and experience, thus establishing a theoretical basis for
future applications of IPAR.

The IPAR program continued during 1981 under the auspices of SCEEE, subcontract
number SCEEE/81-2, Contract Number NO00024-78-C-5338, again with Mr. Charles



Jedrey of NAVSEA acting as Technical Monitor. During this phase of the program, the
IPAR radar/processor was outfitted as a data collection system incorporating a high
speed digital tape recorder, an FM tape recorder, two strip chart recorders, and various
oscilloscopes for system monitoring. The entire systern was incorporated in the Georgia
Tech GT-1 van, tested, tuned, and demonstrated as a viable data collection system. A
detailed list of objectives and a data collection plan to meet these objectives were
generated as well, and these formed the basis for the current program.(6)

In early 1982 Georgia Tech contracted with the Office of Naval Research (ONR),
Contract No. NO0014-82-K-0441 with Mr. Max Yoder acting as Technical Monitor, to
build an advanced IPAR system (A-IPAR) as a test bed for state-of-the-art VHSIC
technology. The system is currently being developed at Georgia Tech and will be
completed by July, 1985. The A-IPAR system will feature computer-controlled
operation, improved pulse compression ratios, extended range swath capability, and real-
time 100 MHz operation with a design capable of supporting 500 MHz components, which

are to be added as they becorne available.

1.3 PROGRAM OBJECTIVES
The purpose of this program was to collect and begin analyzing IPAR data that

would (1) firmly establish proof of concept for achieving polarization-coded compression;
(2) allow quantification of the target-to-clutter advantages of an IPAR process over an
unmodulated, simple pulse radar; (3) allow quantification of IPAR performance in the
presence of multipath interference; and (4) document IPAR's response to targets of

various complexities and configurations.

1.4 PROGRAM SUMMARY
The IPAR data collection system was deployed in the Georgia Tech GT-1 van at

Daobbins Air Force Base at program inception. The systemn was set up and tested at this

site. Data were taken on a 36m2

trihedral to provide data for proof of concept. Portions
of the digital data generated during this experiment were reduced in the laboratory, thus
providing reassurance that the system was performing according to specification and
recording the resulting data accurately.

The first data collection site was the Naval Coastal Systems Command (NCSC) at
Panama City Beach, Florida. Extensive multipath-interference-over-bay experiments

were conducted at this bayside site by erecting a prefabricated multipath pole in the bay



shallows. Data were collected over many elevation lobes of the resulting multipath
interference pattern. These data included exhaustive probing of the multipath
interference fields that resulted from illumination with the 9.5 GHz narrowband (NB)
carrier, the frequency modulated (FA) source, and the wideband noise (NO) source. In
addition, a reflector was placed outside the multipath interference region and extensive
data were collected on IPAR's performance under various signal-to-noise conditions.
These latter data will provide a basis for computing the actual processing gain achieved
by IPAR's 32-to-1 pulse compression coding.

The second test site was NCSC's Tower Il on the beach overlooking the Gulf of
Mexico. From this vantage point the system was utilized to generate and collect data on
sea clutter, targets of opportunity, and multipath interference-over-sea. Again, a full
set of data were collected utilizing each of the system's three carriers.

Upon completion of the Panama City Beach experiments, the Dobbins Air Force
test site was reestablished. The range resolution of the IPAR system was documented
through a series of experiments involving one and two range bin separation of various
scatterers. The "capture" problem, due to the coarse quantization of received relative
phase angle and hard limiting of received amplitude in the current system, was
demonstrated by collecting data on two trihedrals (one 1 m?Z large and the other 10 m?2
large) which were separated by two range bins.

Various combinations of dihedrals and trihedrals were then deployed within a single
range bin to form complex, but understandable, target combinations. Reflectors were
moved a fraction of a wavelength at a time to demonstrate the effects of various in-cell
phase relationships, and complex configurations involving as many as four trihedrals and
three dihedrals were deployed in order to simulate various degrees of target
complexity. Configurations where the total radar cross section (RCS) of the dihedrals
was as much as 10 dB and as little as 0 dB greater than the total RCS of the trihedrals
were probed. Analysis of these results will provide a method for quantification of IPAR's
performance as a function of target complexity.

The final set of experiments was conducted at the Georgia Tech Research Facility
at Cobb County. Full sets of data were collected on a tree line of evergreen trees, a
target (trihedral) embedded in the tree line, and the same target set directly in front of
the tree line. These experiments were repeated with a line of evergreen bushes that
represented non-extended clutter in the sense that the line was less than one range bin
deep. The data collection program was completed with the recording of IPAR

backscatter from a pickup truck.



In all, the data collection encompassed recording.of approximately 20 seconds of
IPAR data from each of over 1,300 separate measurement runs. These data were
recorded and stored on 22 digital and 17 FM magnetic tapes.

Initial reduction of the digital data collected was accomplished by loading the data
onto a disk file system on Georgia Tech's Systems Engineering L.ab (SEL) computer. The
file contains approximately 2,000 digitized IPAR returns for each of 480 runs. These
data were extracted from 14 of the digital tapes generated in the field. They were
chosen to permit analysis of IPAR's response to (1) simple targets, (2) nonextended
clutter, (3) simple targets in nonextended clutter, (4) multipath interference (over bay
waters), and (5) artificially constructed complex targets.

An analysis program was developed and implemented on the disk-stored data. The
program computes various statistical and signal processing measures from each of the
subject data runs. These measures are available for human analysis and conclusion-
forming.

Other activities engaged in during this program included development of a basic
computer simulation of the IPAR process and consideration of potential applications of
the IPAR system. The simulation aided in the design of the "complex target"
experiments that led to theoretical results which proved to be of importance in
understanding our experimental results. The investigations into potential applications
aided the researchers in choosing and designing the experiments for the data collection

program.
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SECTION 2
SITE DESCRIPTIONS

During the IPAR data collection effort, four different field sites were utilized.
Because the IPAR system was completely self-sufficient, no external power was required

and the sites could be chosen for specific physical conditions.

2.1 ST. ANDREWS BAY SITE
The first site was located along the shore of St. Andrews Bay in Panama City,
Florida at the Naval Coastal Systems Center (NCSC). This site was chosen for multipath

inter ference measurements over salt water because of the calm sea conditions present in
the bay. The standard geometry for the bay measurements is demonstrated in Figure 1.
The aﬁtenna was mounted on top of the van approximately 4.6 meters above mean waver
level. The target, either a trihedral or a dihedral corner reflector, was mounted on a 4
meter pole at a distance of 256 meters from the radar. The target was raised and
lowered to probe the elevation multipath field. The sea state conditions in the bay

varied from a completely smooth sea to a rough sea with approximately 2 foot waves.

2.2 PANAMA CITY BEACH SITE
For more realistic sea state conditions a second site on the Guif of Mexico was
utilized, at NCSC Shore Tower #2 located in Panama City Beach, Florida. Tower #2 is a

reinforced concrete shelter protected by a chain link fence with telephone
communications to NCSC. The geometry of the Gulf measurements is presented in
Figure 2. The pole used in the previous measurements was mounted on a 4 m fiberglass
outboard motorboat. The antenna was positioned 6.4 meters above the mean sea level.
By running the boat in toward the radar from 4 km to 0.5 km the multipath field was
probed in the horizontal dimension. The approximate wave height for the Gulf
measurements varied from .3 m to .9 m. Figure 3 is a map of the Panama City area

showing the locations of the two Florida field sites.

2.3 DOBBINS AIR FORCE BASE SITE

Measurements of simple targets over clutter-free terrain were performed at

Dobbins Air Force base in Marietta, Georgia. This location afforded an unimpeded range
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Figure 1.  St, Andrews Bay field site geometry.
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Figure 2.

Panama City Beach field site geometry.
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of 300 meters which was necessary for the long pulse length measurements. The
geometry for these measurements is depicted in Figure 4. The targets were placed on

the ground approximately 255 meters from the antenna which was elevated 6.7 meters
above them.

2.4 GEORGIA TECH RESEARCH FACILITY/COBB COUNTY SITE

Finally, target-in-clutter data were collected at Georgia Tech Research Facility in

Cobb County because of the convenience and the availability of extended and non-
extended tree clutter. The geometry appears in Figure 5. The antenna was located
3.6 m abave the ground at a range of 138 m from the target. The target was fixed to the
multipath pole at a height of 3 meters. A summary of the IPAR field sites and the type
of data collected at each site is presented in Table 1.

11
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Figure 5. Georgia Tech Research Facility field site geometry.




TABLE 1. FIELD SITE AND DATA DESCRIPTIONS

Naval Coastal Systems Center - Bay Site
- Vertical Multipath Probe

Panama City Beach - Gulf Site

- Horizontal Multipath Probe
- Sea Clutter

- Target in Sea Clutter

Dobbins Air Force Base
- Combinations of Simple Targets

- Trihedrals and Dihedrals

Georgia Tech Research Facility - Cobb County
- Simple Targets in Tree Clutter

14



SECTION 3
EQUIPMENT DESCRIPTION

The IPAR data collection system was a totally self-sufficient system housed in the
mobile GT-1 radar van, Ford Model C-500. An Onan 15 kW generator was used to power
the equipment located in the van. The steerable paraboloid antenna was mounted on
top. The following equipment description is organized in terms of the radar system, the

recording and monitoring equipment, and the ancillary support equipment.

3.1 RADAR SYSTEM DESCRIPTION

The IPAR radar system produces coded circularly polarized pulses by combining

two linear polarizations in a dual mode coupler at the antenna feed. On receive, the two
linear components are mixed in a phase detector, and the resultant phase angle is
correlated with the original coded signal to determined the correlation properties of the
target. This system implementation requires simultaneous transmission and reception of
both horizontal and vertical polarization. Consequently, both the transmitter and the
receiver have two complete channels. The radar system is described in more detail in

the following sections. A list of the system parameters is presented in Table 2.

3.1.1 TRANSMITTER

The transmitter section of the IPAR radar consisted of a common oscillator source,
power divider, two bi-phase modulators, a manual phase shifter, and two identical TWT
amplifier chains.

A block diagram of the transmitter is shown in Figure 6. As an experimental
variable, three different RF carriers were employed: narrow band, swept frequency, and
wideband noise. For the first two modes the basic signal for the system was generated
by a Hewlett Packard (HP) Moadel 624 X-band test set. The wideband noise was produced
by a separate source. Table 3 lists the parameters for the three RF carriers including
average power and bandwidth. The peak power of 1 kW listed in Table 2 was achieved by
amplification of the 1 mW from the HP test set through the chain of TWT's. The peak
power of the noise source was approximately 160 Watts.

The signal out of the HP test set was split in a 3 dB hybrid coupler and injected into

the bi-phase modulators where the polarization code was created. The polarization
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TABLE 2. RADAR SYSTEM PARAMETERS

PARAMETERS

Frequency

Peak Power

Pulse Width

Antenna Type

3 dB Beamwidths

Antenna Gain

Maximum Sidelobe l_evel

Polarization

IF Center Frequency

IF Bandwidth

IF Response

Noise Figure

Dynamic Range

17

VALUE

9.375 GHz

1 kW

10 ns - 5.2 us

Steerable Parabolid

1.8°

38 dB

-21 dB

H & V Simultaneous Transmit and Receive

300 MHz

100 MHz

L.ogarithmic

10.3 dB

70 dB



TABLE 3. RADAR TRANSMITTER SOURCES

SOURCE POWER CENTER FREQUENCY BANDWIDTH
Narrow Band 1 mw 9.45 GHz -
Spread Spectrum 1 mw 9.45 GHz < 40 MHz

Wideband Noise Jd6 mW 9.39 GHz 140 MHz
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modulation was achieved by shifting the phase of one split signal from a 90 degree
leading phase angle to a 90 degree lagging phase angle and recombining these two split
signals in a dual mode coupler located at the antenna feed horn. The required 180 degree
phase shift was accomplished by supplying positive or negative currents, according to a
predetermined code, to one of the bi-phase modulators. A constant current level was
supplied to the other bi-phase modulator to generate a pulsed RF signal equal in length to
the duration of the code. A phase shifter was included in the non-modulated channel to
aid in the initial set-up of the radar and to provide the required 90 degree phase
difference between the two components of the radiated signal at the dual mode coupler.
Since the two components radiated from the dual mode coupler were spatially separated
by 90 degrees, the resultant transmitted signal was right hand or left hand circularly
polarized according to the code applied to the bi-phase modulator.

Each of the two amplifier chains was composed of a low power Traveling Wave
Tube Amplifier (TWTA), which boosted the signal to a level of approximately 1W, and a
high power pulsed TWTA which further increased the peak signal power to a level of 1
kW. The low power TWTAs are Model 495A amplifiers manufactured by Hewlett
Packard, Inc., and were purchased as standard stock items. The high power TWTAs were
built for Georgia Tech by the Electron Tube Division of Litton Industries. Their
amplifiers consist of type L-5655-59 Traveling Wave Tubes modulated by a Model M-624
modulator assembly. Specifications for these amplifiers are given in Table 4.

A 1.2 meter diameter parabolic dish antenna was used in the IPAR radar. This
antenna has a dual mode coupler with a square feed horn located at its focus. The
antenna can be rotated about its polarization axis so that any linear polarization can be
generated by feeding one port of the dual mode coupler. The antenna is normally
oriented so that the polarization of the transmitted signal is either horizontal or vertical,
depending on which port of the dual mode coupler is selected as the signal path. The
beamwidth and gain of the antenna are 1.8 degrees and 38 dB, respectively.

If both ports of the dual mode coupler are fed simultaneously, the signal radiated
by the antenna can be generally described as elliptically polarized, with either linear or
circular polarizations being the limiting case. A rectanqgular waveguide port and video
detector were provided at the center of the four foot dish to allow monitoring of the
amplitude and phase of the transmitted waveform. This detector was also used to
continuously monitor the transmit signal power for accurate calibration of the received

signals.
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TABLE 4. TRAVELING WAVE TUBE AMPLIFIER CHARACTERISTICS

Peak Power Output:

Frequency:

Gain:

Noise Figure:

Duty Cycle:

Pulse Width:

Input Gate Amplitude:

Input Gate Width:

Input Voltage:

Input Current:

20

1,000 W

8-12.5 GHz

35 dB minimum

40 dB

2%

0.2 to 15 us

+6 to +15 volts

0.2 to 15 us

120 VAC +15%

8 amperes at 120 VAC



3.1.2 RECEIVER

The horizontal and vertical components of the reflected signal are received by the
antenna. Two identical receivers were provided to amplify and detect these signals.
Each receiver was equipped with a precision waveguide antennuator for calibration
purposes, and one receiver channel included an adjustable phase shifter to compensate
for slight differences in path length between the two receiver channels. The mixer-
preamplifiers operated at an intermediate frequency (IF) of 300 MHz and had a 3 dB
bandwidth of 100 MHz. The two model DM8-12/300 mixers were fed with a common
local oscillator tuned to produce the 300 MHz IF frequency. The detected 300 MHz IF
signals were amplified by two (model 1CLT-300-B) logarithmic amplifiers. These
amplifiers had both a detected video output and a limited IF output. The receiver block
diagram is shown in Figure 7.

The amplitude outputs from the logarithmic amplifiers were recorded on FM tape
in order to document the radar cross section of the radar targets. The two limited IF
outputs from the logarithmic amplifiers were mixed in a double balanced mixer to detect
the relative phase difference between the horizontal and vertical components of the
received signal. This phase difference was used in the IPAR correlation processor to
determine the degree of correlation between the transmitted code and the received
signal. The output of the correlator was recorded on digital tape.

The digital data were supplemented with analog data on FM tape to verify the
correlator operation. For this mode of operation, phase information was not injected
into the correlator, but was instead recorded on magnetic tape. A phase detection
network replaced the double balanced mixer for this mode of operation.

The phase detection network, shown in Figure 8, employed two 3 dB hybrids and
two DBM-200 double balanced mixers. The limited IF signals from the H and V channels
were split in a pair of 3 dB hybrid couplers. One pair of H and V IF signals were
combined in a mixer to produce the cosine of the relative phase angle. One channel of
the other pair was delayed by 900, then these two were also combined in a mixer to
produce the sine of the relative phase angle. These sine and cosine signals were sampled
and held at the PRF and recorded on FM tape along with the amplitude data.

3.1.3 IPAR PROCESSOR

The IPAR correlator and digital interface unit have been described in detail in two
previous Final Technical Reports for Contract No. NUUDZ&-?B-C-SBB.(S +6) On transmit,
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the IPAR processor controls the polarization code creation and triggers the transmitter
modulators. On receive, the correlator quantizes the received phase information and
produces a digitized received pulse code that is recorded on digital tape.

The input signal to the correlator comes from the double balanced mixer shown in
the receiver block diagram, Figure 8; the signal consists of the relative phase angle
between the received harizontal and vertical components. The response function of the
phase detector (mixer) is shown in Figure 10. The thresholds that appear in the figure
are set in the IPAR correlator and are used to digitize the phase information. If the H-V
phase angle is close to -90%, the received signal is declared left circularly polarized and
is assigned a value of -1. If the phase angle is near +909, the signal is right circularly
polarized and assigned a +1. If the relative phase angle is between the two thresholds, .
the signal is assumed to be depolarized as is given a value of 0. An example of the
resulting correlator output is shown in Figure 11. The transmitted code is a 13 bit Barker
consisting of pure right and left circular subpulses (1 and -1). On receive, a portion of
the pulse has been depolarized, resulting in the appearance of zeros. It is this received
and detected pulse code that is written out to digital tape.

The IPAR processor controls the functioning of the radar system including the pulse
code creation, the modulator triggering, and the clocking rate for the data samplers.
The radar system parameters that were varied as part of the IPAR experiment were all
controlled by the processor. A list of these capabilities is presented in Table 5. All of
the parameters shown were employed as experimental variables and could be readily
changed using switches on the front of the IPAR processor. This front panel is shown in

Figure 12.

3.2 RECORDING AND MONITORING EQUIPMENT

Because the H-V phase angle information could not be recorded on FM tape and

used in the IPAR correlator at the same time, two independent maodes of data collection
were employed. In the first, Mode A, the phase information was routed to the correlator,
where the received pulse code was generated as described in the previous section. This
code of 1's, O0's and -1's was recorded on digital tape on a pulse-by-pulse basis. Each
recorded file of digital data was preceded by a header record containing the pertinent
IPAR parameters such as code length, subpulse width, PRF, run number, and threshold

setting.
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TABLE 5. IPAR PROCESSOR OPERATIONAL PARAMETERS

Subpulse Length:

PRF:

Range Gate:

Correlation Processor:

Adjustable Digital Threshold

Built-In Self Test/Calibration

27

10 - 160 ns
(100 - 6.25 MHz2)

50 - 8,000 Hz plus manual

0-15 km

0.75 m maximum accuracy

True correlation for 32 bit code length

Pseudo correlation for 1 - 31 bit code length
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In this data collection mode, the digital data were supplemented with analog
amplitude data. The amplitude outputs of the logarithmic amplifiers were entered into a
bank of range gated sample and hold circuits triggered at the PRF. The resulting time
history of the received radar signal strength was recorded on a Honeywell 7-track FM
tape recorder. In addition to the horizontal and vertical amplitudes, the FM tape
contains a time code signal, a PRF triggered synchronization pulse, and voice annotation.

In the analog data collection mode (Mode B), the IPAR correlator was not
employed. Instead, the phase information was translated in the phase detection network
(Figure 8) into the sine and cosine of the relative H-V phase angle and recorded on FM
tape along with the other five analog channels described. The four data channels were
continuously monitored at the read heads of the FM tape recorder using a four channel
oscilloscope. In addition, for both data collection modes, the two amplitude channels
were routed to a strip chart recorder for observation and analysis. The block diagram of

the recording and monitoring system is shown in Figure 12.

3.3 ANCILLARY EQUIPMENT

In addition to the radar system and the recording and monitoring equipment,

several pieces of ancillary equipment were required for the data collection endeavor: in
particular, the multipath pole and the supply of reflector targets. The multipath pole,
shown in Figure 13, consisted of a 4 m wooden two-by-four fixed to a tilted base. The
159 tilt of the base was designed to reduce the specular return from the pole itself so
that the targets of interest would be dominant. A wooden traveler was afixed to the pole
so the reflector targets could be raised and lowered. In addition, the pole was clearly
marked in .15 m increments for accurate determination of the height of the target at all
times.

The targets themselves consisted of standard trihedral and dihedral corner
reflectors of various dimensions. The variety of sizes was included as an experimental
variable so that the performance of the IPAR process could be related to target cross
section. The trihedral radar targets were standard 90° corner reflectors with triangular
sides. The structure of a trihedral reflector and its backscatter pattern appear in
Figure 14. The X-band cross sections of the trihedrals employed ranged from 1 m? to
36 m2 and represented a decibel range of 15.6 dB. Table 6 lists the trihedral reflectors

that were used along with their X-band cross sections.
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Figure 13. Multipath pole in St. Andrews Bay.
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TABLE 6. TRIHEDRAL AND DIHEDRAL CORNER REFLECTOR CHARACTERISTICS

TRIHEDRAL CORNER REFLECTORS

a (inches) SIZE (m 2
4.9 1
8.7 10
10.3 20
11.3 28
12.0 36
37.0 3025

DIHEDRAL CORNER REFLECTORS

a, b (inches) SIZE (mz)
2.2, b.4 1
39,79 10
47,9.3 20

33

SIZE (dB)

0

10
13
14.5
15.6
35

SIZE (dB)

0
10
13



Dihedral targets were also employed to demonstrate the effect of even bounce
reflectors on IPAR processing. These targets had rectangular sides of varying
dimensions. A typical dihedral pattern as a function of plate dimensions is shown in

2

Figure 15. The range of dihedral cross section was from 1 m® to 26.5 m?2 (a range of

14.2 dB). Table 6 lists the dihedral corner reflectors employed along with their X-band
radar cross sections.
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SECTION 4
EXPERIMENTAL PROCEDURE

During the IPAR field measurements, a systematic data collection procedure was’
employed. A complete calibration of the radar system was performed at the beginning
and end of each day. In addition, the polarization circularity and power of the
transmitted signal were monitored continuously, ensuring accurate received phase
information and complete documentation of the amplitude of the returned signal. The
data collection procedure itself was systematized into two data collection modes: mode
A for digital and analog data and mode B for analog only data. These data collection

procedures and the radar calibration methods are described in detail below.

4.1 RADAR CALIBRATION

The main purpose of these field experiments was to quantify the performance of

the IPAR technique in a functional radar system. For this purpose, much of the
performance evaluation was based on the phase only information processed by the IPAR
correlator. However, it was essential for completeness that absolute radar cross section
data be collected. Absolute RCS can be determined by comparing the amplitude of the
radar return to either a signal of known power or to a signal reflected from a standard
reflector target correcting for differences in range between the target and the
reflector. Both methods require that the receiver transfer function be determined. In
addition, the power comparison method requires that the transmitted power and the
system losses be carefully determined.

Both of these methods were employed during the IPAR data collection program. If
the two independent methods result in similar predicted radar cross sections for a

particular target, then a high level of confidence in the RCS values is established.

4.1.1 POWER MEASUREMENTS

4.1.1.1 RF Source Power Measurements

There were three types of X-band RF carriers employed in the IPAR data
collection exercise: narrowband, swept frequency, and wideband noise. The first step in
the power measurement was to determine the power produced by each source to be

injeéted into the TWT amplifier chain. The first two RF sources were produced by a
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Hewlett Packard 624 X-band test set, the calibration and measurement of which were

performed as follows:

Calibrate power dial of HP signal generator.

Read power out on power meter.

Switch mode to "FM" and read power out.

Dial in > 20 dB of attenuation and disconnect cable.

For the wideband noise source no adjustments were necessary, and the output

power was measured directly with the HP power meter as described in step 2 above.

4.1.1.2 Transmitter Power Measurements

In addition to measuring the basic power produced by the RF sources, the actual
average transmitter power in each polarization channel was measured at the test port
shown in Figure 6. The actual peak transmit power can be calculated from the measured

average power using the equation

p . —Power meter reading « 1
p = Coupling efficiency ) (N (Ts)

where the coupling efficiency is -13 dB (0.05) for single channel measurements (10 dB
coupler + 3 dB Magic Tee), PRF is the pulse repetition frequency, N is the number of
subpulses selected, and Ts is the selected subpulse width. Ratings on the thermistor
mount dictate that the factors (N x Ts) must be kept below 100 x 107,

The procedure for measuring the transmitted power in each channel was as follows:

Connect the power meter thermister to the test port.
Calibrate the HP test set.
Turn the 4 TWT amplifiers to "Standby" and allow them to warm up.

. Set the correlator-timing and control.

woE N

. After allowing sufficient warm up time,
a. Engage "Radiate" switch on the correlator control panel.

b. Select N = 5 on control panel.
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c.  Select T = 20 and PRF = 1000 on control panel.

d. Set all code switches to "1" position.

e. Load code with momentary load switch.

f. Reduce low power TWT gain to minimum.

g.  Switch low power TWT No. 1 to "Radiate."

h.  Engage "Radiate" switch on hi power TWT No. 1.

i Increase low power TWT No. 1 gain pot until power meter reads desired
level (2.5 mW).

jo Go to "Standby" on both low-power and high-power TWT amplifiers.

k. Repeat Steps 5a through 5j for TWT amplifier Chain No. 2.

l. Disconnect the thermistor mount from the waveguide.

4.1.2 TRANSMIT SIGNAL PHASE ADJUSTMENT

The ellipticity of the transmitted polarization is affected by the power balance and
by the phase between the two X-band signals arriving at the dual mode coupler. A
rectangular waveguide horn is located on the antenna dish to provide a means of
establishing the required circular polarization. This horn is adjustable in 45 degree
increments with respect to the primary antenna feed. The horn was positioned at the
+45° position so that the final power and phase conditions could be established.

Several iterations of the following procedure were sometimes required to establish
a linear 45° polarization. Once the 45° linear polarization has been obtained, the
calibrated phase shifter in the transmitter was adjusted for a phase delay of 90° to

achieve circular polarization.

1. Connect a 50 ochm coaxial cable between the crystal detector located on the
antenna and a 100 MHz bandwidth oscilloscope. Be sure that the coaxial line is
terminated at both ends with the proper impedance.

2. Position the test horn to 45° and lock the detent.

3.  With the power balanced as indicated previously (must be disconnected at the
roof test port), rotate the transmitter phase shifter to 0° and lock the
calibration dial.

4. Set the code length to 32.

5. Set a 32-bit code of alternating 4-bits (111100001111 etc.) and load the code.

6. Turn on all 4 TWT amplifiers.
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7. Observe the transmit pulse on the oscilloscope and adjust the transmit phase
shifter for a null in the one's position of the detected code. This condition
corresponds to transmission of linear 459 polarization.

8. The initial adjustment should achieve a null greater than 20 dB below the peak
observed for the code zeros.

9. Increase the vertical sensitivity on the oscilloscope and adjust the gain on one,
hot both, of the low power TWT amplifiers to achieve a better null if
required. The TWT current should not be changed from its power-balance
condition by more than 2 to 3 percent.

10.  An iteration between power adjustment and phase adjustment may be required
to achieve the best null. Repeat steps 7 through 9 as required.

11. Once the "best" null is achieved, unlock the phase shifter dial and set the phase
to 90°. This results in transmission of circular polarization.

12. Observe the transmit waveform to see that both the "1s" and "Os" of the code

are the same amplitude; otherwise the polarization is elliptical.

Using this procedure, the system was adjusted so that the horizontally polarized
and vertically polarized signals radiated from the primary feed were equal in power and

90° out of phase. These conditions establish a circularly polarized radiated field.

4.1.3 RECEIVER AMPLITUDE CALIBRATION

The radar receiver was calibrated by injecting a signal of known frequency and
power level into the same test port used to measure the transmitter power. The signal,
generated by the HP 624 test set was adjusted to be 0 dBm as previously described. The
receiver response function was documented using the attenuator on the HP test set as
described in the following procedure. Note that the amplitude signals out of the
logarithmic amplifiers were sampled and held at the PRF and recorded on FM tape as

described in Section 3.2.

1. Turn on the HP 624 test set and allow 15 minutes warm up time.
2. Perform an internal calibration on the test set, as previously described.
Connect the test set to the power meter through the same coaxial cable used

to connect to the wavequide test port.
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Measure and record on the data sheet the power measured at the end of the
cable.

Disconnect the cable from the power meter and re-connect to the wavequide
test port.

Ensure that the receiver, transmitter, and test set are tuned to the same
frequency.

Start at zero dB on the test set and on the receiver attenuators and record 10
second range gated samples for every 5 dB attenuation over the dynamic range
of the receiver (usually around 70 dB).

Using the test set attenuator, record a series of maximum/minimum signal
levels to aid in later setting of scaling amplifiers used in the data reduction

process.

4.1.4 RECEIVER PHASE VERIFICATION
4.1.4.1 Receiver Phase Shifter Adjustment

The IPAR process uses the relative phase angle between the horizontal and vertical

components to determine the polarization properties of the target. It is imperative that

no spurious effect upon this phase angle is introduced in the receiver. For this reason the

two receive channels were matched in path length as closely as possible. For fine tuning

adjustments of this path length, a precision phase shifter was included in one receive

channel, as shown in the receiver block diagram, Figure 7. Adjusting this phase shifter

was a part of each calibration and proceeded as follows.

Perform the radar system calibration described above; set the HP test set to
Cw.

Boresight the antenna on a reference corner reflector.

Load an optimal 32-bit code into the correlator.

Switch the TWT's to "Radiate."

Observe the video correlation function out of the correlator on an oscilloscope.
Adjust the correlator range gate until the correlation function is centered on
the target.

Add attenuation to each channel until the correlation function is drawn out of
saturation,

Adjust the receive phase shifter until the correlation function is optimized.
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9. Record the phase shifter setting; all CW data should be collected at this
setting.

10. Repeat 5 through 9 for each RF carrier.

4.1.4.2 Phase Detector Verification

For the analog data collection mode (Mode B), the H-V phase information was not
passed to the IPAR correlator but was processed in the phase detection network
(Figure 8) to produce the sine and cosine of the relative H-V phase angle. The phase
detectors consisted of two identical DBM-200 double balanced mixers. The required 90
degree phase shift was achieved with a pair of coaxial cables which were cut so that one
cable was 1/4 wavelength longer than the other. It was important that the sine/cosine
relationship be verified before data collection began. The following steps were

performed to document the functioning of the phase detector network.

1. Attach a cable from boxcar circuit No. 3, containing the cosine of the H-V
phase angle, to the Y axis of the oscilloscope and a cable from boxcar circuit
No. 3, containing the sine of the phase angle, to the X axis input of the
oscilloscope.
Apply a signal from the HP 624 test set to the waveguide test port.
Vary the phase shifter in the horizontal receiver and observe that the path of
the dot on the oscilloscope traces out a circle.

4, If for the conditions set up in 3, the oscilloscope trace is not a circle, trim the
cable length by using coaxial adapters until a circular Lissajous pattern is
achieved.

5. Return the phase shifter to the setting determined in Section 4.1.4.1

4.1.5 CALIBRATION VERIFICATION

The receiver calibration will be verified against the radar return from a standard
corner reflector during the next phase of the program. The theoretical power return
from the standard corner re flector can be calculated from the radar range equation. The
level of the video return from the calibration target will be compared with the receiver
calibration which was described in Section 4.1.3. The calculated theoretical power
should agree with the measured value within + 2 dB. The peak received power can be

calculated from:
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where:
Py = measured value from paragraph 4.1.2
G% = 79.2 dB
A = -29.9 dB
(lHT)3 = 33.0dB
Ly = 1.2 dB (system losses)
L, = 3 dB (linear component of circular wave)
R = measured range to target
o = 28 m?

If the measured and calculated values agree within the acceptable limits, the

calibration is closed and the RCS values are validated.

4.2 DATA COLLECTION PROCEDURE

The procedure for data collection followed a systematic format. A data log was

maintained for each run in which the following parameters were included:

Date

FM Tape Number

Digital Tape Number

F™M Channel Designations
Run Number

Time

Target Type and Size
Range to Target

Data Collection Mode
Transmission Carrier Type
Code Length

Code Type

Subpulse Width
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14. Threshold Levels for Digitization
15. Receiver Attenuation

16, Comments.

The data collection parameters were varied in accordance with a test matrix. A
list of the matrix variables is presented in Table 7. The test matrix was the same for the
two data collection modes, but the procedures differed somewhat. An example of the

steps followed for each mode is presented below.

4.2.1 MODE A: DIGITAL AND ANALOG
With the phase information routed through the IPAR correlator to the digital tape
recorder and the amplitude data recorded on FM tape, the measurements procedure was

as follows:

1. Set up trihedral target.

2. Transmit a fixed frequency (narrowband).

3. Set and load code per test matrix.

4. Set PRF to 1,000 Hz.

5. Select a 20 ns subpulse width.

6. Select N = 32,

7.  Set threshold = 02.

8 Insert sufficient attenuation in receiver channels to avoid signal saturation.

9 Position analog range gate 1 (top) and the IPAR digital processor range gate to
the range of the target.

10. Verify transmission of circular polarization.

11. Enter run number, date, and threshold setting on digital tape header file.

12, Start FM tape recorder and begin voice annotation.

13, Start digital tape recorder - record 20 seconds of data.

14. Select the next parameter in the test matrix.

15. Repeat steps 10 through 14.

16. Switch transmitter to FM (swept frequency).

17. Repeat steps 3 through 15.

18. Switch to wideband noise source.

19. Repeat steps 3 through 15.
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TABLE 7. DATA COLLECTION VARIABLES

RF Carrier: narrowband, swept frequency, or noise
Collection Mode: digital or analog

Code Length: 13, 20, or 32

Subpulse Width: 20 ns or 40 ns

Threshold Setting: 0 to 29

Target Type: trihedral or dihedral

Target Position: as required for specific test
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20.

21.

Move trihedral and repeat, abave procedure.

Replace trihedral with dihedral and repeat, above procedure.

4.2.2 MODE B: ANALOG ONLY

For the analog data collection made the phase infarmation was routed through the
phase detector network (Figure 8), which praduced the sine and casine of the relative H-
V phase angle.
infarmation.
simultaneously with the single analog range gate, the maode B recording procedure was
somewhate different from mode A. Instead of fixing the analog range gate on the target,

it was placed in front of the target and slewed at a constant rate across it.

pracedure is described below:

N R I i o

el e R R i R
A B S A

Set up trihedral target.

Connect the phase detector network as shown in Figure 8.
Transmit a fixed frequency.

Set and load cade per test matrix.

Set PRF to 1,000 Hz.

Select a 20 ns subpulse width.

Select N = 32,

Insert sufficient attenuation in receiver to avoid signal saturation.

Pasition the analog range gate in fraont of the target.
Start FM tape recorder and begin voice annotation.
Slew range gate across target four times.

Select the next parameter in the test matrix.
Repeat steps 10 through 13.

Switch transmitter to FM (swept frequency)

Repeat steps 4 through 14.

Switch to wideband noise source.

Repeat steps 4 through 14.

Move trihedral and repeat, abave pracedure.

Replace trihedral with dihedral and repeat, abave procedure.
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SECTION 5
THE EXPERIMENTS

The major aim of this IPAR program was to generate, record, and make available
IPAR data that would subsequently be used to document, understand, and quantify
various characteristics of the IPAR waveform. Since IPAR technology and, indeed, the
IPAR concept itself are still quite young, it was necessary to design and implement well-
documented, tightly controlled experiments to ensure that each set of experimental data
provided information on an isclated IPAR characteristic.

The following subsections describe each of the separate experiments conducted
during the data collection program. In each case, the purpose, setting, and execution of

the experiments are described.

5.1 COMPRESSION ON SIMPLE TARGETS

Data on simple targets in a multipath-interference-free, high target-to-clutter

ratio environment were recorded at each of the test sites (Section 2), and an extensive
set of data on simple targets was recorded at the Dobbins and Panama City Beach sites.
The Dobbins data will serve as proof-of-concept data showing that the system actually
achieves pulse compression on trihedrals and dihedrals. The St. Andrews Bay data for
simple targets were recorded using a trihedral at various signal-to-noise (S/N) ratios.
The signal-to-noise levels were varied between -5dBm and +5 dBm in 5 dBm
increments. The reflector was situated in a low clutter environment, out of any
multipath interference, and the S/N ratio was varied by adding attenuation in the
receiver precision attenuators. These data will aid in determining the compression gain
(with respect to noise) of the pseudo coherent process that IPAR uses for phase

detection.

5.2 MULTIPATH INTERFERENCE OVER BAY

These data were collected at the bay site, and will allow analysis of the behavior of

the IPAR waveform and pulse compression processing in a multipath interference
environment, where the reflecting surface is (fairly smooth) bay waters.
The one square meter trihedral was mounted on the multipath pole, and it's height

above the mean water level (MWL) was varied in .15 meters (six inches) increments over
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a range from .45 meters (eighteen inches) to 1.82 meters (seventy-two inches) above the
MWL. Since the geometry of the test site resulted in a lobing structure with a
periodicity of one multipath interference peak every .91 meters (36 inches) above MWL,
this experiment covered 1.5 full cycles of the lobing structure. At each height, a full set
of runs (various threshold settings for each of the three carriers) was recorded.

The experiment continued with selective probes of the multipath interference
lobing structure generated by each of the one square meter dihedral and one square
meter trihedral targets. For each of the reflectors, full sets of data were collected at a

multipath interference peak, a multipath interference null, and at two points in between.

5.3 MULTIPATH INTERFERENCE OVER SEA

A thirty-six square meter trihedral target was mounted on a Proline runabout to

document the performance of the IPAR process in response to targets embedded in a
multipath lobing structure, where the re flecting surface is the sea. The Proline operator
was instructed to run a straight course toward the radar system from approximately four
kilometers out to sea to one-third kilometer from the shore site (see Section 2.2.2).
During each such run, the radar antenna was manually slewed so as to remain pointed
toward the mounted corner reflector in azimuth and elevation, and the range gate on the
IPAR box was slewed to track the target in range. In addition, a 20 bit code was
employed so that our range estimate needed to be accurate to only +6 range bins for the
full return from the reflector to be recorded. Each physical run of the boat from four to
one-third kilometers from the system was recorded as, approximately, fifteen separate
data collection runs. The procedure employed was to allot approximately thirty seconds
per collection run or to terminate a run and begin a new one if the nature of the return
seemed to be changing substantially.

The resulting data represent fifteen "snapshots" of various regions of the multipath
interference lobing structure for each physical run of the Proline. Separate "physical"

runs were conducted for each of the system carriers and for various threshold settings.

5.4 BAY AND SEA CLUTTER

Each day of operation at the bay and beach sites, data were collected on the

bay/sea state for purposes of documenting the environment for those days' experiments.
In addition, full sets of runs (variable carrier, variable threshold, variable angles of
depression) were recorded on the last day of operation at the bay site and the first day of

operation at the sea site.
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These data will be used to study and quantify two phenomena: (1) the loss in pulse
compression gain achieved by IPAR when backscatter is from bay and sea clutter and
(2) the time/frequency dependence of the angle between the received horizontal and
vertical receive channels (¢H/) of the IPAR system when the target is bay and sea
clutter. The former phenomenon will form the basis for computation of target-to-clutter
enhancement due to IPAR processing, and the latter will form the basis for computation

of the target-to-clutter discrimination properties of IPAR.

5.5 SIMPLE TARGETS INBAY AND SEA CLUTTER

Data consisting of backscatter from simple targets embedded in clutter were

collected to study and quantify IPAR's ability to (1) distinguish between targets and
clutter (target discrimination) and (2) generate greater pulse compression gain on target
than clutter signatures (target-to-clutter enhancement).

In both cases (bay and sea) it was difficult to establish low signal-to-clutter ratio
situations. This ratio was minimized for the bay measurements by using the smallest
reflector available to us (1 mz); the resulting signal-td-clutter ratio was still, however,
high. Lower ratios were achieved during the sea experiments by sending the Proline out
to four kilometers from the beach site; however, to keep the simple reflector dominant
over its carrier vehicle (the Proline), a 36 m? trihedral was used. The signal-to-clutter

ratio established was still not as low as would have been desired.

5.6 RESOLUTION EXPERIMENTS

After completion of the planned bay and sea experiments, the Dobbins Air Force

Base site was reestablished in order to conduct experiments to document IPAR's
resolving ability and probe IPAR's sensitivity to target complexity.

The resclution experiments consisted of collecting data on two targets separated by
two range resolution cells (approximately 20 feet). Full sets of data were collected on
each of three configurations: (1) two 1 m? trihedrals separated by two range bins, (2) a

2 2anda

1 m* trihedral and a 1 m2 dihedral separated by two range bins, and (3) a 1 m
10 m2 trihedral separated by two range bins. The last of these experiments will exhibit
the phenomenon of "capture,"” where a large reflector masks the return from a small
reflector even though the two are located in different range bins. This phenomenon
occurs with binary phase coded systems as well and is a function of coarseness of

uantization in the receiver processing. For phase-coded systems, "capture" occurs when
b
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too few bits are used to quantize amplitude and phase. For IPAR 'capture" is a result of
hard limiting the amplitude and quantizing the relative phase of the two received

polarization components to only two bits.

5.7 COMPLEX TARGETS
For the purposes of this document, define complex targets to be those which, on a

range resolution cell basis, consist of more than one dominant scatterer. Thus, grass and
leafy trees represent complex targets, and man-made objects may or may not represent
complex targets in this sense depending on the particular target, target aspect, and
system resolution.

Since IPAR waveforms respond exactly oppositely in relative polarization phase to

(6)

equal radar cross sections and located at the same range is "invisible" to the IPAR pulse

even and odd bounce scatterers, ' a target set composed of a dihedral and trihedral of
compression process. This property raises concern over [PAR's ability to pulse compress
on man-made objects. The "complex target" experiments were designed to permit
analysis and quantification of [PAR's response to such targets.

The experiments were carried out at the Dobbins site by collecting data on various
configurations of dihedrals and trihedrals set in a single range bin. Each configuration
was documented by photographs and by recording the backscatter from, first, all of the
dihedrals in the configuration and, then, all of the trihedrals in the configuration. Thus,
the total cross section of the even-bounce reflectors and the total cross section of the
odd-bounce reflectors of the complex target were recorded for each configuration.

Data were collected from complex target configurations consisting of as few as
two reflectors and as many as six reflectors in a single range bin, and the total |
difference in radar cross section between the ensembles of dihedrals and trihedrals was
varied between 0 dBsm and 10 dBsm. In addition, the distance between reflectors (in the
two-reflector experiments) was varied by a fraction (=1/3) of a wavelength to
document the effects of carrier constructive and destructive interference on the IPAR

pulse compression scheme.

5.8 TREE AND GRASS CLUTTER
Each day of operation at the Dobbins and Georgia Tech sites data were recorded

for documentation purposes from the grass and tree clutter that formed the background
for the day's experiments. In addition, full sets of backscatter data were recorded from
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a tree line consisting of evergreen trees and a bush line consisting also of evergreens,

both at the Georgia Tech site. The former represent extended (depth of more than one

range bin) clutter signatures, and the latter represent non-extended clutter signatures.
As with the bay and sea clutter measurements, these data will be used to analyze

and quantify IPAR's target-to-clutter enhancement and target discrimination properties.

5.9 TARGETS IN TREE CLUTTER

Trihedrals were embedded in and then placed in front of the aforementioned tree

line. For each position, three different trihedrals were used to create various signal-to-
clutter environments. Full sets of data were collected for each of these six
configurations.

A3 m2 Trihedral was embedded in the bush-line mentioned above to create a 0 dB
signal-to-clutter situation. Full sets of backscatter data were recorded from the clutter

alone and from the clutter with the embedded target.

5.10 TARGETS OF OPPORTUNITY

Full sets of backscatter data from Stage II (an abandoned observation and test

platform located offshore) and the Proline runabout were recorded at the beach site and
from a pickup truck at the Georgia Tech site. These data will be utilized to investigate
the interaction of the IPAR waveform and man-made objects as well as to investigate

the nature of range profiles generated by these interactions.
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SECTION 6
DATA SUMMARY

6.1 SUMMARY

The data collection which formed a large portion of this program resulted in the
generation of 22 digital tapes and 17 FM tapes of IPAR data, which in all contain the
backscatter from more than 1300 system runs. These data are summarized in Table 8
according to run number, object studied, scenario, and the particular experiment
involved. As described in Section 3.2, Mode A data are digitized IPAR returns that
describe the relative phase of the received pulses on a subpulse basis. Each of these
Mode A runs are, in addition, documented by the recording on FM tape of the amplitude
in the H and V receive channels. As will be explained in Section 8, the Mode A data are
useful only when the major portion of the radar backscatter can be assumed to emanate
from a single range bin. Thus, the Mode B data will have to be utilized for analysis of
the bay and sea clutter measurements (Runs 702-782), the signature of Stage II (Runs
935-946), the resolution experiments (Runs 950-1005), and almost all the background
documentation. In all, the collection program generated 722 runs of usable Mode A
(digital) data and 413 runs of usable Made B data.

The Mode B data have the advantage of containing both the amplitude and non-
quantized relative phase data of received signals on a subpulse basis; however, because of
bandwidth limitations (as described in Section 3.2), these data are collected over many
pulses so that any reconstituted single pulse actually represents sampled returns from a
number of pulses. These data will prove invaluable for amplitude documentation of the
various experimental scenarios, especially for thase in which the background represents a
distributed reflector. These data will also be used to characterize the actual relative H-
V receive phase from various targets; however caution will have to be exercised in
drawing conclusions since a time average and a large frequency excursion, when the
frequency swept and noise carriers are employed, are by necessity intrinsic in all these
data.

6.2 DATA SUMMARY ACCORDING TO ANALYSIS OBJECTIVES

The data collection was undertaken with various objectives in mind for subsequent

data analysis. Table 9 summarizes the resulting IPAR data that will be available for use
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TABLE 8. SUMMARY OF DATA COLLECTED.

DATE RUN NO. OBJECT DIGITAL M MODE  DESCRIPTION EXPERIMENT
TAPE TAPE
NO. NO.
11/23 1-25 36m? Trihedral 1 1 A Compression Tests
11/26 28-50 ' 36m?2 Trihedral 2 2 A Compression Tests Compression on
Simple Target
51-59 Grass 2 2 A Background
Documentation
60-78 36m? Trihedral 2 2 A Compression Tests
79-96 36m? Trihedral - 2 B Compression Tests
12/01 100-240 ) 1m? Trihedral 3/4 3/4 A Multipath Inter- Performance in
ference over bay Multipath Inter-
ference Field
12/02 241-258 1m? Trihedral S 4 A Receiver Phase
Adjustments
259-298 Pole 5 -4 A Background
Documentation
299-360 1m2 Trihedral /6 4/s A Multipath Inter~

ference (cont.)

12/03 361-403 1m2 Trihedral 7 S A Multipath Inter-
ference (cont.)

12/07 411-545 1m?2 Trihedral - 6/7 B Performance Documentation of
as a Function Processing Gain
of S/N Ratio

12/08 546-602 Pole - 8 B Background

Documentation




SS

TABLE 8. SUMMARY OF DATA COLLECTED.
(continued)
DATE RUN NO. OBJECT DIGITAL FM MODE  DESCRIPTION EXPERIMENT
TAPE TAPE
NO. NO.
12/09 604-701 1mZ Dihedral 8 8/9 A/B Multipath Inter- Performance in Multi-
ference over bay path Interference over
Bay (continued)
12/09 702-718 Bay Clutter 8 9 A/B Bay Clutter Clutter Measurements
12/15 719-782 Sea Clutter 9/10 9/10 A Sea Clutter
12/16 783-790 Proline 10 10 A Background Performance in
Documentation Multipath Interference
791-825 Sea Clutter 10 10 A Background Over Sea
Documentation
12/17 826-887 36m? Trihedral 11/12 11 A/8  Multipath Inter-
ference over sea
12/20 893-931 36m2 Trihedral 14/15 12 A8 Multipath Inter-
ference over sea
932-934 Proline with - 12 B Background
Pole Documentation
12/20 935-946 Stage I 15 13 A/B Complex Target Signature of Target
of Opportunity
947-948 Sea Clutter 15 13 A Background

Documentation




TABLE 8. SUMMARY OF DATA COLLECTED.

(continued)
DATE - RUN NO., OBJECT DIGITAL M MODE DESCRIPTION EXPERIMENT
: TAPE TAPE
NO. NO.
1/17 950-963 Grass 16 13 A/B Background Resolution
Documentation Experiments
964-983 1m? Trihedral 16 13 A8 1MZ? Trihedral
Documentation
1/25 984-994 Two Trihedrals - 13 8 Trihedrals Separated
. by Two Range Bins
1/31 995-1005 Trihedral and 17 13 A/B Two Range Bin
Dihedral Separation
1/31 1010-1074 lm2 Dihedral 18 14 AlB Two Reflectors in Simulated Complex
and Trihedral One Range Bin Targets
2/1 1075-1093 1m? Dihedral 19 15 A/B Two Reflectors

and, Trihedral
10m* Trihedral

1094-1096 Grass, - 15 8 Background
Reflectors Documentation
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TABLE 8. SUMMARY OF DATA COLLECTED.
(continued)
DATE RUN NO. OBJECT DIGITAL FM MODE DESCRIPTION EXPERIMENT
TAPE TAPE
NO. NQO.
2/3 1097-1108 1m? Dihedral 20 15 A Two Reflectors Simulated Complex
andzTrihedral
10m* Trihedral Targets
1112-1148 26.5m2 Dihedral 20/21 15 A/B Two Reflectors {continued)
ltlm2 Trihedral.
1149-1162 i 26.5m2 Dihedral 21 15 A/B Two Reflectors
22m? Trihedral
1163-1165 Individual - 15 B Documentation
Reflectors
2/4 1166-1173 Individual and - 16 B Documentation
Combinations of
Reflectors
1174-1189 1,3m2 Trihedrgls 22 16 A/B Five Reflectors
7, 10, 26.5m
Dihedrals
1190-1193 Individual and - 16 B Documentation

Combination of
Reflectors




TABLE 8. SUMMARY OF DATA COLLECTED.

{(continued)
DATE  RUN NO. OBJECT DIGITAL FM MODE  DESCRIPTION EXPERIMENT
TAPE TAPE
NO. NO.
1194-1212 3,7,1l3m2 rihedrals 22 16 A/B Six Reflectors Simulated Complex
7,10,26.5m“ Dihedrals Targets
1213-1214 Individuals and - 16 B Documentation (continued)
Combinations
1215-1241 7,1l3,28m2 Trihedrals 22 16 AlB Six Reflectors
10,20,26.5mZ Dihedrals
1242-1244 Individuals and - 16 B Documentation
Combinations
2/17 1248-1286 1m? Trihedral - 17 B Targets embedded Targets with Tree
in Clutter Clutter
3m2 Trihedrals
28m? Trihedrals
1287-1304 as above - 17 B Targets in front
of Clutter
2/21 1305-1334 Targets and - 17 B Documentation of

Clutter

Targets and Clutter




TABLE 9. DATA SUMMARY ACCORDING TO ANALYSIS OBJECTIVES.

APPROXIMATE

NUMBER OF NUMBER OF
ANALYSES TARGETS/SCENARIOS RUNS
Compression 11/5 190
on Simple
Targets
Compression 3/2 600
in Multipath
and Interference
Characterization 5/3 160
Clutter backscatter
Compression as a 7/1 250
Function of Target
Complexity
Detection of Targets 4/5
in Clutter 100
System Range
Resolution 21 50
Signatures of 4/3 30

Targets of
Opportunity
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in each of the delineated analysis tasks. A brief description of each of the analyses tasks
and any special properties of the available data with respect to these tasks are given
below.

The analysis of compression on simple targets will provide measures of peak
processing gain and variability of the peak as functions of threshold setting and carrier,
and these analyses will provide irrefutable evidence of the ability to pulse compress on
polarization modulation, the heart of the IPAR concept. In addition, analysis of peak
gain as a function of S/N ratio will aid in the development of a theory to characterize
the pulse compression gain realizable with a pseudocoherent detection process.

The multipath interference data will serve as a basis for a theoretical description
of the behavior of the IPAR waveform in multipath interference and as a base for
quantifying compression performance as a function of carrier, ground plane, and position
on the multipath interference lobing structure. The bay data represent precisely
documented, well controlled measurements which will be utilized for the
phenomenological study, and the sea data represent a more realistic operational scenario,
better suited for prediction of performance in an operational situation.

The clutter data include bay, sea, grass, tree, and bush clutter. (As noted in
Section 6.1, since any Mode A date on extended targets may he misleading, only Mode B
extended clutter data will be reduced for analysis. The number of runs shown in Table 9
include only these useful data). These data will be analyzed to determine features that
(1) characterize each type of clutter individually and characterize the ensemble of types
as "generic clutter" and (2) distingquish these (both individually and as an ensemble) IPAR
returns from simple and complex target IPAR returns. Analysis will also determine the
compression gain achievable by IPAR processing for each of these clutter types. All of
these analyses will be based on the behavior of the relative angle between the received H
and V components and the system's pulse compression characteristics as functions of
carrier, integration time, and clutter type.

Based on the results of the separate target and clutter analyses, a target
discrimination algorithm will be developed and tested on the collected "targets in
clutter" data. The results of this experiment will form a basis for quantification of
IPAR's ability to discriminate targets from various types of clutter. This discrimination
ability will be quantified as a function of carrier, signal-to-clutter ratio, target type, and

clutter type to the extent that the data permit.
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The backscatter data collected from artificially-created complex targets are
summarized in Table 10. In each case, all the reflectors were located in a single range
resolution cell and the backscatter from the two different types of reflectors (trihedrals
and dihedrals) were documented separately. The last column on the right in Table 10
represents the computed difference between the reflectivity of the ensemble of
trihedrals and the ensemble of dihedrals utilized for each experiment. These cross
sections were derived from the dimensions of the individual reflectors, not the measured
backscatter from them, and were verified approximately by the relative A-scope levels
observed. The actual relative cross sections will be computed from the recorded
backscatter during the planned analyses.

The distance between the trihedral and dihedral in the two-reflector, 10 dB
difference and 0 dB difference experiments was changed twice by approximately one-
third of a wavelength (one-third of an inch) to sample the effects of various interference
patterns on the IPAR process. Full sets of data (all three carriers, various thresholds,
and both data collection modes) were taken for each of the complex target experiments
listed in Table 10. The analysis that these data will be utilized for will be quantification
of the IPAR pulse compression process as a function of target complexity, target make-

up, and RF carrier.

6l



TABLE 10. COMPLEX TARGETS EXPERIMENTS.

RCS OF DIHEDRALS

CONFIGURATION MINUS RCS OF
NO. OF TRIHEDRALS NO. OF DIHEDRALS TRIHEDRALS (in dB)
1 1 -10
4
1
0
2 3 10
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SECTION 7
DATA REDUCTION AND ANALYSIS

As part of this program, approximately two-thirds (480 runs) of the recorded digital
data were reformatted, read to disk, and analyzed. The software governing the writing
to and reading from disk and the software that performs the analysis of the digital data
were both developed expressly for this application, thus they are highly efficient and
flexible for this purpose. Each of the digital runs analyzed has been documented by
reduction and calibration of the accompanying FM amplitude data.

The following three subsections respectively describe the tape-to-disk procedure,
the analysis program, and the method by which the FM data amplitude data were reduced

and calibrated.

7.1 TAPE-TO-DISK TRANSFER
The digital data recorded during the field operation were written on 22 digital

tapes. These tapes contain approximately 20 seconds of data for each of approximately
720 runs. It was decided to download the digital data from tape-to-disk and to compact
the data in the process since these data were to be extensively analyzed over an
extended period of time and 20 seconds of data per run were an order of magnitude more
than was needed for observation and analysis of any physical phenomena (but the correct
duration to conduct the necessary FM reduction).

The program created and utilized to effect this tape-to-disk transfer (developed
and implemented by Mr. Michael Shannon) is included as Appendix A to this report. As a
result of the application of this program, 480 runs of digital data have been written to
and are accessible from disk. Hence, each of the runs is quickly accessible on a random
access basis, which greatly reduces the time required for (and the cost of analysis of) the
digital data. Furthermore, since an optimum packing procedure was employed, the
processed 480 runs of data occupy only 12.5% of the disk storage space. It is thus
expected that all of the digital and digitized FM data generated by our data collection
program will fit onto the single, 80 megabyte, dedicated disk allocated to this effort.

The tape-to-disk program contains extensive error checking capability. Of the 481
digital runs processed, only one was found to contain errors, and thus 480 runs were
packed to disk. Indeed, the data analysis program (which is described below) exhibited no

problems in reading and analyzing the 480 "good" disk files.

63



7.2 ANALYSIS OF THE DIGITAL DATA

To perform automatic preliminary analysis of the digital data, an analysis computer

program was developed and implemented by Mr. Michael Baden that computes the cross
correlation between the received signals and the stored code matched filter and then
compiles statistical measures-of-goodness for, and variability of, the output (compressed)
waveforms. The computer program is reproduced as Appendix B to this report.

The analysis program may be applied interactively to select portions of the data or
instructed to process all data present on disk. For each iteration of analysis the
following may be specified: (1) run number(s) to be processed, (2) number of pulses to be
pracessed per run, (3) measures to be computed, and (4) format of output.

The printed result of applying the analysis program to the data from run number 11
is reproduced here as Table 11. As a matter of background, run number 11 was the

illumination of a 36 m?2

trihedral mounted on a tripod, the pulse repetition frequency was
500 Hz, the narrowband carrier was employed, the threshold level was set at 20, and the
scenario was a multipath interference-free, high signal-to-background environment.

~ The first six lines on the output reproduce the header data that identify the run.
The "Average” and "Standard Deviation" of correlator output represents these measures,
on a subpulse basis, of the compressed (output) waveforms over the number of pulses
specified. The next two lines report percentage of valid received pulses and total
number of pulses processed. Since the PRF was 500 Hz and 576 pulses were processed
for this run, just over a second's worth of data was processed in these analyses.

The "Average Peak Correlator Output” and attendant standard deviation are
computed by considering the peak output resulting from each received pulse. The
aforementioned averages and standard deviations were computed on a position, rather
than value, basis. Thus, if the peak were to occur in varying positions from pulse-to-
pulse, "Average Peak"” and average of any single range bin would be different. However,
for run number 11 that was not the case as can be garnered from "Average Peak
Position™ and "Standard Deviation of Peak Paosition" on the next lines in Table 11.

The mean and standard deviation of any particular bin may be computed and
exhibited as in "Average Output of Bin Number ___ is:," thus obviating the necessity for
the first two outputs (Average Correlator Output and Standard Deviation of Correlator

Output) if the output from only one range bin is of interest.
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TABLE 11. SAMPLE DIGITAL ANALYSIS OUTPUT

PRF S SuY,
[PAR DISPLAY SwITCH POSITIUNS DIGLIAL TAPE

IParR COMPUTER FLAG SWITCHS CLK

IPAR RUN/ZTEST? Kun

SUB=PULSE LENGTIH: 4y

TRANSMIT CODE LENGIH: 32~

[ E 3220 R R R 2R3 A
ANALYSIS OF R wNHmBER 11
NERANRAN RN AANRN AN AN AR RN NN A RN

wanenan STATISIICS REPURT wamaman

AVERAGE CDHRELATUR OUTPUT (VULTS):

9 =l.9 =7 ol o7 1.7 U =2,2 1.6 2.7 1,3 .8 4,5 S =1.7 ~2.3 L Y- el =2,8 6
2.7 5 -1,6 el 149 =1,0 ol el 1a8 2.9°29,3 =,2 1,8 2.9 =.b -l.1 3,0 ¢,2 =2,6 o1 1a2
=1.9 =1.,1 =2.1} 4.8 1.6 =2.6 .1 b 5.8 l.d4 é 1.2 3.9 =1.0 .3 1.0 1.7 8 *el =1,1 -1.0

STANDARD DEVIATION OF CDRRELATUR OUTPUT:
3 .3 -] o7 0 1.0 1.1 «8 149 8 1.1 1.2
1.0 .8 .9 1.0 1,0 .9 o9 162 lel 1e3 2.1 1.2 o9
.6 ob o7 oh .6 S D .6 o5 b -1 .S

100.,0 PERCENI UF THE PULSES WERE GOQU
S76 rULSES WERE PRUCESSED

AVERAGE PEAK CURKELATOR UQUTPUT:=29.3 VULTS'
STANVDARY DEVIATION OF PEAK QUTPUT: 2,1

AVERAGE PEAK PUSITIONS 0

STANDARD DEVIATIUN? .0

AVERAGE OUUTPUT OF BIN NIUMBER 16 IS =2.6 VULTS

STANDAKU DEVIATION: .6

AVERAGE PEAK SIDELUBE LEVEL:=14,8 OB PSL OF AVERAGE QUTPUT:=14,0 DB
STANDARD DEVIATTUNS .8

AVERAGE INTEGRATED SIDELOBE LEVEL: =S.7 DB 1SL OF AVERAGE QUTPUT: «S.,6 DB
STANDARD DEVIATTONG .S

AVERAGE LOSS IN PRUCESSING GAIN: =,8 DB LPG OF AVERAGE QUTPUT: =.8 DB

STANDARD DEVIATTUN: b
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TABLE 11.

axvrntr HISTOGRAM REPQORT wtarang

HISTOGRAM UF PEAK (PEAK IS IN VQLTS)3

PEAK: =32 =31 =30 =29 =28 =27 =26 =25 =24 =23
UCCURENCES: 54 162 tob 54 114 12 30 18 6 te
PEAKS =10 =9 =8 =7 =6 =5 =4 <3 -2 -1

OCCURENCESS v 0 '] 0 '] 0 v '] U 9

PEAKS 12 13 14 15 16 17 1v !
OCCURENCES: 0 © 0 0 ¢ o © o 0 ¢

HISTOGRAM UF PEAK POSTTIUNS
POSITION 2 =31 =30 =29 =28 =27 =26 =25 =24 =23 =2¢
OCCURENCES? '} Y v 0 0 0 0 0 0 0

POSITION 3§ =10 =9 =8 <] =p =9 =4 «3 =2 =i
OCCURENCES: 0 0 U 0 1} 0 0 v 0 v

POSITION ¢ 11 32 13 14 15 16 17 18 19 2v
UCCURENCES: 0 0 U 0 0 Y} U 0 0 Y}

HISTOGRAM OF BIN NUMBER te (QUTPUT IS IN VULTS):

QuUIlIPUTS =32 =31 =30 =29 =24 =27 =26 =25 =24 =23
OCCURENCES:S 0 7] 0 0 i} ] ] [1] 0 v
QuTPUTS =0 =9 @8 =] ep =9 4 <3 =2 i
OCCURENCES? v 0 U 0 4 ] ] 0 372 189Y
GuTPUT S 12 13 14 15 te t/7 18 19 20 21
OCCURENCES: 0 [V] [V] 0 0 0 ] 0 v v

SAMPLE DIGITAL ANALYSIS OUTPUT.

(Continued)

=21 =20 <19 ~18 =17 <16 =15 =14 =135 =12 =1}

0 0 0 0

=20 =19 =18 =17
0 0 0 0

22 23 24 25
0

=21 =20 =19 =18 =17 <16 =15 =14 =13 =12 -1}

v % 0 0

0 0 0 0 v 0

=16 =15 =14 =13 =12 -1}

0 0 o 0o v 0
S o 7 8 9 10
6 0 v 0 0 g

26 21 28 29 30 33

0 0 v 0 0 0

0

]
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The measures peak sidelobe level (PSL), integrated sidelobe level (ISL) and loss in
processing gain (LPG) are standard measures-of-goodness for pulse compression
codes, 8 These measures are computed here on an ensemble basis in two different
ways. "Average ..." represents the process of computing each of these measures on a
pulse by pulse basis, then computing the average of these measures over the ensemble of
returns. "“... of Average" represents the process of computing the average correlator
output over the ensemble of all pulses, then computing the measures-of-goodness based
on this "average" receive pulse. The "Average Measures" or the "Measures of Average"
will be the more meaningful depending on the particular experiment being considered.
For example, for moving targets such as were utilized in the multipath-interference-
over-sea experiménts, the range gate in which the target of interest appears changes
during a run, and thus the "Average Measures" of PSL, ISL, and LPG are most meaningful
for analysis of these data. On the other hand, the ""Measures of Average" will be most
meaningful for analysis of the non-extended clutter data, since changes in position of the
peak return is due to decorrelation of the receive signal as opposed to movement in range
of the reflecting surface.

The histogram data that appear in the continuation of Table 7.1 give the actual
distributions of peak voltage, peak position, and voltage level from a particular bin over
the full range of pulses processed from the subject run. These data provide more
detailed information than the statistical summary parameters (average and standard
deviation) described earlier. During the next phase of this research, plotting routines
will be added to the analysis program so that these histograms may be graphed for more
detailed analysis.

7.3 SIGNAL-TO-NOISE DOCUMENTATION FROM FM TAPE
To support the digital data reduction, a portion of the FM data was analyzed using
Honeywell SAI-48 correlator. The horizontal and vertical amplitude channels of the FM

tape recorder were fed into the correlator, which was adjusted to produce probability
amplitude density functions. A photograph of this reduction system block diagram
appears in Figure 16.

The first step in producing comparable received amplitudes was to determine the
receiver response function. This was done for each channel for each day of data to be
analyzed. By passing the receiver amplitude calibration run (Section 4.1.3) through the
correlator, a set of amplitudes as a function of injected power were produced. An

example of a typical receiver response curve appears as Figure 17(a).
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Once the correlator amplitude had been calibrated, the data runs were processed to
produce probability amplitude density functions. An example of the data output appears
as Figure 17(b). The amplitude position of the peak of this distribution can be related to
the associated receiver response function to produce a target amplitude relative to
known injected power. In this way, the target return from a variety of data runs can be

compared directly.
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SECTION 8
PROGRAM RESULTS

The major thrusts of this program were to collect, reduce, and analyze IPAR
backscatter data from a variety of targets in various scenarios to quantify numerous
theoretically predicted properties of the IPAR system. However, these activities were
not the only program objectives. In particular, a simple but effective model of the IPAR
process, developed to aid the researchers in developing the "complex target"
experiments, led to other interesting results. In addition, the IPAR concept was
publicized to the radar community in a sequence of professional presentations. These

results are summarized in the subsections below.

8.1 DATA COLLECTION, REDUCTION, AND ANALYSIS

These efforts have been fully documented in Sections 2 through 7 of this report;

thus a summary suffices here.

Over 1,300 runs of digital and analog IPAR backscatter data were recorded. These
data were collected at four different test sites, each site being especially suited for the
experiments conducted there.

These data will provide the basis for documentation, quantification, and analysis of
IPAR's properties with respect to (1) compression on simple targets, (2) performance in a
multipath interference environment, (3)performance in a clutter environment,
(4) resolution on extended targets, and (5) compression on complex targets.

Two-thirds of the digital data have been compacted and written to computer disk,
and the capability exists for doing the same with the remaining digital and to-be-
digitized analog data. The data that have been transferred to disk have been documented
in terms of the S/N ratios at which they were collected. These data have also been
analyzed with respect to received-waveform pulse compression characteristics and
variability. Again, the capability exists for doing the same with the remaining digital
data.

8.2 MODELING AND THEORETICAL ANALYSES OF THE IPAR PROCESS

The electromagnetic propagation equations for right and left circularly polarized

transmission pulses were derived and utilized as the basis for a computer analysis of
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IPAR's response to backscatter from objects composed of two simple (dihedral or
tribedral), major reflectors in a single range resolution cell. This modeling effort
reassured the researchers that unless the two scatterers were almost identical in cross
section or the utilized threshold setting was quite high, the target would compress quite
well. These results seemed to be reproduced in the field.

While attempting to extend this model to include IPAR's response to extended
targets (major reflectors spread over more than one resolution cell in range), it was
noticed that, in fact, unless received amplitude was included as an input to the pulse
compression correlator, the process of corrélating the received signal with the filter
matched to the transmit pulse is not a linear process in range. Thus, the current system
configuration for IPAR represents a valid implementation of pulse compression coding on
polarization for a communications system or for radar astronomy (where the scenario is a
single range bin of backscatter surrounded by absence of backsecatter from surrounding
range bins). However, for most classical defense-oriented applications of radar (such as
detection of extended targets in a clutter environment), the current configuration is
inappropriate. These conclusions are based on the thesis that pulse compression
processing must be linear in i‘ange (that is, superposition must hold) to be effective when
returns are from extended targets. This thesis is explained below.

The process of pulse compression is an attempt to achieve a range resclution finer
than the natural range resolution gbtainable with a pulsed system.(7) If a radar transmit
pulse is of duration To seconds, then the backscatter from two objects separated in range
by 1/2 cTo or more will be separated in time and thus will be resolvable in range (time).
Pulse compression is achieved by modulating the transmit pulse at a bandwidth of
1/t, t© < TO, according to some code, and then compressing the radar backscatter by
passing it through a correlation filter (for many applications) matched to the transmitted
code. In response to the backscatter from a point target, the output from the matched
filter is a signal of duration 2TO with a modulation, caused by the interaction of the
coded pulse and its matched filter, whose bandwidth is 1/t. If the code is chosen
properly for pulse compression purposes, this output may look something like‘the output
depicted in Figure 18. The relatively large return between T = -t and T =1
emulates the return one would expect from a simple transmit pulse of duration [, and
it thus represents the output of the resolution cell of interest. The smaller returns found
between T = - To and T = To represent responses that would not be present if the

transmit pulse were indeed a short pulse of duration T and thus represent undesirable
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transients in the attempt to emulate the behavior of a short pulse system by transmitting

a long pulse and then pulse-compressing. These transients are known as range sidelobes.

The effects of range sidelobes, that is, the degree to which the transient responses
from one range bin affect neighboring range bins, can be predicted and computed if the
pulse compression process is linear in range. The argument for this can best be made by
referring to Figure 19. The two five bit signals depicted entering two copies of a
matched filter are identical, except that they are shown arriving delayed by three
subpulse widths (3T) with respect to each other and the latter is assumed to be twice
as strong. Assuming that these signals are being generated by two separate experiments,
the responses in each of the experiments can be depicted as the outputs from copies of
the system's matched filter, as depicted in the figure. The result is a pair of outputs that
are identical, except for the 2T delay between them. Now reconsider the two
postulated return signals on the right side of the figure. This time assume that they
actually were generated by two point scatterers separated by %c (27) units in range, SO
that they add in space as two complex signals. The result then is that a 7-bit return, as
shown in the lower right-hand corner of the figure, consisting of the complex addition of
the two signals is received and processed through the system's matched filter. The
output shown on the lower-left of the figure is the actual result of passing this
"combined" signal through the matched filter. Finally, by linearity, the response of the
matched filter to the overlapped returns is precisely the sum of the outputs of the
matched filter to the two component inputs taken separately! That is, the compressed
return from an extended target may be computed as the sum (or superposition) of the
compressed returns from each of the non-extended reflectors that make up the complex
target.

Thus, the sidelobe structure generated by any one single return occurrence can be
utilized to measure and predict the contribution of any one range cell to its neighbors,
even when the simple return is part of an extended target, as long as the pulse

compression system is linear. It follows that measures such as

PSL = Peak Sidelobe Level = “Bximum Sidelobe ;. g
Peak Signal

and

Total Power in Sidelobe in dB

ISL = Integrated Sidelobe Level = Powsr in Peak Signal
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for a single occurrence of a pulse compression code are accurate measures of the
contribution of each range bin to all of its neighboring range bins containing returns from
an extended target as long as the compression processing is linear in range.

This is, in general, not true for systems whose pulse compression processing is non-
linear in range. In particular, the current IPAR system, which does not utilize the
amplitude of the received signals in its compression processing, is an example of such a
non-linear pulse compression system. In fact, this implementation of IPAR leads to
precisely the same effects as would be encountered in a binary phase-coded pulse
compression system that did not utilize amplitude. Figure 20 represents the same
scenario as that depicted in Figure 19, except that here it is assumed that amplitude is
not taken into account in the compression process. Clearly, the principle of
superposition does not hold here for the separate compressed returns and the compression
of the extended return. Furthermore, the undesirable characteristic of "capture," where
the compressed return from the larger reflector masks the compressed return from the
smaller reflector is also present. Recall that this was not the case for the linear system
configuration.

As a result of these findings, A-IPAR, the advanced design IPAR system, is being

designed to pulse compress process on both relative phase and amplitude.

8.3 DELINEATION OF PRACTICAL APPLICATIONS

The real-world applications for which IPAR seemed to hold the most promise

determined which experiments were to be performed during the data collection
program. As a result of the consideration of applications, two research papers were
presented and published.

The potential advantages of IPAR-like processing for use in a stationary-target
identification radar system were described in a presentation at the Combat Identification
Systems Conference, 1983, and the accompanying paper, "IPAR As A Target Identifica-
tion Radar," was published in the conference proceedings.(g)

The characteristics of IPAR processing that give it unique potential in the area of
lowered probability of intercept (LPI) operation were described at a technical session of
the Microwave Systems and Technology Conference, 1983. This presentation appears in

the proceedings of this conference as, "The Intrapulse Polarization Agile Radar."(9)
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Response from an amplitude-independent pulse compression system.

Figure 20.



The earliest presentation describing the IPAR system at a professional technical
conference was the paper "Intrapulse Polarization Agile Radar,” presented at RADAR '82

and published in that conference proceedings.(m)
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SECTION 9
SUMMARY AND RECOMMENDATIONS

9.1 SUMMARY

IPAR data were generated, recorded, and partially analyzed. Twenty-two digital
tapes and 17 FM tapes of data from over 1,300 system runs were generated. Analysis of
these data will provide a basis for understanding and quantifying IPAR performance with
respect to: (1) simple targets, (2) complex targets, (3) clutter, (4) targets in clutter, and
(5) targets in multipath inter ference.

Approximately two-thirds (480 system runs) of the recorded digital data were
compacted, stored on disk, and analyzed with respect to the statistical characteristics of
the compressed returns resulting from each run. The results of this analysis have been
documented in hard copy as well as stored on disk for future analyses. Each of these
analyzed digital runs has been documented in amplitude through the reduction and
compilation of the corresponding FM data. In addition, theoretical analysis established
the need for incorporation of received amplitude information in the pulse compression
process.

The IPAR process has been officially introduced to the radar community through a
sequence of three technical presentations at professional conferences.(g’lo’ll) These
presentations not only describe the IPAR concept, but also discuss IPAR's potentials in

(9)

the areas of target identification by radar
(10)

and generation of lowered probability of

intercept (L.PI) waveforms.

9.2 RECOMMENDATIONS FOR CONTINUED RESEARCH

The efficacy of IPAR processing under various conditions has been demonstrated,

and documented IPAR perfarmance data have been generated under these conditions.
The next phase of the program should be to undertake a detailed analysis and evaluation
of these data.

The analysis will begin with reduction and digitization of the recorded FM data.
These digitized data will then be read to disk from which they can be conveniently
integrated with the collected digital data. Each set of experimental data will then
require special processing and consideration so that the particular features of interest

for those data can be extracted. The aim of the analyses will be to quantify IPAR's
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interaction with, and performance in, the various experimental scenarios documented
during the data collection program.

During the data collection, it was noticed that IPAR's response to targets was
consistently distinguishable from its response to clutter. The next phase of the program
should include development of an appropriate target/clutter discrimination algorithm and
testing of the algorithm on the collected data. This will result in quantification of
IPAR's discrimination potential.

Finally, it is believed that sufficiently much has been learned about IPAR that it is
now possible to develop a sophisticated computer model of the IPAR process which could
include (1) models of various carriers (narrowband, frequency agile, and noise) of variable
spectral width and (2) the capability to emulate the return from complex scatterers
composed of many simple objects (dihedrals, trihedrals, plates, wires, etc.) at arbitrary
orientations. Such a model would prove invaluable for probing and, therefore, enhancing

understanding of how IPAR might respond to real, highly complex objects.
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APPENDIX A

TAPE-TO-DISK TRANSFER ROUTINE
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ANGE, ALL
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ELSE 015%,000

ALL = .FALSE. 0136.,000

CALL QUTPUT (6) 0137,.000

CaLL DISKCHEKR (IRuUNAR, lureC, 1, 1ERY) vl3s,.vuu

IF (LERT .EQ., 22) VHEN V139,000

ERROR = .TRUE. vid4o,000

IRl = 0 0141.0u00

ENU LF ulde, o0

ERND IF vid3s.000

ENv LF 0law, 000

ELSE 0145,000

IF (wSIAIC .NE. 15) THEN 0146,000

IERK = 10 V147,000

IK'INB = TRUNE = 0 0148,000

cALL OUTPUT (&) 0143.000

ELSE V150,000

ERRUR = ,TRUE. 0151.000

Eno IF uis2.0u0

EnwD IF 0155,000
EnD LF Viv4,000
IF (ExnOR) GU TG 100 Ul155,0v0
HNEWNRANBE = .FALSE, V156,000
RETUKN 0157.000
FORMAT(/A1,YENTER> START AND STUP RUN nNUMBERS I INTEGER Y, 2158.000

VEORMAT' /9%, " LERTER 9999 FOK BUTH TU PRUCESS ALL KUNS ON ',U159,000

YTHE TAPE}'/6X,'>

'THE REST nF JHE TAPE')

END

SUBRUUTINE DUMPNATA (IVREC, IDKEC, ITimE, [RUNs FRF,

AR KN AR AN AR AR AR A XA A A Ak Ak kA kX kkKk

* *
L SUBROUTINE DUMPDATA *
* *

ttllti'tltit*iitit**ltttlt"t*
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NOIN=POSIFIVE VALUE FUR EITHER

Tu SKIP ',0160.,000
Ulbl.000
Ulbe2,0u0,
0i63,000
Olo4,000
IDRANCH, JERK)U165,000
V66,000
Vib7.000
Vled,.v00
viey,vuv
V170,000
V171,0v0



Cannn
Canan

OO0

COMMUN 7/ TKNDATA /7 NTAPES , NRUNS NRUNSEN

NRUN

» [ »
1] NRUNERR , NTRECS » NINKECSER, WNTREC ’
& HNTRECERR, WDKRECS » ~NOFECSER, NIWEC ’
NORECERR, wTAPEN s NRUND » NRUNUE ’
L] NSBEGIN s WEND » NKUGIM  , NDRWE
IF (ITREC .6i. 0) THEN
CALL SwWITCH
CaLL 3NUFFLE (IERK)
IF (IERR JFG, 12) THEW
WTRECEKR = NIRECERR + 1
ELSE IF (IFKR .EQ. 2) THEW
ATRFEL = WNTREC + ) .
CatL ThANSFER (ITREC, IDREC, IRUN, IERK)
END 1F i
ELSE
IERR = 11
CALL QuiPuT (19)
EnD IF )
CaLL DATACHEK (JIREC, IDNEC, ITIME, IRUN, FRF, IURANCH, IEKR)
RE TUKRN
END
SUBRUUTINE NDUMPHENR (IDREC, IRUN, PrF, JERK )
AR N AR AR AN R AN A RN AN AN ARAR AN AN
* *
* SUBKOUTINE LDUMPHEUR L]
* *
RANAN A AR AN A RN AR AR AN AN AR AN AR AR
LUGICAL IwWUEUF, NWENRANGE, ALL
COMMUN 7 DATA / IHDR4(3), IRUFD(2o6)
COMMUN / TUIINTIY 7 NTAP, NSLO, NHUK, nUlA
CUMMUN 7/ DVvSIAY 7 WSTATT, WSTATW, NSTATH, NSVATD, NSTATC, NSVATL,
& NSTATHO, HSTATUD, WBTAIHC, WSTATOUC, NMUUNT,
& NOSANT
CUMMUM / TRDATA /7 WNTAPES » NRUNS » NHUNSEKR » nRUN ’
& NRUNERR , WTRECS , NIRELSER, NTREC ’
& NIRECENR,» NDKECS ’ NUNtCSFH. nDREC ’
& WDORECERRR, ~NTAPEN s NrUND » NRUNE ’
& NBEGIN  , NEND s NKUWIEM , NDRAE
COMMUN 7/ MISC / CTIMENR, CTIMEA, PLSPTREC, PLSPUREC, TwUEOF,
& NEARANGE, ALL, MIlrt($), «UATELST, NKULL, BELL
COMMUN /7 DIRECT 7 NOIR (1400,2) )
WRITE (NAPk, “eC = IRUN, TUSTAT = wsSTAaln) LHUR4, NBEGIN, IOREC

IF- (WSTATW .ktfn., V) THEN
NENU = IDREC

NDIR(LRUM, 1) = MBEGIN

NUOIKR (IRUN, 2) = NEND

NrUN S NRUN + 1

MUKREC = WDRFC + (JDKEC - NUEGLIN + 1)

CYIMEA = FLUAT(HEND = NOEGIw + 1) = PLOUPDREC / PKF

CALL vulPUT (20)
NBEGIN = NEWD + )
ELSE
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Vi7¢.00U
LI75.000
Vi74.000
Vi75.Vv0
V1/7b.0V0L
ulil Vug
Vl/8.0v0
VITY9.0u0
VlolLa.0UV
Ulbl.0uV
Vibel,0V0
Vlos5.000
Vigd,vuo0
Vlbb.0v0
vlso. 000
0187.0v0
V188,000
Viv9.0vy
0190.000
V191,000
V192,009
0193%,.000
V194,000
V199,000
V196,000
V197,000
Vi98.00v
4199,000
02V, u0Y
Veévl.ouo
0202,000
0203.,000
VEv4,0uvv
vevS.uuu
02Vb, 00V
02u7.000
02vd,. UL
V2u9,0u0
¢G210,000
0211.000
V212,000
V215,000
v2ld,. 000
veLYs. 000
U2l0.000
V2l7.0u0
Ueal18.0u0
0219.0v0
U2eV. 00
02¢1.000
veée.ouv
0223.000
ved4.vuy
v2a2s.uuu
Vedb VUV
0227.00¢0
0228,000



Chhxx
Chrxhxx
Cxxxx
Crxhxx

o000

100

@ o<

@ x 0c x

&

&
&

1ERK = 7
JUREC = NEND
NRUNWEKR =
NDReC = v
ClIngEa = v,

CALL oulPuT (¢
END IF
RETURN
EinO

NRIINERR + 3.

1)

SUBRUUTIWE TAPETINTIT (ITAPEN, IUREC, Itkik)

AKX RN KRR AR KRR R AR ARKA R AR RN AR K

*

x

* SURROUTINE TAPELINLT *

*
LSRR 2]

LOGICAL TWUEOF, NEwWRANGE, ALL, ERRUR
CUMMUN / DVSTAI / WSTATT, NSTAlwW, NSTATH, NS!ATD: NSTATCs NS1ATI,
NSTATRU, NSTATOD, NOTAITHC, NSTATDC, WMUUNT,
WDSUNT
CUMMUIN / TRDATA / NTAPES , WNRUNS s NRUNSER , WRUN ’
WNRUNERR , WTRECS o, NTReCStR, NIREC ’
NTRECERR, NDKELS  » WURECSER, OKEC ’
NORECERRs WTAPEN » iWHUKD s NRUNE v
N3EGIN o NEND ¢ NKUNTA  , NDKXWE
CumMMOUN 7 MISC / CrIvwEr, CTIMEA, PLOPTIRELC, PLSPUREC, TWUEUF,
NEWRANGE, ALL, M1IME(3), 4vAYTEl3), NKROLL, bELL
CuMMDw 7/ DL1SK / NSIMEUKR, NSZLaTa, NoPSCIr, NBPHREC, NBPUREC,
N3PPLSE, RHSPACE, NRMHtUr, RDSMACE, NRMOATA,
NRMPLSE
IF (NTAPES .tQe V) THEN
CUNTIwUE
EXRUR = _FALSE, )
WRITE ('ul', 30v, JusTal = WSTAIC) sdelLlL
IF (MSTATL .Fu, 0} IHEN
KEAD ('UT*', x, TUSTAT = nNSTAIC) LlUREL
IF (nSTalc .EQ. U) THENW
1F (JurtC 6T, v) THEN
CALL NISKCHEK (0, IDREC, <. ItnR{
NBEGIN = TDREC {
NEND = IDREC - 1}
PLSPUREC = FLOAT{NBPDREC) / FLUA) (H3FPLSE)
ELSE
ERRNR = ,TKUE,
EWD IF
ELSE
IF (NSTATC L.nE. 15) THENW
IFKR = 10
IDREC = 0
1TAPEN = U
CALL OQUTPUT ()
ELSE

*
AXRXRA AR AR R R AR R KRR KRR
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vees.vuo
Vesu.uvY
Vesl.uvo
Vese.ovo
023535.0vv
vesd,.0uu
uesh.auo
ves6,0u0
vVes7.uuy
V238,000
ves9.vvd
V24t 000
vadl,vv
0242.000
veds.uvo
uedd, vy
G2ud,uu0
uedb ., 000
vesz.o0uu
02u48.000
Ue«9.0uv
025%0.0v0
Vestl.uoo
vase.uvu
uess.vuu
V2s54.,0uv
255,000
vese6 ., vy
Ves7.00v
Vest.ouy
Ves9.uV0
Uebu. VLY
veel.uuu
0eb2.VUD
vueo 3, vuu
Vlo4, V0V
vV2eS.VL0
Uebo.UVUD
0ee7.0u0
Jv2od.uuo0
0269.0v0
vetu. vy
0271.0v0
e72.uvu
Vel s.0u0
V274,000
0275,000
0276,000
verT.uul
eTs, 000
0279,000
u2bu.0u0
ueel.00V0
ves2.uvuu
veos.0uy
veBL4,vLY
V25,0V 0



ERKNR = ,TRUE,
END IF

END IF
ELSE

LERR =

INDREC [\l

I7apen 0

CALL ouTtPul (3)
END IF
IF (EXRUR) 4D TO 100

EnD [F

Hue

IF (W4STAIC .£0. v .AnD, IERR NE. 23) IHEN

200 CUNTIupt
ERRUR = .FaLSE.

WRITE ('ul', 400, IOSTAT

IF (NSTATC JEu, 0) THER

READ (*uT', =, TOSTAT

TERK
NKIN
NTREC
NDREC
NIAPEN

NRUNERR
nTRECERR
NORECERR
ITAPEN =

IF (TTAPEN .50, 0)
NOEGIN

INKEL
WRUMIM
NYAPES
RO L
[WUEUF

-1

"o uun

EnD IF
ELSE

1F (MSTATC «HWE. 13) ThEw

Ievk = 10U
ITAPEN =2 O

CaLL NuiPul (2)

ELSE
ERRO/ T .TKRUE,
END IF
EMy IF
ELSE
1ExkR = 9
I1TAPEY = O
CALL OutrPul (3)
END IF
IF (EKRUR) 60 TU 200
END IF
RETURN

200 FORMAT (/7A1,"EMIER> KECLORQ NUMBER UF UVDISK FILE <UATA> Al
& 1,1 THE DAYA TRAWSFER 1S 10 vEGIM

NTAPES
NSTATT
ALL = HEwkANGE =
CALL QUTPOY (S)

= wSTATC) diELL,

= NSIATC) lTAPeW
IF (nSTAIC Ed. 0) THEN
2

0
0
0
MAX

THEN

+ 1
=0

400 FORMAT(/7A1,ENTER>  mDUNT A wEW

& ' TAPE 1) WJUABER WHEN REaLY'"/

13 Ixe? (TAE PREVIUUS T4APE 1D wUMBER I5',15,%') '/
[ 1Xe* > wWON=PDSIIIVE VALUE Tu STUP PROCESSINLY)
END

SUBRUUTINE RUNITEHE (KTIME,

PXF,

89

v (ITaPenN, o)

et ALSE .

FAPE AND ENIER

[Timg,

NTAPEN

V2bb.Uul
V2ol .00v
VRB8.U0Y
Jen9.000
V290. 000
veyl.ouv
veYea.uio
u293,0u0
veYyd.vun
veYsS.vuvY
0Eve .0V
V297,000
V290,000
V2YY.0uv0
0300.000
03u1,.,000
vive.ouy
0A03,0u0
V304,000
0305.0v0
V306,000
0307.000
0303,.000
vw309,0v0
0sl0.0v0
V311,000
v312.000
0313.000
vusl4,000
0315.000
U3le.0u0
V317,000
0318.000
019,000
V320,000
v3ci.uvo
0322.000
0323,000
V324,000
0325.,000
05¢b6.,000
V327,000
V528,000
u329,00¢0
0330,.,000
v331.0v0
V352,000
V333,000,
Us34.,000
0335.000
03356.000
U337 .000
[EXT NIV
V339,000
0340.000
0s43.,000
v342.0V0



C KA KRR KRR A RRRARN AR AR AANRRRRRRRNRR KRR Usus.,0L0
c * * V344,000
c * SUBROUTINE RUNTIME * Usab,uuo
C * * vs46,0u0
[ AARRRA KRN RRRRRNRRARNANR AR A AR KRR vial 000
C . U348.000
LUOGICAL VWUEUF, WEWRANGE, ALL, EnRUk v3d49.0u0
COMMUN / pVSTIAT 7 NSI1ALT, @SIATW, wSTAIH, NS1ATu, wNSTATC, N3IALL, U3SUV.ULY

& WSTATHO, NOSTATUN, wdTATHC, WwSIATUC, NMUUNT, u3s1.uul

& NDOMNT v3v2.4Lu0
COMMUN /7 MISC /7 CIIMER, CVIMEA, PLSPIKEL, PLSPUREC, INVEUF, uss3,uuy

& NENRANGE, ALL, MTimc(38), «wuaATEL3), wWrULL, bELL v354.00v

100 CUNTINUE : Uso5. 000
ERRUR = _FALSE. U3SSb.0uL

WRITE ('UT', 2v0s, LUSTAT = MNSTATC) dclLL, 1RuUW V357,000

IF (NSTAIC .wEe. V) THEN V558,000

IERR = 9 LS59.000

ClIMER = RTIME = 0, V30.0U0

I(IME = 0 V3bl.LL0

CALL uyTrPuT (3) V362.000

ELSE V363,000

READ ('UT', =x, JIOSTAT = WNSTATC) RTLIME VS64,000

IF {(NSTATL o Fu, V) THEN V309,000

RTIME = AvMAX1 (KTLIME, G.) Useb.LUV

CTIvER = RITME V367,900

ITIME = INT (RTLIME = PRF /7 PLSFTREC) V38,000

LF (RTIME 57T, 9.) THEw U369.000

CALL uuTpPur (e%) V370,000

LLSE 0371 .00v

CALL OnfipPUYT (34) Us72.000

CALL SKFPFRSET (LlERR) 0s575.,000

Env IF V374,000

ELSE v3/5.,0uv0

IF (WSTAIC NE. 32) THEN us76.,000

JERK = 10 U377.000

ClIMER = RTIME = 0, V3/B.0u0

IVIHME = v 0379.0u0

cAaLL uvOlTPuT (2) V380,000

ELSE V551,000

EXRUR = ,IRUE. KT Y- 3T

END LF 03683.000

EnD 1F V584,000

END LF V389,000

IF (ERROR) 5U 10 100 u3bse.000

. RETHRN V387000
cuo FORMAT(/A1,"EHNIEK> NUMBER OF SECONDS UF UATA TQ PROCESS FUKR', 0388.000
& YORIN NUMBER', I5/76X,'> NON=PUSLITIVE VALUE JU SKIP THE '0369,0U0

& TRUNY) V39u.000

EnD V391.000°
FUNCTTIUN NBRANCH (IERK) 0592.000

[ V593,000
c - . ARARAXA RN AN ANKXRRKAANRARARANANNRRNR AN 0594-000
c ’ * * U399.000
C * FUMCTLION NBRANCH * V3964000
[ * * V597,000
C AAARARARARKERANARANANRNNNR AN AN AR ARR V398,000
c 0399.000

90



*® xQ tx

&

&

Can

OO0

Coasnn
Canan
Conan
Cusnn
Caanwn

&
L]

Cennn

Coaan

LOGICAL IWUEUF, NEWRANLE, ALL
CuMMUN / TKDATA /7 WNTAPES , wRUNS ¢ WRUNSER , WRUN
NRUNERR , TIKECS s WIREL3Ew, NTREC
WIRECEKR, NDKELS , WNUkECSER, NHKEC
NDOKECEKR, NTYAPEN , NRUIW s WRUNE
NBEGIN 4 NEnD ¢ RUGTE , NORAE
CuMMUL, / MiSC / CYlMen, CliMeA, PLSPIncl, FLSPUREC, IAUEUF,
WERRANGE, ALL, M11rE(S), MUATEL3), WNKROLL, BELL
IF (UTERR .Gk, 1 anD, lEKR LE. 4} JuH,
(leRK JGRE, 11 .AHU. JERR .LE. 1bJ)) idth
IF (NCWHAWGRE) THEN
WBRANCA = ¢
ELSE
NBRANCH = 3§
.END IF
IF (I€RK .ME. 3) FTHEN
CALL SKPFRSEI (ItRr)
IF (IERR .tRQ. 6) NIRANCH = |
EnD IF
IF (IERK .NE, 6) IERR = 2
ELSE IF (IERK Eb. =2 .OR, TERR .EU. ©) hien
NURANMCH = 1 ’
ELSE
NBRANCH = 0
EnV IF
KETURN
END

-« % w =

SUSROUVTINE TRANSFEX (ITREC, IUNKEL, 1RUN, LeRK}

I RS2 223 RS 22222 SRR R )

4 4
* SUBKOUTINKE IRANSFeR *
4 4

(22228 RERERRRRRERER AR RRRRRER 2D

SUBRUOUTINE ThA.USFER
THIS SUBKQUTYINE CONVERTS I 18PE rECURUS TO 4 DISC KECORDS
AND DUMPS THE NEW wECURDS 10 THE 215C PaCh,
THE RECOKD SI2ES AKE CHANGED YU PENmMLIl EASIER STUukAGL,.
48 TAPE WECORDS = 04 DISC RECORUS = o4 ScCYUR3 0N THE vilSC,

COMMUK / DATA / IHR4(3), lduFuicSal
CUMMUN 7/ TG / uTAP, NSLO, wWHUR, nNUTA
CUMMUN / DVSITIAT 7 waiaTrl, NSTATW, nSTATH, Nw3TATD, NSTATC, NSIATI,

NSIATHU, NSTATUO, wOIATHC, wSTATUC, NMOUNT,
NDSMNTY
DIMENSION IRTEMP (128), Id0uT(192)
N = 10V (IIREC = 1, ) + 1

IRANSFER FIROY FILE AND STOREL EXCESS.
IF (W4 «Ew, 1) THEN
DO 1 = 1, 192
1Bunl (1) = IsufFn(l)
IF (I oLE. 64} YoTeMP (L) = IdukULL + 1Y)
END DU
#wRIIE (nWDIla, REC = LUKEC, TOSTAT = wS1al12) 13Udl
THANSFER EXCESS ANy FILL SECuUNU FILk, SVUKE EXCEDS,
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V4uu.uuo
[V RV BT RVY]
V4uca.uvo
vaus,0uv
Vduda ,0uu
vdub,0uo
V406,000
vau7,0uv
V48, VUV
vauY.uuu
Jydlu,vu0u
v4l1l.0v0
vdle, 000
va1s5,000
04l4,000
vdiv.uuvy
Va16,000
vdll.o00
V418,000
V419,000
Q4c0.,0y0
V421,000
04¢ee.,0vo
V423, vuo
vdca,v00
vdedS, 0V
vudle L, uo
vde7 0u0
vdeb, 000
(VY4 R XTL0]
Va30,0v0
V431,000
vas2.0u0
va3s5,0uu
V434,000
Jass5,uuv
Jd56.000
0437.000
0d38.n00
Vus39,0u0
V4a0,uu0
V441,000
V442,000
Q4435,0u0
vda4.,000
V445,000
Vi4d4b, VU0
Y447 ,0V0
VaEB VU0
V449,000
U450,V u0
ud4s1 . 00u
v452,.0u0
vass,oov
9454 ,000
U4995,0v0
V456,000



Crxxxx

Cerxx

Chaxx

Cranx
Crxnxx

o000 0

Crxkx
Caxaxn
Chrnx
Carhnx
Cxx

ELSE IF (N .ED. 2) THEW
bu L = 1, b4
IROBT (1) = IsTEAP (1)
Eny DU
Du J = 1, 128
IBupT(J + v4) = 1auFL(J)
LRIEMP(J) = L3uFp(J + 128)
END DU
WRILE (whla, REC = LOKEC, 1uSlal = wSTATH) 13LyT
TRANSFEK EXCESS AND FILL THIRND FILE, STuKt EXCESS.
ELSE IF (N .EQ. %) THEN
DU 1 =1, 128
IBUPT(I) = InTEAP (1)
IF (I JLE. 64) [BUUT(I + 12s)
EnND DU
WRITE (NDTA, KEC = IDREC, IUSIAT = NSTATD) lavyl
TRANSFER EXCESd {0 FUUKTH FILE.
IDREC = ILREC + 1
CALL UISKCHEK (IRUN, IDKEC, 2, lEkK)
IF (IERR oME. 23) THEWN '
o J =1, 192
IBOUT(J) = IBUFD{J + 64)
END U0
WRITE (NUTA, REC = [UREC, L0SIAL = nSTATD) IBOUT
EnD IF
EnDp IF
ERROKR CHECK
IF {(nwSTATD JnFe V) THENW
IERR = §
NUKWE = lLwcC
NURECERR = NPRFCERR + 1
CALL uyTPUT (18)
EwD 1F
RETURN
END

IsUFD (i)

SUBRUUTINE SwITCH

RAR R XA R ARAAR AR R KR ANRKRNRRRARRAR
* *
* SUBRROUTLIVYE SvwITCH *
* *
AAE AR R RN AR R RR AR R RRARRR AR AR R AR

THAIS SUBKOUTINE SWITYCHES THE BYTES IN A WuRD.
TRE GYIES LI A WURD ARE Il THE OKDER 4,3,2,1.
THIS SUBRQUTIME NFARANGES THEM TU 1,¢2r5,4.
THIS MAKES TnE WURDS EASIER TO WUKRK WlTh.

CUMMUN / DATA / lrAurRd(3), LBUFU(256)

- INTEWERX] 1RHYTE(1024), IvTwmP

EQUIVALENCE (TolbN,lBYTE)
IpTMpP = 0
bo 1 =1, 1024, 4
I3TMP = TOYIFL(I)
IoYlg(1) = IRAYTE(L + 3)
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V457 .0ul
vast.uvu
V459, VUY
vd4ov.V0ul
vdbla.ovo

S Vvhedl. U0

Jabs.000
Ldod ,0VLY
VdoD. VLY
Vdb6.V00
D40/ .000
daoba0UL
04693.000
Q470,000
V471,000
Ud72.000
V473,000
Q474,000
0V475.000
V476,000
v477.90v0
V478.00V0
va73,.000
Vd8u,.000
vudBl,000
vas2. 00
0483,000
04084.000
v485,.00u
Ydpb 000
V4o7.000
V488,000
V489,000
Ja90,000
0491,000
492,000
V495,000
V494,000
0495,000
véYo,0V0
0497 ,0v0
0498,000
0499 ,000
500,000
0HV1,000
U502.vV0
05v3,000
VSV4,LU0
0505,.,000
05u6,.,000
0507,000
0508,000
05vu9,.0L0
Uslv,.Uvo
uSlit,ou0
vole.vvu
0513.00¢0



Chaknn
Chrxan

(s RN sNsEelg

Crxun
Chxkn
Coaxxwn
Chiun
Crnnx
Craxn
Caxun
Chanx
Chxun
Chknx
Coannn
(o 2

Crunx

Cruan

JUYIE(I*3) = IRTMP
IsYiP = TOYIE(T + 1)
JUYIE(T + 1) = IsYIE(L + <)
ISY(E(L + 2) I8 1qp

End 0O

KETIHKN

[ 1Y)

SQUDRODUTIWE SIIIFFLE (LEKR)

I F 3 2882222222222 223232222 2 2 0

x *
L] SHUBROUVTINE SHUFFLE *
* *

AARANRNA AR AR RN A RN AANNNNAREAN AR A AN

THLS SUBROUTINE "SHUFFLES™ Tv0 WOURDS BY [JARING THE FIRSI

BII UF TwQ wWURDS AND MAKING THEM THE FIxST AwD SECUND UF

A HEW wOrRD AND SU UM, UNTIL THERE ARE 1nU NEw SHUFFLED SURDS.
THE RAA DATA IS FURMATTED AS FOLLOAS:E

A=REC,B=NEC )A=KFC,3=KECIETC. .

WHERE EACH PATK (A=-REC,H5=REC) 1S CumPUSEDL UF 8 BYTES OR

ONE PULSE, THIS SUIKLUTINE KECOmBINES £ALH PVALR InTU

THE YHUFFLED FURM DESCRIGFD Aslve., THE SuoPLUBE CUued

Can FHEN RE COMPAIREU aNu A FUOLARIZATLIUN VALUE DETERMULINED,

bUF THIS OQCCURYS IN ANDIHER PROGRAAS

CUMMUN /7 DATA /7 1Hxua(3), [8UFU(£56)
DU J = 1,2%6.2
ISTUA = 0

[~

JTEMPZ
Iuuma = TBIFDLJ)
IDUMB = IBIFD (S + 1)
IF (JERR .WE, 12) THEN
BEGIN SHUFFLE UF FIRST A~URD,
06 1T = .10
ISTUA = [BI(F(JUUMA, L=1, 1, [EKR)
ISTuR = IvlIF(luumB, I=1, 1, lERk)
If (JERR NE, 12)
TTEMPL = ISHFI(ISTUA,22l«1)+L3Hr I (ISTUH,2*(1=1))+]1IEMP]
enNL v
EWp IF
IF (IkRer oNE, 12) THER
BEvIW SHUFFLE UF SECURU «“OKD.
bp 1 = 17,52
I3Tua = TollFLIVIMA, I-1, 1, lEWkK)
IS8TUK = TLITF (fuunBe 1=, 1, IERK)
IF (TERKR JiE, 12)
TIEMPE = ISHFI(1S104,22al1=16)=~1)+ISnFT (1ST04,2xLI=17))
+ Itei
£n0 LA
EdD IF
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UD14,000
Ual5,.0vu
USlo.luy
uo17.000
Uol8.000
u9l19.uv0
v52U. UV
unel.uuo
vsdR. v
vdes.0uL
udcd UOU
uses. v
U52o.000
0527,000
useB.vuo
YBEd. 00y
us30.0u0
09351.000
0552.0u0
Vaids.uuu
Un34.000
V5395,000
v536.000
0o37,000
UH38. 000
Un39.,000
9540.00¢C
Uv41,.,000
vS42,000
us43.000
044,000
us4s,0u0
uhdb,000
0947.000
0948.00V0
u%49.,.0u0
V95u.0u0
051,000
0992.000
U553.000
V9S4, 0v0
U555.000
09S6.0u0
0957 .00
0556.00¢
0559.000
0960.0v0
0561.000
0562.000°
0565.000
V04,000
vS65.000
USbb,UUU
0507 .Uv0
US68.000
0%09.000
0570.000



(g
»
»
»
»

CTOO00O0OO0O0O0

o000 0

&
&

IF (IcRK ME, 12) THEN
IBUFD(J ) = NOT(ITEMPIL)
IAUFL(J+1) = NUTULIITENMPZ)
En IF
END LO
IF (lERR Ltd. 12) CALL QUIPUT W1T7)
REVTURN
Env

FUNCTIUN NTAPECHK (EufF, IFILE, IERK)

RARRKAK AR AR AR ARAAAKRRRRRXRRARNKRRR

= . *
* FAMICTIUN WTAPECHR *
® X

Rk R KR AN R R AR AR AR AR ARRRRRRRRA R XK

LOGICAL ¢€qF

CUMMUN / JUUNIT / BTAP, NSLN, MHUR, NOTA
CUMMUN / DVSTAT 7/ NSEATT, WSTATvi, NSTAlH,
NSTATHU, NSTATULO, NSTATHC,

HDSMNT
IF (1FILE .EW, 0) IHEi

IF (EUF) THEN

NTAPECHK =

CALL OQuTPULl (2b)
ELSE

NWTAPECHK = 3

EOF = ,THUE,

CALL QUTrIIT (e7)

EnD IF
ELSE
NTAPECHK = ]
End IF
IF (IExR _EfN. 3) JerRk = 2
RETUKRN

EnD
SUBRUUIINE SKPFROFI ([ExK)

KA P ARARAKRKA AR AR AR AR N AR AR AR AR kAR

* x
* SURKNUTINE SKPFKSET *
* *

KA R R R AR AR AR R AR KR ARA R kR R AR K

CUMMON / TUUNIT / wTAP, NSLO, NHUR, NDTA
CumMMun /7 DVSTAT / wsSTATT, wSTalw, NSTATH,
MSTATHO, NSTATLO, wNOTATHC,

NDSHNT

IERS = IERR
SKIPFILE (NTAP, IOSTAl = NSTATT)
CaLL STATuS (MTAP, TerRk, IBYIE)
IF (LEKR .nwEe 5) THEN

[tR = 6

CALL vuTPUT (14)
ELSE

ItRx = IEKS
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NSVTATD,

NSTATD,

NSTATLC,

NSTATOC,

NSTATC,

NSTATC,

NMUUNT ..

NAUUNT

NSTATI,

NSTATI,

09/1.00u
vale.0ut
us73.0vv
vo7d,ulv
uals.0vo
0S76.0V0
usT1l.0v0
0978b,00v
579,000
U580, 0VL
UDael.0U0
Voo VV0u
uSB3. UL
0o84,.000
05859.000
0506.000
U967 000
Ub88,0V0
Us89,.00u
uS9L.0V0
0991,000
U592.000
05935,000
0994 .,000
0595,00v
09596.000
US97.0v0
US98, 00
0599 ,000
velbiu,000
06Vl ,.000
voue,vudo
Un05,000
0604,000
UbyUS, 00
Voub, 000
VU7 .Uu0
Gev8, 000
Yol9.0uy
VblU,00V0
Ubll.,UuY
Ubl2.000
veli.vuy
ubl4,000
Ubl15.,000
Volb.000
Vol7.000
0618.000
V619,000
Vb2, VLY
ubll,.0vo
06e2 V00

V623,000

veed, 0Ll
ubBeS. 00
vocb.0uv
vbe7.uv0



[sEzEsEsEzEzXp

C»

C»
C»
C»
C»
C»
C»
C»
C»
C»
C»
Cw
C»

[

s

ENO UF

HETURN

E6D .

SUSRUUTINE HORUEC (INUNd, IRUNE, IKUN, PRrEs LURE

AN AR ANAN AN A A ANR A AN N AR AN RN AR

- . -
. SubRuUyl INE HURULEL *
- *

RARRANN AN ARANN N NN ANARANAN AN N AR

THIS SUAKNLTLINE UVECOUVES I1HE FIRSY wcCURL Ul Int 3PAR DIGITAL

A 12=3YTt IDENVIFIER RECUNU, INTu THE FULLUWING
BYTES t= 3 BCU=FOrRMAT FILE LuknTirIER
3YTE 4 BCU=FORMAT RUN NUMBER
RYTES 5= o IPAR SIATUS vATA
AYTes a=-1¢2 A=rREFERENCE UATA

THAE LPAR STAVTUS DATA IS DECOVEV BY a SErAkalt Ku

THE FILE HEAUER LKWFOR4ATION IS ODUTPUT TO THE USE

1ER, 13 REVURNED AS rOLLOANS:

NU ERROR

W R e
" un

ENR=NF~-FILE ENCUUNTERED

INTESER~1 IMURL{12), LASCLI(6)» ITEMPL, I1E«PH,

CRARACIER®2 KNCHAR

LUGICAL 1wUEUF, NEWRAKGE, ALL, SKIP

CUOMMUN s DATA / 1HUR4(3), LBUFU(Z56)

COMMUN 7/ TUUNTIT 7/ NTAP, ASLO» NHUR, NUILA

CUMMUN /7 THDATA 7/ NIAPES , NRUND y WRUMSEK
NRUNERX o NTRECS » NIKECSER,
NTRECERR, WDRELS » BURECSEK,
MDRECEXRR, NTAPEN , NRUND ’
wdEG LY o NEND » NRUNIM

CUAMUN 7 DVSTAY / wSTATT, nNSTATw, nsTAYH, wNsiAlD
NSTATHU, NSTATUQs NOTAIRL, hOV
NDOMRT

CumMMUN 7 MISC / CTIMER, CTInkA» PLOSPTREL, FLSP
WENRANGE, ALL, MTIMEls), MLATE

CUMMUN /7 RnnIAS /7 Llnlad{iyv)

EQUIVALENCE (TRnDK1, JHOR4)

VDATA MASK, TbCLAD /7 X'OF', XxX'30' /

CoaxxnarIN NUMBER

1TEMPL = JAND (IhDR1(4), 4ASK) + I18CUAS

ITEMPH = ISHFT(THORI(4), =4) + I18CLAS

WRITE (RNCHAR, '(2A1)',10STAT = nN§TAlLl) IVewpPn,
NREAD (RNCHAW, *{12)', IUSTAT = NSTATLJ) IRUN

IF (NSTAV]D .nEe V) THEN

IERw = 13

IRUn = 0

caLL oyTPUT (10Q)

ELSE

IF (It oL1. 0) THERN
Ien = 13
CaLL ouTPul (10)

ELSE

95

L, IEr)

ParAamETERSS

TAPE,

UTINE, SVAODEC,

R, AN ERROR CuUbDE,

18CDAS, MASK

WRUN

NTREC
wREC
NRUNE
NURWE

- . ww

» NSTATC, wNSIATI,

RAD DATA UR INCORNECY FUNMAT FOR SPECIFLEU WECUKOD

AYDC, RMUUNT,

VREC, TWUEOF,

(3), WNxULL,

LTEMPL

BELL

vubcb.0u0
Uné9.uvl
0630,0u0
un3l,.uvo
vosé.luu
VoS5.V00
Gosd4,000
vo3b.uuu
vo 36,0V
0637 00U
0e38.000v
Vos9.000
D64V OVD
vedl.ub0
0o4d2.000
Vod3,000
Vo4d,000
Vo9, 000
vedb,.NULG
ved7.000
vodg,0V0
OQod49.,000
VoS0, 000V
UpS1,000
vo32.000
0653,000
0o54,000
voS59.0uQ
0696 .0uY
UedS7.000
VbS8 .00
0659.000
060000
0b61.000
le62.000
bob3.00U
vobd U000
QebS5,.u00
Vopb.0V0
Vob7.,000
vobd .00V
669,000
usTuavo
Ve71.0u0
ve72.000
0o73.000
0b74,00Q
Vb75.000
06764,000
vo77.0V0
Vo78,.000
V79,000
Vo8V ,uu0
Vbbl U0
vovld. 00
Vbb3.000
ubold.000



IRUN = TRitv + 1BIAS(NTAPEN) + NRULL*®10U
IF (LRUN LT, NRUNTNM) THEN

IRUN = 1RIIN + 100

NROLL = nNROLL + 1

END IF
IF (IRuUM _(LE. U) THEM
Tek = 13
CALL unipPyT (1v)
ELOE

CALL UTSKCHEX (IRUN, LlDKEC, 1, lew)
IF LIER .wE. 22) THEWN
NRuUMIM = IRUN

1F (LTRUNJGE IKUNA _AND. IRDNSLE«IKUNE) LOK.

vosd.0ut
Uboo.VuULl
Vot / suuu
ubbBd VLD
069,000
Ub%u.vuY
voyl,hov
ubY2.0ul
ub93.000
Vb9d  Uu0
Ub9YS,uv
veY6.00LU

THENUDLYT LUV

SKRIP = LFALSE. U698, 000
CALL HDRFIX (IRUN, liukd(l)) veYY ., DU

CrxxxxxF [LE HEAVER VI00.0V0
CALL uUNPACK (IHURL, TASC1l1l) u7ul,.0uL

WhITE (N3LO» 50, 10STAL = WSTATw) (IAaSClItI),l=l,6)uv702.00V

WRYTE (NSLO, 35, LDSTAL = ndOFATH) IRUN 07VU3s,0u0

ELSE V704,000

SKIF = .TnyuE. 07US.000

END IF v706,0u0

EnD TF V707,000

ENV IF v7vd,.0U0

END IF u7u9 .00V

EnND LF V71v.000

IF (IER .Eu, 13) NKRIUNERR = NRUNERR + 1 0711,0uC

IF (IER ME. 1S5 .AND. JEK oNEe 22 AU, o014 (S5K1P)) THEN vlil2,.,u00
CaxxxxxQJHER PAKAMEIEKS v/l1s,0v0
CrxaxxxRE-ORNER RYTLS vlld,uve
IOFF = 4 u715,.0uv

GO JJ = 1., ¢ 0716.000

Lo I1 = 1, 2 vll17.0u0

ITEMPL = ThDPR1CIUOFF+IT) u71B8.0U0
IHURL(IOFF+T1l) = L1HOKIUJUFF+>=11) U71vY,000

LHUOR1 (INFF+5=-11) = JTEMPL 0720 .0u0

END DU ul2l.ouu

IOFF = TUFF+d 07¢2.000

END Du v/es.000

CALL STAUVEC (IHUR4(2), FRrRF, IcRk) 0724, 0uL
Caxxaxp=nFEFERENCE LATA 07¢H.vuv
WrRITE (NSLD, 40, LOSTAT = NSTATw) (Inmukl(l), I = 9, v726b,000

Eivu IF uie7.0uu
RETURN V7eB,vuo
CaxnaxxFOURMAT STATEMENTS: 0729.,000
30 FUKMAT(//11%,7b(1H*) /711X, "OECUDED RUN HEAWER RECORD'/11X,4501H=-)/0730.000
& 3¢y, 'FILE TUS  ',bal) ' v731.0u0

35 FORMAT(33x, "RUN ID: ',]4) uf3e, 000
49 FURMAT (20X, 'A=REFERENCE: ' ,4(2X,2¢)711%,45010")) 07353,000
EnND V734,000
SUSRUUTINE STAVEC (IPARSw, PKF, lEwr) 07355.0u0

C 0730,000
c KR AR KR ARNRRRARAR R AR RN RARAREAR U757.0v0
C * * V758,000
c * SUBROUITINE STAUVEC * U739,.0v0
c N % V740,000
c A RRR RN AR RN AR RNNRRNR R AR R R AN R AR ul41,9u00

26



Cx
Cn THIS SUBRKQUTINE PFRFURMS ThE DLCUDING Ur THE FIpe HEAUEk STAIUS
Cx WORD IwWYy IHE FOLLUANING PARAMETERS:
Cx APAR DISPLAY SwliCnH
Cn 1PAR CUMPUTEKR FLAG SwTIlChH
Cn LPAR RUN/TEST
Cn Su=PUILSE LENGTH
Ce PRF
Cn TRANSMIT CUDE LEWGTH
Ce THESE PAKAMEIEKS ARE RETURNEU T THE USer wiIVH Thg HELP UF
C» SUBRUIITINE TAHLF.
Cw .
) CUMMUON / TOUUNTT / WTAP, #SLQO, NHUR, NUTA
ISTORE = 1PAKRSHK
IERD = 1EwF = LERR = JERS = v
IEXC = IERP &= [FKY = JEkU = v
CrreanxaPKF

IPRF = JUITF (LISTORE, 22, 4, ICRP)
IF (IERP _nE. 12) THEW
SELECT CASE IPRF
CASE v
PRF
CASE 4
PRF = 20v0.
CASE 6
PRF = 1000,
CASE 7
PRF = 500,
CASt o
PRF = B80v0,
CASE vEFAULT
1ER = 14
PRF = 0.
NRPUNERK = RRUNERK + 1
CaLy OUTPUT (1 8)
END ScLECT
If (IeRU oME, 14) THEw
aklTe (NSLL, su, TUSTAT = wSlAaTwn) pr¥

4ovn.

CannnxIPAR DISPLAY SHTTCH

InC = IRLATH (ISTORE, to, 1, LERU)

Nav = 3

INUX 3 17+3210C

I\F (LERD .wE. 12) CALL TARLE (INUX, wWU, 1¢ IERT)

CanranIPAR CUMPUTEK FLAG SaIICH

IDC = IRITKF UISTOURE, 17, 1, 1ERF)

W = 4

INUX = 2ev2xIDC

IF (IERF .WE., 12) CALL TABLE (1IwUX, witU, 2, IERT)

CaanneIPAR RUN/TEST

I0C = IBLITF (ISTUKE, 16, 1¢ LEKK)

NWY =

INux = 9+TuC

IF (l1EKR . wE, 12) CALL TAnLE (INUX, N¥Y, 3¢ lERT)

CannrnalSpd=rULSt LENGIH

I0C = IslTr (ISTORE, 19, 3, lExS)
Nwp =}
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“0742.000
v743.,0Vv
V744,900
749,000
V/4b.V0Y
0747.000
Q748,000
uTd9,0ub
V750,000
v751.,00v
U752.0V0
U753.00y
0754,000
0755.000
V756,000
V757.0uy
0758,0uv
0759.000
LIbV. VIV
0761.000
0762.00v
V703,000
0764.0uy
V765.000
V766,000
ulol.000
y768.00y
V79,000
V770.000
V771,000
V7i72.0u0
U773.000
V74,000
V775.000
vl7o.0uy
LVTITT.000
0774.000
V779,000
V7B0.0V0
UTB1.0V0
V782,000
0783.,00v
V784,000
U7085.000
Vloo.000
0767.000
U788.,V400
0789.000 .
V790,000
0791,000
V792.000
0793.000
0794,00Y
V795,000
0796.00¢
v197.0v0
U798,.0v0



LF

(IFKS NE, 12) CALL TASLE (luLl » wav, 4, JERT)

Caxaxa TRANSMLIT CUDE LENGIH

1oL
IF

END
END IF
ELSE
PRF =
NRUNER
EnNU LF
IF (LERD
IF (1€
LeER
ELSE
1ER
END IF
ELSE.
IF (It
EnD IF
RETURN

= IagTr (ISTORE, 26, 6, lEKL)
(IERC .ME. 12) THEWN
P2 = %2
TICL = v
PO I =1, &
RRLT = ISYTF (INL, I-1, 1, IEKC)
ITCL = IfcL+Ip2x(1=Kull)
lpe = fpPerse
END DU
1F LIERC JNE. 12) WKRITE (WNLLU, 35, 10OSTAT = udlaTw) JTfcCL
1F
0.
R = NKUNERR + 1

+ IERF ¢ JERR + TERS + 1EKC + JEnP ik, 0J) THEN
RT + 1FkY ,nE. U) THEN
= 15

=12

RT + Ilgnu .NE. 0) JIER = 14

CaxxxxFORMAT STATEMENTS:

50
35

OOO0O0O0O0O00

Cx

Cx
Cx

&
&

1

I

FURMAT (%
FORMAT (1Y
[ 3D

SUBROUITW

x
*
*
*
*

SusdkouTTAN
VARIUUS ¢

LUGICAL t
CcoumMhun /

Xe'PRF:  ',FS5.0)
Xe "TRAWSMIT CUDE LENGTHS: ',12)

E TABLE (INDEX, NWGRD.,» LPArAr, ILKRR)

ARRA XK R AR AR R AR AR AR AN N R AR AR AN
*
SURROQUTINE TALLE * ,
*
ARIRAT E XA RN KRR AR ARKR AN AR KRN

F TARLF PERFORMS A TAbLE Luun=UP IN ORUER TU DEFINE THE
ACAMETERS OF THE IPAR FILE HbsDER SIATUS #0kD.
RKOR

JuunIl / NTAP, NSLOs WNHUR, NOTA

CuMMUN / DVSTAT / NSTATT, NSTATwW, wSI1aTH, nNS1ATu, NSTAIC, NSTATI,

DIMENSIQw
DaATA I1Tas

IF (NWURY
EXRUK

ELSE
ERRUK

NSTATHO, NSTATUO, NOTATHC, NSTATUC, NMUUNT,
NDS4NT

1TAR(22),LIT(3)

/4H BO,4n SET,4H 20,41 CLR,4H  4Js4b 16u,48H 10,4H4000,
4H RUM,4RTEST,dH s ANRUVU s 4H 1ANSaHIU00,4H SUU,4RB000,
4HPANE ¢ 4HL s 4H r4HDLGI,4HVAL s 4HTAPE/
oLis 1 JUR. WWURV .51, 3) Then

= JIRUE.

= JFALSE,
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0/99.000
vouvo,.0vu
UBul.0uL
VBU2.UU0
Jdus.vuu
0804,0vy
vbub,. 0V
ysub. UV
0bBU7.000
vBu8. VUL
0B8uv9.0V0
Vol0.0u0
vg1l.u00
0812.0vu
vd13.000
V814,000
ugl15.,vv0
0816.000
817,000
vel8.0u0
UR19.000
U2l 00u
ve2l.00v
vodl. v
08235.000
V24,000
oH2s5.0uy
V8eo . U
uBe7.0600
vs28,.0uy
vEd9.0v0
uB3u.0ue
Josl.O0uv
852,000
b8s5.0vv
854,000
0835,000
0836,000
0837.000
0838.000
0839,.,0v0
VBu0,00y
0641,.,000
0842.000
0s435,0v0
Va44,000
0845,000
0ddo,00v
v847,000°
v848,000
V849,000
890,000
0851,000
ugS2. vl
u833,v00
0854,000
U855.000



CannenInITIALIZE LITERAL AxRAY
’ po1 =1, 3
LYV(I) = 11A8(11)
END DO
CeannseUFINE THE SELECTIEL PARAMETER FRUM Int TAbLE
DLV J = 1, NwOKRD
10FF = INDEX+J=]

IF (IOFF ,LT. 1 .OR, IOFF .Gl. €¢2) IHEN

FRRUR = ,1RUE.
ELSE
LITUS) = 1TAR(IUFF)
ENU IF
EnD Du
EndD IF
LF (oNUT, (ERKOK)) THEN
SELEC! CASE TPARA®M

CASE 1
WRITE (NSLU, 1U, TUSTAT = wWsTala) (Lxrsx). 1, wnURD)
CASE 2
WRITE (NDLU, 15, TUSTAT = NSTATA) (L1TL1), 1+ NAORO)
CASt 3
NRLITE (NSLU, 2u, JOSTAT = ~STATH) !Llf(l). 1e walwi)
CASE 4 _
WRITE (NSLU, 25, IOSIAT = wSiATv) (LITLI), 1, NAURD)
CASE VEFAULI
ERKDR = .TKUE,
EnD SELECT
END 1F
IF (ERROR) THEwW
IERR = 14
CALL LgtPUT (11)
END UF
RETURN
CananaF URMAT SIATEMENISS
10 FURMAT(11x, ' L1PAF NISPLAY S#1T7CH POSIVIUNS  ',3A4)
15 FURMAT (14X, ' IPAR COMPUTER FLAG SWITCHS  *,A4)
20 FULMAT (2o, "IPAR RUN/TEST: ',Ad)
2s FURMAT(25X: "SUu=FIILS5E LENMGIHE ',Ad)
Eny
SUBRUNIINE HUwWRPACK (ITHORL, LASCI1I)
c
C AR R R R A A R AR AR RA A AN KRR TR A RRRR
[ ® *
C * SHBRUUT INE UKPACK ®
c x x
C AR AR AR AN RAAR RN RARARNRR R R AR g RN N
c
Cx .
C» SUBRULIINE Hinpach SPLITS A SINGLE BYTe INFO twu SEPARATE a=glT
Cx BCVU WUANIITIeS. THESE NUANTITIES arkt THEW CUNVERTED Tu ASCII
Cx FORMAT AnNp STNKEU IV THE RYTE ARKAY, 1ASC1I,
Ce .

INTEWEN=L THUR1(12), IASCIL(®), KASK, LIMP, JTMP

DATA MASAR/ZA'UF'/
CananaUNPACK FaCcH ULF THE NoT dYTES
POT =11, 3
IREF = (4 = 1) = 2

99

["E-1 N T
uss/ . 0uu
bS8 ,uuu
V859, 0u0
[VE-X- XV VRTR )
Ubol,000
Vdo2,0u0
vBos.uuy
Vo4 ,0V0
V865,000
0dbb, VLV
vdol,0V0
vsobl8 .u00
veL9,000
vB7u.000
vd71.0uL
vd72.v0ul

UB735,0v0
VBT74,000
velb,0uu
V876,000
us77,.,000
VaT78,VV0
wa/9,vuv
vd8U. 000
u881.000
Vdocd. 000
0883,0u0
u3B4,000
['X-Y-3- I X))
0d8b,000
Lds7,.uv0
vess,.000
V389,000
90,000
V891.0v0
Le92.0uy
V895,000
Ub94,0u0
Ud95,0u0
V890,000
V97,000
vdve.vu0
Ub99,0L0L
U900, 000
uU3ovl,.u00
u9ue .o
V9u3,.000
vou4.0V0
V9usS.000
U900, 000
09u7.00V
U9uvB VU0
09u9,0uu
u91v.vul
Uvll,uu0
091d.000



CrrxxxxLUNER BYTE

013,000

ITMP=IAND(IANKT (I) , MASK) vY14.000

ENCUDE (L, "(T1)', JIMP) TTMP v915.0u0
DECuDE(L, '(Al)', JTMP) IASCILLIC(IKEF) U¥l6.000
CraaxxUPPER BYIE ' U917.000
TIMP=LISHFT(LHURL (1), =4) UYlo.v00

ENCUDE (1, '(I1)?', Ji~xP) ITHP vyly.000

DECUDE (1, "(Al)', JTMP) IASCIL(Irkr=1) U92uv. ULy

TEnND LD vu9el. v

Rt TURN v9e2.tue

Enu uves.vul
SUBRUUIINE RCAUER (InF, ITKEC, ItR) 0924 .0v0

C ; 0925.000
[ A RRRARKARRRRARRARAARARRRARRRAR u92b6.0U0V
C * * 09c7.000
c * SHBRUDTINE REAUVENR * 0928.000
c * * 0929.000
o} AR AR A RARRRARRRRRNRRARKRRNK AR RR V930,000
c V931,000
Cx V932.00v0
Cx THIS SUBROUTINE 1S DESIGWED TN READ A HEAUDER (R UATA RECURD FRUN uvY335.000
Cx THE IPAR DATA TAPE, AN EKRRDKR COUE, IERC, 1S RETURNEU AS FULLOWS: 0934.0v0
Cx 1 = INCURRECT NUMBER UF HYIES t0UR SPECIFIcD RECURD TYPEULU93S.(0L0
Cx» 2 = NU ERKOR U9356.0u0
Cx 3 = Enn=9F=F JLE EWCUUNTEREUV V937,000
Cw 4 = PARJTY ERROR UR LUSI vala un KEAD V938,000
C» THE RECOKRD FURMAY COUE IS AS FULLOWSS V939,000
Cx 1 = FILE HEADER RECURU VUL L. 0LO
Cx ¢ = DATA RECNORD V941,000
Cx» vI4e.vuu
LUGICAL TwGuEUF, KEADY 943,000
CumMmMuUN / DATA / 1HUR4(3), 1BUFUL(2%506) U944,000
COMMUN 7/ T0MNTT /7 wiAP, wSLO, WHUR, nDTA V945,000
ComMMuN / TRNATA / NTAPES ., NRUNS y NKUNSER o NRUN ’ 0946.000

& NRUNERR , ITRECS , NTKRECSER, nNTREC ’ U947.00V0

& HFRECERR, NDKELS , NDRECUSLR, NDKEL ' U946.000

& NURECERR, NTAPEN  , NRUND ¢ NRUNE ’ 0949.000

& NBEGIN  , NEND ¢ NtunT™® 5, NDRwE 09%50.0v0
CUMMUN /7 OVSIAT /7 NSTATIE, NSTATw, woTATH, iNSTATUs NSTATC, N3IATI, U9S1.000

& N3LATHO, NSTATUD, NSTATHC, NSTATUC, NMUOUNT, v952.000

& N1 OMN | 0953.000
CuMMUN / TAPEFT 7/ WdH, NaH, wBD, Nwo, nNEY1 0954,.000
CummunN /7 MISC / CTIMER, CTIMEA, PLSPTREC, PLSPUREC, |#UEOF, 0955.000

& MENNANGE, ALL, MIIME(S), MDAYEL3Z), AROLL, BELL V950,000
CxxaxxF JLE HEAJER RKECNKD U957.000
IF (IRF <Euw. 1 ) THEN 0958,000

100 Cunflayk 0959.000
READY = .IRUE. 090U.000
CxaxxxxREAD TrH€E RECURY UY61,000
READ (n1aF, '(2uAd) ', TUSTAI=~nSIATE) (1HOR4(IL), 11 = 1, NaH) U902.000

CALL MewALT (NTAP) ' UY635,000

CALL STATUS (TAP, IERC. w~BYT) U904.000
CaxaxxxbRKRGK PRUCESSInG 0965.000
SELECT CASF TtwC U9bb.ULU
CxxxxxUNIT NuT REAUY V9p7.000
CA3E 1 U9b8.000

HEANDY = JFALSE. 0969.000

100



CrxaxxxG0uD REAU, CHECK FONK PRUPER BYTk CUUNT,
CASE ¢
TWUEUF = _FALSE.
IF (NBYYT NE., NAH) THER
JTERC = 1
NRUNERK = NNUKNERR + 1
CALL uylpur (7)

. ELSE
ITREC = 0
tno LF
CeaxxxndAD KEAD. FLAG THE ERROR Awv KETUKWe
CASE 4

| WUEUF = ,FALSt.
NRUMERK = NRUIERK + 1
CaLL NUTPIIT (9)
END SELECT
1F ( anT  (READY)) GuU fp 100
CraxxxxDATA RECURD
ELSE IF (IKF _.tn. 2) THEN
200 CUn I Iyt
. READY = ,TRUE.
CeaxxaREAD THE RECORD
CALL BUFFERIN (NTAPR, 1, IBNFD, wwaD)
CALL M:IwAlT (NTAP)
CALL STATUS (n1AP, IExC, nNBYT)
CxenxnERROK FPRUCESSING
) SELECT LCasE JLeC
CrnexxxynlT NUT READY
Case 1}
READY = ,FALSE.
CreaxxGUUD REAU, CHECKR FOx PFRUPER 8YTE LOUI,
CASE 2
LF (NRYT (if. NBdu) THEN
TERC = 1
NTRECEIn = WTIKECERR + 1}
cALL uvuTPuY (7)

ELSF
ITREC = TT<EC + 1
END IF
CraxxxpyA) RFEAD. FLAG JHE ERKOK ANU rREIUKN,
CAStE 4

NTRFUFKR = NTRECERw + 1
Cary OUTFUL (8)

END StpkCl
IfF (.nol,(rEADY)) GU TO 2V0
ELSE
IeRC = 16
CALL wulPUT (Y9)
En0 AF
IF (LERC . NF. 2) TER = ItRC
Ke TURN
T END
FuuCiIun ToTIF (lauxv, IS4IT, LEN, IEKR)
c
c AR AR AR AN RARARANRN AR AN RN AN N RNN
Cc * ®
¢ % FUNCTION IBJTF ®
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uI70,0Lul
u9/1.0u0
u9le,vuu
u975.,0u0
974,000
U97/9.0u0
v970.000
977,000
ve78.0v0
U979,000
V980,000
v9bl,.0u0
vl 0vu
U983.000
0984 .000
0905.000
gY9db,.000
V987,000
0908 .000
0989.000
099V, 000
0991.0v0
V992,000
09935,000
v994,0v0
0995.V00
v9S6,.0uU
v997,0v0
998,000
U9I99.,0v0
1000.000
1001.,000
luv2.000
1005,000
10ud ., 000
1¢05,0v0
1Vub.0v0
1007.,000
1008.000
1Vu9,000
1010.,000
1vll Voo
1v12.u00
1015,000
1014,000
1015,000
1616,000
1917.000
1ul8,000
1v19.000
1vav. 000
1uel1.000
1vee.ovo
lues.ouvo
1024,.000
1925,000
10c6,000



c ® *

Cc AARKR R R R AR RRR AR R ARARAKRARNRRRARN

c

C»

C» FUNCIIUN IBIIF FXTKACTS A FILLU UF 81tS Frum [wghp, STANTIng
C» Frum BIT PUSITLOW ISolT AWD EXTEwDING lu IhE LEF] FOr LEN BIIS.
C» THE RIGHIMUST 811 18 BIT g Anh THE LEFTMUDE bIT LS BIIl 5l.

C»

LUGICAL ERROK
Crexxxt kROK COIDITLION CHECK
IF (ISBIT+LEw LE.%X2 AHD, LEN,LT.0 JANU, 1343)T,.5E,u) THEW
CrxxxaxxUWPACK TdE SPECTFIEY BIT FLELD
EXRUR = .FALSE.

IBITF = IbHFT(INUkU:Sd-(ISHIT*LtN){
I8ITF = ISHETUILITF,-32+LENS
ELSE
ERRPUR = ,TRUE.
Enb (F
IF (ERROR) THENW
TERR = 12
Catl uylPuT (12)
EwD IF
RETUKN

EnD
FUNCTTUN NRUNTEST (IRUN3, IRUNE, IKUN, lckk)

KRR R ARKNRARRARARA AR AR R KRR AN A Rk &k

*
x
*

®

FUCTIUN nRyilTEST =
;1

a0 on

KARARARARARKRRARARARN R AR R AR ANAR

LOGICAL TwUFULF, WERWRANGE, ALL
COmMMUN / JUUNTIT 7/ NTAP, NSLO, WHOUR, NUTA
CUMMUN 7 DVSTFAT 7/ NSTATT, NSTAlIw, NSTATn, uS1ATD, WOTAIC, wWST1AT],

& NSTATHD, WITATUD, WSTATHL, NITATDC, wWWvUUNT.,
-3 NDOMIN]
cuMMmunN 7 mIsC / CTIMER, CTIMEA, PLSPIKREC, PLSPUREC, TWOCEOF.,
& NEWRANGE, ALL, MTIME(3), vUATE(3), NRuLL, BELL

IF (.nNUT.(ALL)Y) THEW
IF (Isniv oL F. TRUNB) |JHEN
CALL SKPERSEI (IERK)
IF (LEKR _NE. v) THEW

HKUNTESTE = 3
ELSE

NRUNTEST = 1
gnp IF

ELSE IF (LRUN ,5T. IRUNE) THEW
CALL DUTPHl (32)
dACKSPACE (NTAP, [OSTAT = nSTATI)
IF (NSTATY _NE. U) TnEN
CALL GUTPUT (16)
CALL SKXPFR3ET (IEHKR)
IF (I&RK ,NE., o) THEWN
NRUNTEST = 2
ELSE
WRUNIFST = %
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1vc7 000
Lvéd.vou
1va9.uvvu
1030.000
10351.000
1us2.000
1035,0v0
lusd.000

T1u35.000

136,000
1957.000
1V38,.0v0
1u39,000
1040,000
lvdal,0v0
lvd42.0uv0
1045,000
1044,0v0
1045,000
140,000
1oa7.0v0
1o48,000
149,000
1050,v00
1051.000
105¢2.000
153,000
1054,000
1055.,000
1050.,000 -
1U57.000
1058.000
1059 .0u0
l1Vo0,000
luol.0uU0
1uee,.00v
lubs.0v0
1v64,000
165,000
1Vob6.,uV0
1007.000
lvob.0V0
1069.000
1070.000
1071.000
1972.000
173,000
1074.000

1075.000

1u76.000
1u77.000
10768.000
1079,000
lvs.000
181,00y
1U82.000
1005.000



o000

® xxx

&

END IF

ELOF
NewrRANGE = JTHUE,
MNRUNTEST = ¢
eNU IF
ELSE

IF (IRUN .EAQ, [RUNE) nexkARGE = TkGE,
NRUNIEST = 4
EnD IF
ELSE
NRIDWNTEST = 4
Ewo IF
RETURN
END

SUBROUTIWNE DATACHEKR (ITREC. IUKEC, I[1LME, 1R

18RANCH, IEnR)
ARNRANAAR AR AR R R RN RN R AR AR AN R A KR
x *
] SIBROUIINE DATACHER *
x b

AR R AR AR R R A AR AR N AN A AR AN AR AR AR K

LUGICAL TWUEUF, NEWRAMGLE, ALL

COMMUN 7 TRDATA 7/ RTAPES , WRUNS s NRUNLSE
NRUNERK , NWIRECS » WNIKELD
NTHRECEXR, WDRECS o WURECS
NIORKECERKR, WTAPEM o kUMD

NIEGLIN o wEND ¢ NRUSEA
CumMMON 7 MISC /7 CVIMER, CTlmeA, PLOPIREL,

Uiy, PrF,

Ko, NRUN
tR, NTKEC
tr, ~NOREC
’ NRUNE
s NWDRWE
PLOPUKEC,

NEARANGE,» ALL, MIlME(s5), MUATELS),

IF (IERR _ER. 2) THEN
It LIiReC .6E. ITIME) THEW
CALL DUMPHEDR (IDREC, LRUN, PrE, LExO]
IBRANCH = WNHRANCH (IERK)
ELSE
IotanuCH = 4
EnD IF
ELSE IF (JERK JEw. 3) THENW
IDREC = IDREC - 1
IF (ITREC .EN. v) InEln
caLp NuUTPUT (2¢2)

ELSE
CaL{ DUMPHEDR (1UREC, IRutvy PRF, 1ERO)
EnD 1F
IBKANCH = MURANCH (IEKK)
ELbE

"IVREC = JUREC -1
IF ((IPDKEC =~ WREGIN + 1) LEW, 0) THEN
CALL JUTPUT (23)

ELSE
CALL DUMPHEDK (IDREC.» IRUM, PRF, LERUV)
END IF
IBRANCH = NU&ARCH (IERR)
Ewl IF

CALL DISKRCHEK (IRUN, TDREC + 1+ ¢, IEKK)
IF (lEXK .t 23) THEN

103

. * a

Y AUEUF,

LTV N

BELL

lvod.bue
1Vob.0v0
1vo8o.VVY
1u87.000
1088.00Y
1uo9.0v0
190,000
1u91.000
109¢. 000
luys,.00v
lu94,0v0
109%,000
1vvb.LU0
1097.000
1098.000
199,000
1l1uv.0v0
llvl.ovu
11uv2.000
11vs5.,000
11ud.0v00
11ub.000
116,000
1107.000
11uB.VLD
1109.000
1110.040
1111.000
1112.0v0
1115.000
1114.000
1115.000
1116.000
1117.000
1118.000
1119.000
110,090
1121.000
1122.000
1125.000
1124,.000
lleb. 000
1120.000
1127.000
1128.000
11¢9.000
113v.000
1131.000
1132.0v0
1155.000
1134.000
1135.000
1136.,000
1137.000
1134.000
1139.000
1140,000



(s EXzRzExKzKzAx]

IF (IbRANCH .tBR, 4) CALL DuUMPHEUR (lukeC, [wkUN, PRF, L1ERU)
IbRANCH = 0

ELSE

JUREC = TUREC + 1

IF

(ItRU LFU, 7) IHEw

IF (IEKR kG, ©) THEN
1EKR = 8

ELSE
IFRR = IERD

EnNV LF

Enb IF
Env IF
RETURN

END

BLUCK UATA TIMITTAL

Ar R R R R R AR R RRARRRARRRR A AR EARRARNK

x x
* BLUCK DATA INITIAL *
* ]

Kk R kR XX R R AR R R Rk kR kX kR kX Ak Xk XK

LOGICAL I1wOEUF, NE®RANGE, ALL
CUMMUN 7 DATA / IHUR4(3), IBUFL(Z>0)
CumMMUN / TOUNIIT / NTaP, nNSLD, NHOR, nNUTA

x

COMMUN / TrRDATA /7 wTAPES s NNRUMS r NKUNDEK , WNRUN v
NRUNERR o NTRECS » nIRELC3ER, NTKEC v
WATRECEKRR, NUKELS ¢+ NURELSER, NDREC v
NURECERR, NTAPEN , WrUiiD s NRUNE v .
WBEGLIN o HNENWD s NKUNTM , WDRwE

COMMUN 7 DVSTAl /7 NSTATFT, WSTATw, WSTATH, N3FATD, NSTATC, WS1AII,

x @

N3VTATHO, NSTATUG, WOSTATRC, NOTATDC, WAUUNT,
NDS ANT

COMMUN /7 TAPLF1 /7 nNdd, NwHe NRD, NWD, WBY]
CuMvUN /7 MISC / CVl4ex, CTInEA, PLSPIREC, PLSPUREC, TWuEUF,

&

WEWRANGE, ALL, MIIMEL3), MUAIEL3), WKOLL, bELL

Commut) 7 DIRECT 7 wdIRC140U, 2)
CUMMUN /7 RNBLAS /7 L13LAS(100)
COMMUN 7/ DISK / WSIHEDR, NSZUAlA, NBPSCIk, NBPHREC, NBPUKEC,

&
&

DATA

DATA
DATA

DATA

DATA

- DATA

VATA
DATA

N3IPPLSE, RRSPACE, WRMHELK, RUSPACE, NRMUAITA,
NRMPLSE '

IuDKRy, IRULUFL /7 5%0, 296*0 /

N1AP, NSLU, NMROR, NUTA /7 1, 6, Q¢ 5 /

MTAPES , MRUNS s WRUNSER , NRUN s NRUNERR , NIRECS ,
NYRECOSEKR, VIREC ; NTRECERK, NURECS , NURECSER, NUREC ’
NDRecErR, HNIAPEN , NKUWNB » NRUNE ; NBEGIN , NEWD ’
NRUNTF  , NURRKE / 1b6%x0, 1, 0, =1, v 7/

MOTATT, NSTATH, NSTATH, NSTATU, NSTAIC, NSTATI, NSTATHO,
NSTATDO, WSTATAC, wSTATUC, NMUUNT, NDSMNT / 12%0 /

NBH, NAH, NuD, wab, NBYT 7/ 12, 3, 1lucd, 256, U /

CT14gk, RTIAEA, PLSPTKREC, PLSPLUKEC, TwuenF, NEWKAWGE,

ALL, wmTIME, MDATE, WRULL, BeLlL 7/ 2xv.u, 12R.0, 0.V,

1141,000
1142.000
1145.000
1144,00v
1145.00y
1146,000
1147 ,000
11a,000
1149,000
1150,.,000
1151,000
1132.0u¢
11535,000
1154 ,000
1159.,00v
11596.000
1157.000
115b6.0U0
11959,000
1160.000
1lo1.000
1162.000
1163.000
114,000
1le9.000
1160,000
1167.000
1168,000
119,000
117u,000
1171.000
1172.000
1173,000
1174000
1175, 600
11/0.000
1177.0v0
1178.000
1179.000
1160.000
1181.00v
1182.9000
1183.00v
1184.0V0
1165.000
1186.,000
1187 .000
1ib8.0v0
1189,000°
1190.000
1191.000
119¢.0u0
1193,000

Sx FALSE., 7%0, X'07000000'/1194.000

(WhvoIR(L, J), I = 1, 14000, J = 1, ¢} /7 140UxU, 14yuxy /
Iolas /7 0N, U, 100, 10U, 2UV, 300, 3U0, b0, =10uu, .l\)U,
HUD, UV, =1000, 80U, 90U, 9Uu, 900G, L1UVG, 10UVO,

104

1195.000
1190.000
1197 .000



aoOO0O0O00O00

(e XX EeEnEz Xnl

&

DATA NIZNW
L] RHS#
& !/ S
& 44

EqD

1V00,

1100, 1100, 1350V, fl=x=1uuu /

EUR, NSZDATA, NOPS3CIR, WHPHREL, BPUREC, nNBPPLSE,
ACE, NRPMHEDKR, RUSPACE, WRMDAIA, wRNPLSE

y S0Qu
ouLoLo

Ue
/

764, 2U, 768, 8, SUer 1920¢ S000U., DOUVY,

.SUBRUUIINE HUORFIX (IKUN, TFHUR)

K RRR AR R RRRRR AR AR AR RRNR AR AR RK

*
*x
*

®

SIHBRUUTINE HURF [X *

*

'ttt.l*t'ttt.ltt.i‘itﬂ.t.ttttl

DIMENSION
DATA JRUN
DATA JFIX
1]
DATA MASK
DO T = 1,
IF (In
EnD V0
RETURN
END
SYBRuUUT I

JRUNLS),
65,

/ 4,

JEIX(5)
10, 677, 1112 7/

/ Xte0u0opuot, X'0100000UY, X*OUUQLUYVL',
X112000000', X'2v0U0OUQL' /
/ X*OOFFFFFF' /

9
1N EW

E OuUutPk

ul

(ICOUE)

RA R KA AR AN AR AR KRR AR g AR R A RN R AR RK

*
*
*

*

SULRUUTIWE QUTPUI *

k]

AARRKR AR A A AR KRR AR AN AN AR AN AN A NRRN

LuGICAL 1}
CuiMmun 7
COMMON 7
CUMMUN /7

[

[ -

CumrMun /7

x oe

CuMMUN /7
COMMUN
&
CUMMUN 7/
CUMMUK
commour 7
&
&

~

DATA 1UNT
L]

Cast 1

WUOF UF o
DATA

T0UNTT
TROATA

pvsTal

TAPLFI
MLSC

ninvted
RNBLAD
nisK

H /7"

NEwrAJoE. ALL

/
/
/

~

~

IHUK4(3), [BUFL(236)

NTAP, WSLD, WHUR, NUIA

Nl1AaPES o NRUNS s NRUNSER 5 NRUN
NRUwERK o NTRELS o WIRECSER, NTREC
WIRECERR, NDKECS o GuneCStR, WNDREC
NUORECERRKR, MTAPEM , WNRUNB s+ VRUNE
WIEGIN 4 wEID s NRULIM  » NDRWE
woTAlT, WSI1ATH, W3TATH, N31ATD, NSTAIL, NSVATY,
WS TalHu, NSTATUO, WOTAITHC, NSTATDC, NMOUUNT.,
NOSMNT

N3H, YmH, NRV, NWD, NBYT

CTIMER, CTIvtAs PLSPIREC, PLSPUREC, TAUEOF,
NEWKANGE, ALL, MTIMEC(S), wUATE(3), NROLL, BELL
NDIR (14v0,2)

I31aS5(100)

HSZHEOR, MSZDAlA, NBPLCIR, NBPHREC, NWoPOReC,
N3PPLSE, RHSPACE, WRMHEUR, RUSPACE, WNKMDATA,
HRMPLSE

- w o~

T DIMENSIUN MONTHILZ)
JANY, ' Fen', ' HAR',

APKRT, ' MAYY, ' Jun',

JUuL'y ' Aug', ' SEP'Y, j uCt?', ' wuy', ' vLC* 7/
DATA BLK 7 X'2U0000Uuy' /
SELFCT CASE 1cubt

105

1198.0v0
119vY,.000
120V ,00¢
12vl.buu
1202.000
12u5.0uU
12ud,uuy
120%9.000
1eUha U0
1207000
12ub. 0V
12u9.000
1210,000
1211.000
1212.000
1213.0v0
1214,000
1219.,000
1216,000
1217.000

Jrun(I)) IFHDPR = IOR (IAanbD \MASK,IFHDK)}, JFIx(I))12lE.000

1219.000
1220.000
1221, 000
1222.000
1223.000
1224.000
1225.000
122b,0u0
1227.,u00
1228.000
1229.000
1250.000
1251.000
1232.v00
1233.000
1254 .,000
1235.,000
1236.000
1257.,000
1238.000
1239.0v0
124v.000
1241,000
1242.0v0
1243.000
1244,000
1245,000 -
1246,UV0
1247.000
1248 .00V
1249.000
125V.0u0
1251.0v0
1252.000
12595.000
1254.000



CALL TImt (MTIME)
CaLL DATE (MUATE)

wrITE (WNSLO, 10, I0STALl =
&
CASE ¢
WRITE (WSLO, 20, I05TAl =
CASE 3
WKIVE (NSLO, 30, IUSIAT =
CASE 4
vRITE (WSL9, 40, [USTAT =
& NMTKEC, NTRECERK, KWUR
CASE &
AXITE (NSLOD, SU, Iustal =
CASE o
IF (ALL) THEN
ARITE (NSLO, 65, IOSTATY
ELSE
AWRITE (NSLU, 60, L0STAT
END IF
CASE 7
WRITE ('ul'y, 70, I0OSTAl =
WRITE (HSLO, 70, I0STAI =
CASE o
WRITE ('ut', 80, IUSTAT =
wRITE (NSLO, 8V, [0STAIl =
CASE 9 )
WRITE ('tiT', 99, IUSIAT =
NRITE (NWSLO, 9u, IOSTAT =
CASE 1v
ARITE ('0fY, lou, 10SFAl =
&
wIIE (NSLO, 100, IUSTAT =
&
CAaSE 11
ARIVE ('U1'y 110, [O51AT =
WwRITE (NSLD, 11u, ITUGSIAT =
CASE 1¢
WRIITE ("UT*, 12v, lUSIAT =
wrITE (MSLO, 120, IUS1AT =
CASE 135
wRITE ('01Y', 130, TUSIAT =
WRITE (WSLDO, 130, [USIAT =
CAabE 14
WRITE ("1, lau, LUSIAT =
ARITE (NSLO, lao, T0OS1AT =
CASE 15
WRITE ('Ul', 1Su, IU3SIAT =
WRITE (nwsLO, 150, IOSTAT =
CASE 16
WRITE ('uT', 160, 10STAT =
NRITE (NSLOs 160, [USIAT =
CasE 17
© WRITE ('UT', 17u, fusTal =
WARITE (NSLO, 17u, TuSlal =
CASE 18
AKITE ('uT*, 180, I0stal =
wrITE (WSLO, 180, Iuslial =

wWSTATW)

NSTATR)
WS1aTy)

NSTATN)
EC,

NSTATH)

= NSTAIwW) BLK

= MOTAIW)} BLK,

NSTAIC)
NSTATA)

NSTALC)
WSTATW)

NSTATC)
nNSTALL)

tSTATC)
nSTAtA)
WSITATC)
nNS1ATa)

WSITAYC)
wS1Aalj)

WSTAlC)
NSTATA)

STATC)
nSlaia)

nsTalc)
ivsiTatTa)

NSTATC)
WSTATIN)

NSTATC)
wS1Als)

NSTAIT)
wWSTATA)

loe

MDATE(5),
MBATE (1), MTL

BLK
BLRN

LK, NIAPEWN,

nORECERK

wlAFEN

BELL,
BLK

NBY T
NBYT

delLl
BLK

dELL
oLK

pELL, WTAPENW,
1B1AS(MTAPEN)
BLK o, ~wTAPEN,
1B 1AS (WTAPEN)

belL
olLh

Ll
oK

belL,
BLK

lHURY
1HuRrY

bElLL,
oLK ,

NTAPEN
NTAPEN

selL,
BLK

NTAPEN
NTAPEN

BELL,
BLK

NTAPEN,
NTAPEN,

BeLL
BLK

BeLL,
BLK

NDTAY
NOTA,

NRUNY,

NRUNTM,
NRuUnNTM,

MONTH{MUATE (2)),

ME

NRU, R JiiE RN,

nNTAPEN

K UNE

IHLKRY,

IHURG,

WRUNTM
WRUNTM

NURAE
NUKWE

1255.000
1¢56,000
1257.,000
156,000
1259.0460
120V, 0U0
1é6l1.,000
1262.000
1263.000
1dod.VVU
12o5.0V0
1266.000
1267.000
1208,000
1269,000
127v.,000
1271.,000
1272.000
1275.,000
1274,000
1275.000
1276.,000
1277.000
127b,000
1279.000
12ol.000
1261.00v
1262.000
12835.0u0
1284,000
1265.000
1286.000
1287 .000
1288 ,0V¢0
1209.0v0
1290.00v
1¢91.0vv
1292.000
1295,000
1294 ,000
1295.000
1¢96,000
1297.000
1298.0vv
1299.000
13v0.000
1501.000
1302.vv0
1505.000 "
13v4,000
13054000
1306,000
13v7.000
13v8.000
1309.000
1510000
1511.000



&

&

L]
&

3

&
&

CASE 19
WRITE
WHITE

CASE 2V
wrRIFE

ARTITE

CASE 21
WRITE
WRIVE

CasSE 22
KRIIE
WRITE

CASE 23
WRITE
wrRITE

CASE 24
WRITE
WRITE

CASE 25
WRITE

CASE 26
WRITE
WRIVTE

CaSE 27
LLeNE
ARITE

CASE 28
anlle

CALL 1}
HATLE
CASE 29
wrlTE
wWRIIE
CASE 3v
wrITE

pu 1l =

END DU
WRITE

CAasE 31
wrITE
WRITE

- CASE 32

ARITE
CasSE 33
wr ] TE
Case 34
WRITE
CaSE 3>

cute,
(NSLO,

('ule,
(NSLO,
('ute,
{NSLO,

('ule,
(NSLD,

('ufr,
(SLD,

crture,
(NSLND,

(WSLO,

crure,
(NSLO,

(',
(HSLN,

(SLO,

NSTATT,

19u,
19v,

20V,
200,
214,
210,

22y,
cz2y,

230u,
230,

24,
240,

250,

260,
2606,

276,
27V,

28G,

NSTATHC
IME (mTINFE)

(SLO,

(*hre,
(SLO.

(NSLN,

NTRECS,

c89,

€90,
€9vu,

300,

1, 1400
IF (nWDIRCI, 1)

(NSLO,

(‘ulr,
(uSLO,

(",
(SLOD,

(wSLN,

308,

510,
s1v0,

s2v,
530,

34v,

10sT7al
[OSTAT

[0STan
10sial
JUSIAT
JIUSTATY

1057A1
105Tal

10STal
[USTAT

J0SIAT
[TUSTAT

10sTal

10sSTal
LusTart

JTOSTAT
Tu3yal

JUSTAT

wSTATAY,

Justal

tusfal
Iusiafl

10S1al

WIKECSER,

oNE. U) WRITE (NOSLU.

[ostai

1087A7
105TAT

T0STAT
IUSTAT

[0STAl

NDRECS,

NSTATC)
hSTAafn)

usialcy
wWise Gl
WwSTATH)
NoeGlN,

wSTAIC)
wSTalw)
WSTATC)
NSIATR)

NST1ATC)
NSTATH)

HSTA]C{

NSTATA)
WSTATRH)

nNSTATC)
wSTaATA)

wSILATC)
wSlatau)

wSIAaTwN)

AS1AT4)

WSIATC)
wNsSlafw)

WSTAFW)

vell,
uLK

otll,
HEWU
VLK,
nNE WU

vhil,
BLA

bELL»
BLK

sELL,
BLK

vELL,
BLK

gLK o

bELL,
olLK

sbLL .
sLK

BLR,

bBLK,

bELL
bLK

NMRUNIM
WRUNT 4

NRGNTM, CTIMtk, ClIMEA,

¢ NEWD = aptblis ¥ 1

pregiefm, CTIMER, CVIMcA,
¢ NEND = MBEbli ¢+ 1

WNRUNIM
MU T4

WRuUnN T
NRUNITM

WRUN M
WRUN M

NTAPEN
nTAPEN

CTIMER, hUNIM

wiapen
wlAPEY

NTAPEN
WIAPCN

NSTalTT, nNSTATC, NOTATA,

Al IME

NSTATH, NOIAINC, W51ATDU, woTATY,

NIAPES, NRUNS, NKUNSER,

NULR(L,

NSIATH)

NSTATC)
NSTAVA)

NSTATC)
NSTATA)

NSIATN)

107

bL«

NURELSER

304, [USTAT =

1), nolIRCL,

¢y NSZHEOR,

KHOPACE, RUSPACE.,
NRMUATA

BELL
BLK

beLL,

bLN

(-] Y, S

NRUNITM
NWTAPEN

WRUYIM

wSTAla) I,
2)

NSLDATA,
NRMAEDK,

1514000
1515.000
1514,.000
18519.000
1510,000

T 1517.000

1518.,000
151y, 000
152V.000
15¢1.,000
1522.000
13¢3.,000
1324,000
1325.000
1526.000
1527.000
13283.000
1529.000
1530.000
1531.,000
153¢.000
1355.000
1534,000
1535.000
1330.000
1337.000
1358.000
1339.000
1540,000
1541,000
1542.,000
1845.,000
1544,000
1549.,000
1346,000
1547.000
1348.000
1349.000
135v.000
1351.000
1552.000
135%.000
13554.00¢0
1559.000
1396.0V0
1357.000
1358.000
1399.000 .
1360.,000
1501.,000
1502,000
1365.000
1504,000
1565,000
1300,.000
150/7,000
1508,000



WRITE (*01', 350, 10S5FTAT = WSTAT(C) bElL,
WRIFE (WSLO+, 350, JUSTAl = iSiala) wvLK ,
CASE 3o
WR1TE ('0T', 360, IUSTAY = nNSTAIC) HBtLL,
NRITE (NSLD, 56U, TUSTAl = wStAlN) BLK ,
CASE 37
KRITE ("tti'y 370, IUSTAT = NSIATL) brlLL.,
WRIVE (NSLOs 370, TOSTAT = nNSlalw) oiLn ,
CASE 38
WRITE ('0Ui', 380, JOSTAT = WSIATC) bELL,
weITE (NSLND, 380, 1USTAT = WSIAlA) bLK
CASE OuFayLT
PRITE (wSLOr 999, IUSTAT .= NSTATH) 8Lk
END SELECT
LF (NSTATw .NFe YV AND, NSTAIC .EQe V)
& nRITE (T’ 998, IOSTAT NSTATC) HELL
Crxxxaxk URMAT SIATEMENTS:
10 FORMAT(1h1,'LPAR MAGNEVIC TAPE Tu DISK DATA

] 1X,'RUN NDATE',6Hx,"
& Ie,':!
20 FORMAT(/A1, "*x%xxx ERRUR:

y12,%27,72)

] 'CoWsuLe ")

30 FORMAT(/A], "#*xxxx ERKRORZ FATAL WR1TE ERKUKR ENCUUNIERED UN
& 'CONSULE")

40 FURMAT (/A1 ,8b(1H%x) /771X, 'SUAMARY INFUKRMATLIuN FUR TPAR UATA
& 'TAPE MUMBERZ',I13/7/50x, 'ACCERPIED' 59X, 'REJECTEU'/1X,70(1H=)/1X,
& "WIIMARER OF USER SELECIED wUNS ON DILISK',30x,': ',18,5X,1871%,
& YNUMRBRER OF TAPE DATA KRECUOKDS KEAU AND +ROLESSED:
.4 TO/1X, *WUIMRER OF wRITE ATIESMPIS TU L1ISK FILE <pATA>
& 18,9%X,78//7/7/1%,06(1H%))

S50 FURMAT (1H1, "IPAR DATA TAPE NUHMbEK:'",Is)

60 FORMAT(/A1,86(1H®X)///11X, 'UScR REQUESIED PRDCES3LING OF RULNS',IS,

B ' THROUYLH', 1S,'. ")
-3 FURMAT(/a1,B0(1H*)///711X,YUSER RENUESItu PRULCESING OF ALL KUNS

s ',12,A4,15/7/71%, "RUN

& "UN IPAK TAPE NUWMBER',13,'.")

70 ;. FURMAT(/Al,"#2*xxx ERNIRS
& ' THE SELECIEL RECURY TYPE'/Z1x, " wxexx',9x, "ENCOUNTERED TN
& YSUBRUYTIWE READER. ', 9%, "BYIES TRANSFERKEUS',15/1X, " *axxx’, 9Yx,
& "REAAINUVER UF RUN FlLe SKIPPEL.')
80 FURMAT (/A1 , " *xxax ERRUORE

BAY DATA

UNEXPECTEU bYTE COUNT

NRUNWTM
WRUIT ™

WRUNTY
R UNT ™

M UNT
NmuUyNT

NYOIMNT
NOOMNT

IRANSFER PRUGRAN"//7/

OTART

FATAL KREAD ERRUK ENCUUNTERED Ow

UR PAR1ITY ERRUR ENCUUNTERED

& YU THPUT TN SUGRUUTINE'/1Xs"txkan®,Yx, "REAVER,
& ' PUN FILE SKIPFEUL.')

90 FORMATU/ZAL s "*axax ERKOKS

3 'uEnIED.
100 FORMAT (/AL,"*xxxx* ERROR:

&
]
& 3(24,48),"
]

"REMALNUER UF RUN FILE SKIPPEU,')

110 FORMAT(/ZALl,s"*xaxr ERIRORS

'RUN FILE

108

INVALIU RECUKRD TYPt SPECIFler 1IN
& YSUBPUNTINE READEKR, " /71X, "*xhxn?,9X, "REUUEDST FUR DAITA 1NPYUI
REMATNDER OF RUN FILE SKI1PPEu,.')
BAU KuUN HEAUER KELCURU LATA,
"BIAS FUR TAPE',13,","'"/71X,'*axxx?,9X, Uk L/U ERROR 1w
PINTERNAL FILE <RNCHAKR>"/1X, "xxaxx',Gx, 'nfADER RECURDZ',
(HEX) " 714, "=xxxx',9x, 'RUN B31A53',]0,"',

INVALIU ARGUMENT(5) PASSED 1U

& "SUBRUDITTINE TABLE.'/71X, "xxxxx',9%, 'REWLULS]!

& YRARAME IFR INFIRMATION DENIED " /71X, " xx%xx' 9y, "RENAINUEK UF

s SKNIPPEY,Y) )

120 FURMAT(/R1, "*axx*x ERROKS
& " IBIIF /71X, Y anxxx', 9%, "RENYES]
& "UENIED« " /71X, "xxxxn', 9%, "REMALNUER UF KUN FILE SKIFPEU.')

Uy InPUT FOR',

REMALNDEKR UF',

FOR KUN

139,000
157Tv.00L
1371.000
1572.000
1375.000
15/74.0v0
15/5.0V0
1576.,000
1577/.vv0
1578.,000
1579.000
15b0.,0V0
1501.000
1562.000
1385.00V0
1584.,000
1505.0V00
1586,0v0
1587.,0V0
1588,000
1589.,000
1390,000
1391.,000
1392.000
1595,000
1594,0v0
1395.000
1396,000
1597.000
1598,000
1399,000
1400,000
l1401,000
laul.v0v
1405,000
1404,000
1du5,000
l406.,00.0
1407 ,u00
1408,000
lav3, 000
1410,000
1411,000
14i2.000
14135.000
14i4,0v0
1415,000
1416.000
1417.000
1418,000
1419.000
14ev,.000
1421 ,000
1422.000

INVALIL Aﬂuuntwlkd) FASSED Tu FURNCIIUN',1425,000
FurR bll FIELU eXIkACILIUN

1424 ,000
1425,000



130

140

15v

160

170

180

190

200

2l

220

230

2490

250

26U

270

&
&
]

CFURMAT (/A "#"arnk ERKORS

L]
&

>

&
[}
&
]

"~ g

o Qe =

%
&
3

&
&
&

&
&
&

&
&

&
&

&
%
&
[

]
&

&
&
&
&

FORMAT (/AL ' "xner ExXKOK?

UNUEFINED PRE CLUE uBTAInNED FRUA RUN

JiX, VY xanmxt ,9X, "HEADER KECORD ('s3l2xyl0)s* (HEX) )o'/14X,
tawxant, 9K, "REYAINDER UF RUN rILE SKIPFEDST)
FURMAT( /AL, "*esnx ERRKOKRS OKIPFILE ENKUK ERWCUULIERED ON FAPE '»
YURIVE wHILE PRUCESSING"/Z1xs " ranax’,yx, ' TAPE niMoeK's13, ",
VINUE(FRULINATE VAPE POSLIYIDN, /1x,  exxxw?y9x, *RENMALOVER OF °
"1APE FILE SKIPPEU, UISMULNT TAPE.')

REWIND ERRUK ENCUUNTERED O

' WAILE PWOCESSENG "/1X,'wwnant , 9X,'{art NymsER " 24350 Y

FURMAT(/A],"*aexa® ERKUR?

PANEL CUMNTRULS,.')

BACKSPACE ERRUR EnLQUATERED un TApc '

"UREVE WHILE FRUCESSING'/IXe'aanaw',9x,'TAPE NymBER'(13,

RUN UmRER', I5,°',

INDETERMINAIE TAPE FOSITIUN.'/1Xx,

’

"RE%IND TnE TAPE USTUG ITHE TAFE'/1X,"=www??,q9a, "ORIvVE FRONT',

’

Tanwan?, 0%, "REMATWOER OF TAPE SK1PFEL. MUUNT A NEw TAPE IfF °*,
'VESIKED.')
FORMAT (/Af,"#xsw* EQnNKk: PRUCESSING ITERMINATED 1N SUBKRUUTINE °*

"OHUFFLE Ve in

FURMAT (/A1 "*axax ERROKS

ERROR Iiv'/Z1X,"wwwwn®,9x,'rynclIUN IBIIF, ',

RUN FILt SKIPPED,")

ERROR ENCOUMTEREU 1N SUBRUUTIWNE °*,

"IRANSFER DURING WKITE ATTEMPT'/1iX,'awxax',9%,*TD DISA FILE

'<DAYA>, UMIT MUJMBER',135,"',

{HE EKROR QCCURRED wHILE'/1X,

YRaxant,9X, "PROCESSING RUN SUMRER', L5, ', UISK RECURD NUMBER',
Ibl'o')

FURMAT(/A),"axrar ERROK?

ISUBRUDTINE DUMPJATA wHILE"/1X,"'wxxxx?®,ux, 'PRUCESSING RUN '/

TNUMBER ", LS5

FORMAT(//7A1,104,"'D1SK DATA LUAUL bQOK KON wumHER', I9,"
NF UAIA REWUESTED:'yro.u,’
OF DAtA PRNOLESSED:',Fu,.d,"

J/711%, YAMUIINT

PROBADLE UVER=WR1TC COWUIIIUNS'/Z1x, "#xkwx!,
9%, *REMATNNER NF Kkyw FILE SKTIFPEUL.')

YRECOKD NUMBER:',1u/711x, 'LAST DISA kcULURV Nor3ERS'»18/711X,
YTOTAL WUMBER OF U[S< RECURUS wWRIVIEN FUR TnIS RunN:',13)

FURMAT (/AL " *rrar ESKORS

UNABLE TU WKRI(E nEADER RECOKD anwu ',

'PRURARLE OVEX=wR1TE Cowolrlou.‘/IX,'-yt--',QX,'R;MAINUER [V [ )

ILLEGAL DALA KELURD NyMRER PASSEUL T0 '»

'DIRELTURY [nrdxkMA(IQw TO DISn'/lX:'*-lt-f,9!:'F1LE <SAEADER>',
FUR RUN NUMBER',19,°, THE DATA FUK THIS K" /11X, "ramax', 9%,
"WILL RE UELFIED SIwCk NN IVENTIFItrR Chw bE SIQOREu.')

FURMAT( /AL, "*nna* WARKNINGLS

NO DATA RtCuruS WERE FuUND IN twue !

YTAPE FALE FOR RUN'/1X, "sxess®, 11X, ' NUMBEKR',ID, ', NO DATA '
YWAS RRITTEN 10

FORMATU{ /A1 kamuk ERRONS

FORMAY (/AL ®*uxa® ERRORS

IS AVAILABLL

ISK. ')

NO VALID DAJA FrUM RUN NUMBEK', IS,

10 STURE'"/1X,"*axax?, 49X, 'O UIS3K. NU HEADER'
' RECURD UR NIRECIURY INFURMAIION FOk THID'/iX'#awxs’,yx,
*RUN WILL BE DSTORED ON DISK,.')

A FATAL TAPt ERKUR HAS OCCURKED Ow ',

YIAPE NUMBER®,I3,', ' /1%, ' axxan?, yx, "CUNIIIVUE PROCESSING ON '
YA wEa TAPE It DESIKED.')
FURMATL/10X,A1, " {HE USER HAS RERUESTEL T1HAT',F8,4," SECUnNUS OF
*RUN WINHER', 1S, 8k PRUCESSEV,')

FURMAT (/A1 "Rmnx* AARNING?

YAERE FUIIND AT

'IPE OTARI

CuilInuieS.")

TAU CONSELUTIVE EnNU-UF-FILE MARKERS

Yy

THE START'/1X, "waxwxx?, 14X, "'0F (APE NUMBEKR',I3,
THE TaPE IS ASSUMED Tu BE RLARKG'/1X,  awerw', 11X,
*OTSA0INT TAPE, ')

FORMATUL/A), "awrwn pARNINGE AN EnND=0OF=FILe MAKRKER

109

AAS FOUND AT

UF TAPE NUMBER' 13, %" /)X,"axaxa® 11X, 'PROLESSING',

tarc uURIVE',

15 CUMPLETE.?
QECUNDS'/IIK,'AMUUNT',
SECUNUD ' 711X, PFINST DISK 'y

l4co,000
14e7.00u
1d23,.000
1429.0v0
l45v,000
1451,000
1432,000
1435,000
1454,0v00
1455,000
14356.000
1437,900
l450.000
1439,000
16440.000
1441 ,000
1442.000
1443000
1444 ,000
1445,0v0
1446.,000
1447 ,000
14648.0V0
1449 ,0v0
1450.0v¢0
1451.000
1452.00¢
14535,000
1454,000
1459,000
1450,000
1457,000
1458,000
1459,000
1460,000
1461 .00V
146,000
1463,000
l4b4,000
149,004
146,000
ld467 .00y
1468.,000
l46v.000
1470,000
1471.,000
1472,000
14735,000
1474,000
1475, 000
147,000
1477.000
1478,000
1479,000
1480.000
{481,000
1482.000



280

285
29v

300

304

308

310

320

33u

340

350

360

370

380

998

999

FURMAY(// /AL, "UEVICE S51ATUS COUES Al PKULKAM TERMINATIUN

o 9 2x 0

FORMAT(//7/7A1, RN STUP 11ImE:  ',12,':',12,':",12)

FORMAT /AL, "2xrxx ERRORS

o oxx

@ 9 @ gu @0 Q¢ ¢ (%

'FIkS1 DISK RECORD

ERROK IN CLUSLNGL <HEADER> AND/UR
Y<DATA> FILES. CHECK THE JUSIAT'/1X,"*xxxdx' 9x,'cKkrux CUUVE
'YAMU IHE PAKAMETERS Iw THE CLUSE SIATEMENTS.'/1K, "*xanx? 9x,
'tHE UPERATING SYSTEM wlLL CLUSE ALL Orbw FILES AT
VIERMINATION' 71X, "axakx',9X,'UF 1Ht MPRUGRAW, ')

FURMAT (1n1, ' 1PAR MAGWETIC TAME Tu UISK UALA
¢+ "CUAPLETED PrOCESSING, THE T01ALSD ARe AD FOLLUWS:'///71X,
'NUMBER UF TAPES PRUCESSEV:',13///771X,'PRUGiKAM 5TATLISIICS',

31X, "ACCERPTEN" 9%, "REJELTIED ' /11X, 70 (1H=~) /71X,
"NUMBRER OF USER SELECVEU RUNS Oiv DISK',10x,': YelusoX, 871X,
"NUMBER OF TAFE pATA RELORDS READ ANU PRULESSED:
IB/Z1X, "NIMRER NOF WRITE ATIEMPTIS TO DI41 FLLE <pATa>
18,9, 18777714, "RUN NUMBER',SX,

LAST DISK RECUKU'/1X,535(1H=))

FURMAT(4X, [d,14Xs15,16%,15)
FORMATU// /A1, FILE VAME',42X,"3 <HEAUER>',54,"'<vAia  >'/

[

FORMAT (/A ], " *axxx EIRDA:

1X,75011=)/1¥s '"FILE S1ZE (Tliv SECIuUKS)',29X,":
/11X, "WMBER DF SECTORS AVAILAEBLE BEYUNU CURREWN[ PuSillun:',
FlO0.2e3X,F1U 271X, "RUMBRER NF RECURULS AVAILASLE BEYUND
'CHRRENT POSITTIOW: *hIb,OXs12)

UNABLE TO UPEN <hEADER> AhD/Ux <vAalAa>
Int

& 'OUISK FILESe'" /1K, '%xawxn’, 9%, '"CRECA THE PARKAME IERS IN
A

YUPEN STAVTEMFNTS,')
FURMAT{/Aa1,10%,"THE wEXT
& I9,'."711X, SELECT A
FURMAT (Z10X,A1,"THE USER

& ' Bt SKIPPEL,'")

FURMAT (/AL , "®a*xx WAKWING? JHE #AXIMUM AvAILAbLE KRECURU NUMBEK

& 'FUK DISK FlLE <pATA>

& 'WILL Rt EXECUTED.')

NEA RANGE UF KURS GRrR A

KJN NUMDER ON THr CURRENT DATA

Ik

(IN HEX)'ld4B5.0u0

’

rlZOIZ(DXIZd)/15XI

’

’

‘YI18,9%,18

/1XeSY(LH=)/1X, ' TAPE URIvVE's1EX,"3 Ye /1%, 'CNSILE 10X,
Y3 Y,70/1Xs'LINE PRINTER', 10X, 's ', 28/1X, " [NTERNAL
PFILE <RNMCHAR>: ', /ZH//1X,'0ISK FILES',12x,': urtn',
Gx, "ARTITE', 8%, "CLUSE /15X, *<HEAUER>?
Y<NATA >3 ', 7H,2(9Xx,70))

Yol8s5X,

’

IRANSFEK PRULIRAM HAS

TAPE [5',

HAS RENUESTEL THAT 1dHE KEMALIWDEK OF
& 'UATA YTAPE [NMMBER',13,' BE S$XlpPrv.')
FUKMATL/10X,A1,"1HE USER HAS REAUESIEV 1RAT Ky wymBER', 1S,

HAS ' /ixXe"*x*xx?, 114, 'bgen EXCEEVED,
& "W AUDITLNNAL DATA STORAGE FUOR RUN NUMDEK',1D/1X, " *x&xxx?,11X,

FURMAT (/A1 ,"mexxx wARNLING: THE MAXIMUM AVALLABLE RECONUD

s 'RUN wpMABER', 15, WILL NOT bE PRUCESSER.')
UNARLE TU MUUNT THE ULSK."/1X,"'xxxrx!,
& 9X, 'EXRUR CcuUNE: ', Z8,' (HEX).')

FORMAT(/ALl,"*xxx% ERROKS

FORMAT (/AL s "xx*xx ERK(KS

UNARBLE TO LDISMUUNT THE DISK.

& *REMOVE THE DISK MAWUALLY'/Z1X, ' xaxx2x',9x, VERKQON CUVE:S

& 28, (HEX) ')

FONMAT (Z7AL, " *arxx yarnInG:

’

wey DATA TAPE.')

NUMBE R
& 'FNR UISK FILE <HEADER> HAS'/Llx,'**»xx’,14x, 'BEELN EXCEEDEV,

AN ERRUR HAS UCCURKEU ON UUIPUTY,
& YUTU IHE SLU FILE'"/71X,"sxnxxx', 11X, "TAcULATE DISK KECURD

& VINFORMATION FOR EACH RUYN BY BAND'/Z1Xx,"=axxxx',11%,'tN CASE ',
& '"WRINTED UUTPUT 13 LOST.') T

FURMATU/ZAYL "X xxxx rarkInG:

& 'PadsSeEn 10U SNBsRuUL INE

& YCALLS 10 SURKRIUTLIE O1PUT FUR COURRECT OUTPRyYl COukS.')

RETHKN
EnND

110

AN MDEFINEU ULUTPUT Lut HAS BEERN
OQUTHFUL ' /1K, "*xxxx'y 114, 'CHECK ALL

’

’

’

’

l4o4 .00y
1485, 000
14b6.000
lav/ UU0
L4bb.Vuy
14d9,.00v
1490 .00V
1491.,0V0
149¢2.,000
1495.060
l1a94,0v0¢0
1495,00Y
1496.000
1497 ,000
1498.,0v0
1499.000
1%vU.00U
1501.0v0
1502.000
15v03.000
1504.000
1505.uvy
15uL.bUY
1507.006
1508,00V0
15uY.0V0
151v,000
1511.000
1512.0V0
1515.000
1514,000
1515.00v
1516.,000
1517.0v0
1916.000
1519.,000
15¢v.000
19¢1.000
1522.0u0v
15¢3.000
1524.000
1525.000
1526.,000
§927.0400
1528.0v0
1529.0V0
155v.000
1551.0vv
1532.000
1535.000
153%4,000
15355,000
15356,000
1537.,000
1536,.,000
1539.000



OOOO0O00

SUdBROUTINE FILES (I0P, [ERK) 154v.000

1541 ,000
A AN AR R AR RN RN RN ARANRRANRRRARRR 1542.00¢
« * 15435,000
L SURKOUTIwnE FTLES * 1544 ,000
* " o 1545.000
AARKAR R AR AR AN RRARRRRAARK NN RNRR 1l946.,000
R 1547.000
LUSTCAL PyBLIC, SHARE, MESDAGE 154,000
CHARACTER &4 NSIAT, NSTAT 1549000
CuMMUN /7 TOUUNTY /7 nTAapP, nSLD, HHUR, NOTA 1550. 000
CUMMON 7 DVSTAT 7 wsfatTrl, #4STAYA, wSTATH, NSLATDe wSTAIC, wNSTATLs, 1551.000
& MSTATHU, NSTATLO, WO1AINL, WSTATDC, WMUUNT, 1952.0v0
] HNIISMNT 1555.000
CuMMUN 7/ DISK / NSZHEDLR, NSZUATA, noPSCin, WbPNREC, NIPDKEC, 1554.000
1) NAPPLSE, RASPACE, WNKRMREUR, RUSFACE, NKRMDATA, 1955. 000
[ NRIMPLSE ’ 1556,000
CuMMON 7 M»ISC / CTIMER, Cl1vEA, rLSPTREC, VLSPUREC, TAOEOF, 1557.000
& HEWiRANGE, ALL, MTIME(3), MualEL(3), NkULL, BELL 1558.,000
DIMENSIDN mMTBuUlF (19¢2) o ’ 1559.000
VAlIA PUBLTC, SHAAKRF, MESSAGE 7/ @ % FALSE., .IRUE. 7/ 1360.000
IF (10P .EV. 1) THEw 1961.000
CALL XeMOUNT ('DISC3', 'DM', PUBLIL, MNESSAGE, SHARE, =10, 1502.000
& MT3UF, NMUUNT) 15635.000
IF (NMOUNT JEW. V) IHEN 1564.000
wRLTE ('UT', LU0, JOSTAT = NMOTAIC) beil 1569.000
LF (WsfATr Ed. ) THEW 1566.000
REAU  ('UT?, '(2Aa4)', IUSIAT = NOSTALC) RSTAT, LOTAT 1567.000
IF (NSTATC .€W. 0) [HEN 1568.000
UPEN (WRUR, FILE = "wDISUST(SHANNDRIREADER', 1509.000
] FILESIZESNS/HEUR, ACLedS = 'DLIRECT', 157v.vu0
.Y FUKM = '"UNFORMATIEU') ReCL = NOPHREC, 1571.000
'3 STATUS = HaTAT ,IUSTAT = STATHO) 1972,000
UPEN (WDTA, FILE = 'oDISCOT(SHANNON)UATA', 1975.000
& FILESIZE=ubZUAlA, ACCESS = "DIRECT?, 1574.,0090
3 FORM = YUNFORMATIEU®, KcCL = NBPUKEC, 1575.000
& STATUS = NSTAT, lu31AT = WOTA(WY) 1576.,000
IF (NSTATHU oNbto. 0 JUR. WSTATLYU oNE, D) THEN 1577.000
IERK = 2¢ 1578.000
CALL UylPUT (31) 1579.000
EL OF 1580.000
ItRR = 2 1561.000
EfU AF 1582.000
ELSE 1583,000
IEKR = 1V . ’ 1504.000
caLy ouTrdT (2) 1585,000
ErD IF 1586.000
ELSE 1587.000
IERK = 9 1588.000
CALL UylPUT (3) 1589.000
END ]1F 159v,000
ELSE 1591 ,000
leErRp = 17 1592.000
caLy NUTPRT (57) 1593.000
gEnt IF 1594.000
ELSE 1595,0u4
IF INSTATHD .tfl. W) 1596.000
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& CLNSE (WHDR , STAIUS = 'KEEM', INSIAL = WITATHC)
IF (NSTATUN ER, V)
5 CLOSE (NDTA, STATUS = 'KFEP®, IUSTAT = ws5HaTnL)
IF (NOTATHL _wE. U .OK. NSTATUC .NE. U) THgw
IErRR = 21
CaLL QUTPUT (29)
EwWD Ir
CALL XeDISMNT ('D1ISCS*', NUSINT)
IF (NDSHMNT oME, 0) CALL DUTPul (38)
Ewnv LF )
RETURN
CrxaxxFYURMAT SIATEMENTSS

100 FURMATL/A1, "ENTER>  FILE 31ATubS FOR FLLE <HEAOER> Anu FILE ')
& "<DATA>' /9%, (TYPE <wtiw > OR <ulLv > LEFT JuUSTIFIEUL AnU ‘',
& YIN (2A4) FURMAT)Y)
END
SUBRUUTINE DISKCHEK (I1Ruw, [DReC, ICAkk, IERK)
c
C T TS T I
C ® *
c * SUUPUUTINE DISKCHEK *
C * *
c AR AR R AR A AR R AR KN AR ARRRARRRK AN
c
COMMUN 7 DVSTAT / NSIATT, NSTATH, wSTATh, w$51AT), NSTAIC, wSTATI,
& NSTAIMU, NSTATUO, NSTATRC, wSTATDC, NmUUNT.,
|3 NDSMNT
CuMMUN 7 DISK / WSZHEN&, NSZuala, NoPSCIR, woPHREC, NBPOKEC,
& NBPPLSE, RASPACE, wRNMHEUR, RLSPACE, WrMUATA,
& WRMPLSE
CUMMUN / MISC / CliweR, CTIMEA, PLSPTIREL, PLSPLREC, TaAOEUF,
& NEWRANWE, ALL, MTImbLlS), “UATEL3), nNROCL, BELL

DATA 1rm, LDm /7 v, 07

SPHK = FLOATUINLPHREC) 7/ FLOAT(nNAPSCTR)
SPUR = FLNAT(NDPUREC) 7/ Fi_OAY (WUPSLITR)
IF (1CHEK .Eu. 1) THEw

RHASPACE = FLNAT(4SZHELRI) ~ FLUAT(INKUN = 1) *» SPHR
NRMHEDR = THTL(FLOAT (NSZAEDR) / SPHR) + 1eE=3) = (Iktun =~ 1)
RUSPACE = FLNATLW45>20ATA) = FLUAT(IVUREC = 1) = SPDR
NKMDATA = TWTUL(RDSPACE / SPUR) + 1.E=3)
NKMPLSE = TRTL(FLUAT(HRDATA & NUPUREL) / FLUAT (NBFrPLSE))
& + 1.E~3)
IF (NKMHEUKR _LT. 1) THEWN
RHSPACE = U,
NRMHEDK = UV
IeErn = 22

CALL OQUTPUT (36)

WRITE L'UT', 1luo, InNsSTaT = WSTAIC) BELL, INUN
ELSE IF (RRMHEDK 5E. 1 +AND. NROHEUK JLEe 5) THEN

IF (WRMHENK LE, 5 = IAM} THEN

WRIIE ('y1', 2vvu, IusSiAal = wOITATC) BELL» RHSPACE,
-& ’ NRIMHEDR+ LRUN=1
' IHM = ThM + 1
ENO IF
END IF
EL SE

RUSPACE = FLOAT(NSZHEDR) = FLUAILINUND) x SpPHR

1997 .00v
1598.0u0
1599.000
1600.000
loul vuY
1602.000
levs,vuo
1ev4,000
105,000
lovb VU0
lou7,.0u0
leUB8 .00V
leuY.uuy
lelv.00Y
1611.,000
lp12.000
1613.000
loeld 000
1615,000
1616.000
1617,000
1618000
1619,000
1620,000
1621.000
loce. 00V
1623,000
1624.,000
ip25. 000
1626.,000
1627.000
locb. 00UV
1629.,000
1630,000
led1.000
132,000
1655.000
154,00V
1635.,000
10636.000
165/ ,000
1638,000
1659,000
1640,000
1641.000
1642,000
1645,000
1644,000
1645,000
146,000
1647,000
lod4d,vu0
1649,000
1650.,000
151,000
1652.000
1695,000



NKMHEUR = INT((RHASPACE 7/ SPRR) + 1.tE=3) 1654,000

RUSPACE = FLOAT(NSZUAIA) = FLUAVUIUREL = 1) = SPUK lo5SY.0vv

NRWDALA = INTLCFLOAT (WSLDATA) / SPUK) + (eE=5) = (Iuwkl = 1) 1650.000

NEMPLSF = INTU(FLUAL (NRMDATA * NHPURECS / FLUAT(NGPPLDE)) loS57.000

& + 1.E~3) 1658.00V

IF (NRMDATA ,LT. 1) TntEw . 1699,000

RDBPACE = v, loby,0uv

NRMPDATA = NRMPLSE = V lo61.000

IERe = 23 16bc.000

CALL DUTPNIT (35) 1663.,0u0

WRITE ('UTY, 300, INSTAT = NSTAIC) werl, JUREC leod, 000

ELSE 1F (NRMDATA .GE. 1 JAND, NRMDATA JLE. 5S0U) Tdkwn leb5,.000

LF (WREDATA Lk, SU) = junxfux) Tnew 166,000

WRITE ('uT’, 4gv, IUSTAT = NOTATC) BELL,RDSPALE, NRMDATA,1667.000

1 NRIMPLSE 168,000

TUM = TUM + 1 16069,000

ENVL IF 1670.,000

END IF 1671.000

EwD 1F 1672.0u00
RETURN : 1673,000

C 1674,000
[ FORMAT STATEMENTS: 1675.000
100 FORMATUZ1X, AL, "wxxxx yARNINGS DISK FILE <hEANER> 1S NUT LARLE ', lo76.000
% YENUlIbH TO STURE HEADER'/1Xsdwaxxx®, 11X, "ANFUKAATLION FOR 'y 1677.000

3 YRUN NyY«BER',15,°',.") - 16768.000

200 FURMATU( /71X eAl, "*xxxx WARNIWG: THERE ARE UNLY',F/,2," SECTORS ', 1079.000
1] TAVAJLALLE AN DISK FILE CHEADER> . ' /71X, "xxxxx?, 11X, IHE LAST', 168V,0V0
4 * RUN THAT CAn BE PrROCESSED IS5 WuMBER',Id>e%.") 1p81.000
300 FORMAT(/Z1xsAl, "2xwaw wakNINGS DISK File <valA> IS NOT LARGE ', 1682.000
& TENULGH TO STUKE UATA'/1X, '%xxax?, 108, 'KELURD UMBEK',1b,'.') 16483.000
400 FORMAT(/1xs AL, "sxxxx nAxnInGE TRERE ARE UWLY',FT7.2.°' SECTURS ', 1684,000

& 'AVATLAGLE IN DISK FILE <DATA>, "/1X,**xxa%t, i1y, "ONLY', IS, 1665,000

& ' MURL uAfA KECURUS (*,I8,' PULSES) CAN dE STURED.') lo86.000

EnND 1667.,000
$A1 LUOLI=SRILIN,,u 1688.000
$A1 DO1=SKTIULR,,U 1689.000
SEXECUTE CATALUG 1690,.,000
OPTI0n PROMPI tovl.0u0
A2 635LU,2000 lov2.0v0
A3 1=MILUCU, NPT, U 1693,000
BUILD LUAD U NUM 1o94,000
SEO0J 1695.000
33 1696.000
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5J08 A3566000 COHEN, N
SOPTIUN 1 5 4 5
SEXECUTE FURT7/

COOO0OO000000OCOO00OOO000OO 0000 NO0O00000000000CO0O00O0n0000000

PRUGRAM UATAK

THIS PROGRAM IS WRITTEN TO REDUCE THE IPAKk LATA KECORD.U IN PANAMA

0004,0u0
00L5,.000
VOLb,000
VoL7,000
LoUB,0ULY

CITYy IN UECEMBER OF 1982. THE DATA THAI WAS CULLEUTED UN THAT FLELOOOWY.000
TRIP WAS KRECUROEUL UN MAGNETIC TAPES. TALS DATA wAS THEN TRANSFEREL U0lV.000
TO A HARU UTSK IWTT Q4 THE 6T SEL. THIS PROGRAM READS THAT DISK ANDUULL1,.000

ANALYZES THE DATA AS SPECIFIED BY THE USEKR,

THE OATA MENTIONED ABOVE CONSISTS UF THE KEITURN SILWAL utr A

BINARY PHASE FNCONEND TRANSMIT PULSE. ThHeSt PiLStES ARE ARKRANGEU

IN "RUNS' UF 2U0U UR SU REIURN PULSES, cACH PULSE CONSLSTS UF

32 2«BIT VALUFS IMUTCATING PULARILIZATIONS ThHIS PRJURAM REAUS THUSE
REVURNS, CURRFLAIES THE KETURN SIGNAL wllh IHE TRANSMITIED SIGNAL,
ANV ANALYZES THE SPFCIFIED SURSET JR SUBSL1S ur IHE CURKELAIIONS,

THE USER SPECIFIES THE SUBSETS, CHUOSINGL FRUM THE FQOLLUWLINGS

(1) THE COKRELATION OF ALL RETURNW SIiuNALS,
(€) THE ULIPUT OF UNE PARTICULAR BIN,

(3) THE PEAK NF THE RETURN SIGvAL.

(4) [HE POSTIIUN AT adHICh THE PEAK ULCURED.

THE USER THEN SPECIFIES THE ANALYSIS TU Bk PERFyRMED UN THE CHUSEWN
DATA SUBSET, THE CHUICES ARE THE FOLLUWINGL:

(1) STATLISITCAL AVALYSIS (AVERAGE ANU S1ANUARD DEVIATIUN),
(@) HISTUGRAM AMALYSIS (UCCUREWCES UF A LIVEN LEVEL UUIPUT),

V0l2.0v0
UL13.000
001l4,.,000
0015.000
bulo.0UY
VUL7.000
0018.000
0L19.00LY
0020.000
vlel.vuo
V022,000
V025,000
00e4,.000
029,000
026,000
vuer.0u0
002b.000
VYE9.00v
0V3V.000
v031.000

(3) AUTOCORRELATION UF 0uTPUHT (GLVES thICATIUN UF UECURRELATIUNOO32.000
TIME OF TAKGET. THIS IS MEANINLFUL UMLY FUR QATA SETS (2) 00035.000

(3) A80vE).
THEN THE QUPUT FURw MUST BE SPECIFLlEu. THE CHUICES ARE:

(1) PRINT 1IN PAPER.
(2) PRINT 10 THE TERmINAL,
(3) PLUT THE DATA,

NOI ALL COMBINATLIONS AKE PUSSIBIE, FUR EXAMPLE, [F DATA TYPE (¢2)
IS SPECIFIEOQ ALONG WIFA IHE STATLSITCAL ANALYSLS ahNp PLUT UUlpuT
UPl1DN, IHE LATA wlLL ™wOT BE PLOTTED SINCE THE STATISTICS wQULL
CONSLIST UF ONLY UNE AVERAGE AU STAMDARU LEVIAULION, wHICH wOULL wnOI
PRODUCE A KEASUNARLFE PLOT. S0 IN UCASES WHEKRE SEVERAL DIFFeREWN]
DATA TYPES, ANALYSES, LR OQUTPUT UPTTIONS Art SPECIFLED ALL REASULUy-
AdLt CUMUTINAIIUMS ARE PERFURMEU, AN THE UNKEADUNALLE COMBLINATLIONS
AKE IGWUKREUL,

®% PROGRAM ORGANIZATIUN nx

Dut TN TAF AMOUNY UF DATA TQ BE AMNALY/ZEUL, THE UAIA IS KtAV [N

TU AN ARRAY IN BLOCKS UF 96 KRETURNS, AL 1mpORTANT INFURMATIQN
1S EXTRACTED FROM THIS BLOCK OF REILKNS, AND Trngn ITHE NEX] BLOUK
IS READ iN. In THIS MANWERK AT NUO 1EME 1S LT WNECESOARY 11U HAVE
ALL 2000 R S0 RETURNS [wn IHE COMPUTER MEMUKY S [MUILTANEUUSLY,
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0034,000
003S.000
0036.000
0V0s7.000
0u38.0u0
WU39,000
0040.000
0v4l.v00
VV42,00L0
V045,000
[VRTEr R TI 1}
yudS, 000
V046, VL0
V047 .000
V048, LVO
u0ud9 .00y
050,000
(V3 TRV
ous2.0ue
00S535,000
V094,000
0055,000
JYU96.000
0US97.000



OO0 O00N0OCO0O0OOO0O0O00O0OO0O0O00O000OO0O0O00O0O00O0OD0O00O0O00O0O00O0O0O0O0OCEO0O0

THE MALN PrROLRAM CUNSISTS OF Tw0 LUNPS, Oivk NESTED INSIDE 1HE

UTHER,. THE UUISIDE LOUP ALLUXS THE SasMt AMALYSES 1y BE PERFURMEDL

ON MANY SUCCESODTVF RUNS (wAdERE A "RUN' LS UEF [NEU ARUVE).

THE INNER LQUP PERFNORMS THE ANALYSES Fur J1dt SPECIFIED PULSE
NUMHERS wIlHIN A GLIVEV RUN. WITHIN THI®> LUUF IHE SyskJUlLwES
STal, HIST, aANU aulQC ARE CALLED., THESE KUUTINES SAVE IRE
INFURMATLON EXTRACTED FRUM A GIVEM RUN AND PULJE NECESSAKY FUK
THE CALCULATIONS OF THEIR RESPRECVIVE ANALYSES, AF1ER ALL SPEC=
IFIED PULSES FUR A GIVEN RUN ARE ANALYZrL, (HE SUBRQUTINE
WRAPULP IS5 CALLED TO TAKE CARE OF THE UEVALLS OF THE ANALYSES
WHICH COULD NOT HAVF 3tEiN DONE UNTIL ALL PULSED WEKE
CUONSIDERED.

TnE LOGIC OF MUST UF FRIS COVE SHOULL bt EASILY UNUVERSTOUU
BY ANOTHER PHROGRAMMER, THOUGH UNE SELTIuwn OF THE MAN
PRUGRAM [S CONFUSING, THE CUNFUSIUN ARLISES FRUM ThE FaC\
THAL MUMPREC(96 FOR IPAR) KETUnRND ARE REAL Al UNCE FRUA

THE DISK, AND FRUM THE UNCERTAINIY CUsCERNILG THE vaLIODIlY
UF 1HU3E wETURNS., DUE TO THESE FACTUKS lhnKbtt VARIARLES Uk
DISTINCT BUT SIMILAP (AND SO CUNFUSING) USES wbERE REWUIRED.
THUULH THESE VARIABLES ARE DESCRIABED 2ELOwW, 1T MIGHT HELP

.TO EXPLAIN TREIR DIFFERENCES HERE, INU¥ I> A LOuP VARIABLE

THAT EXECUTES THE ANALYSIS SUHBROUTLNES UNCE FOR EAUH Guuu
PULSE RETUrNED FROM GTPULS. THE ALUTUAL Numder OF ThE PULSE
IS WUT REPKRESENTED AY [NDP, ONLY THE NUMBER GF THE PULSE
WITHIN THE NUMFREC PULSE BLOCK JuSl KREAU Lmn., LNLPULLS, ON
THE UTHER HAND, REPRESENTS THE ACTUAL PULSEt wUMBER OF THE
FLIRST PULSE IN THE PRESENT 8LOCK 0OFr KETURWND, IHIS IS NEEDED
TU REAU THE APPRUPKRIATE BLUCK UF RETUKRND FRUM IHE LISK,
FINALLY, ISOFAK KREPRESEWNIS THE TUTAL NUMBEKR UF GUOL PULSES
PRUCESSED UR BEING PROCESSED SU FAk, FUR EXA4VLE, IF Tht
PROGKAM IS PRESENTLY PrROCESSING THE 2u0lh PULSE IN A GIVEN
RUN, INPP SHUNLD AE 8 SIikgk THE 20UTH PULSE 13 THE ATH
PULSE LN THE THIRD BLUCK OF KETDURNS (Trk BLULK ~UMDER IS
IKRELEVANT Tu INDP), IwOPULS WOULV BE 195, ldt iJbBMER OF
THE FIKRST PULSE IN THE THIRD HLOCK OF RETUKNS, Ay [SOFAR
WUULYU dE THE NUMBER UF GUOD PULSES PROCESSEu OK BELNG
PRUCESSED 50 FAR, SAY 19S5 IF S OF THE PULSES FKpMm PyLSE

unt 10 PULSE 2V0 HAD 3EEN BAU,

% VARIAHBLES an

NOTE: VARTARLES £DIUG [N "Y' AKE INTeEWOEUL TQ 8t AsSIuwty THE
VALUE Y UR N. THESE VARIAbLES INDLCAIE whbtIHEK UR NOT THal
SPECIFIC ITem IS REQUESTED HY IHE LSER.,

ALDLINYN ALL STHNS TU UE AMALYZFL?

ALBnSC THE SUM UF 1nE CURKELATLR UJIPULl Furk ALL BINS,

ALbSCE THE SUM UF TRE CURRKELATON OuTPUl SWI)ARED FUR ALL BIND,

AUINBIN IHE JEGUENCE CUNSISTING UF Int UUIPOL UF ONE
PARTICULAR dIw,

AUTUPK ITHE AUINCORRELATION UF ThnE StUUeNLE COwSLTING UF THE
PEAK NUTPVT Fipe EACH PULSE 9nwUER COndTOERATIUN.

AUTUYN PERKFURM ANTICORRELATLION ANALYDIS Y

AVOL UK AVERAGE LORKELATUR OULIPHE FUOK EALH Hin,

BAULU . AUTOCHRREL IO UF THE SENUENCE CONSISIH [ uF THE

VBTPUY NF UNk PARTICULAR (UStk SPEC(HIED) BIN.
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vuUSb.VLU
VUS9,.LL0
Vuo0,u00
VublavUV
Uube.0U0
Uubs. 000
V064,00V
v0bS.0v0
Uue6.000
oo/’ .000
vob8.0U0
[VICR V)
0U70U.000
0071.000
vu72,.,000
VU7S5.000
V074,000
Vu79.000
0070.,000
V077,000
Vu?b.0v0
vV073.000
(VIVY. SO TN TR )
vosl.000
vub2.uu0
VU8s,0v0
VuB4,000
VB9 ,.,0uVY
VuabL ., 00U
vuB7.000
vuBE. 000
V089,000
[VIVE XTIV X 1}
V091,000
VY2 . vuo
vu9s.vu0
vu94,000
V095,000
VUY6.U0U
V097,000
V098,000
Uv99,000
Vluvu.0uv
v101.0vu
vive.ouo
vivs.vuv
Dlug,.0u0
Vluv.0vb
Vivb.0uu
V107,000
vivs.uvuo
0lug.v00
0llv.uuu
vill.nuo
ulle,ouv
0113.00¢
0lld.,vy0



OO0 CO 0000000000000 000000000000

BAVs
8SIi

Cove

CORR

FILTER

HISTYN
1 .
IsInnQ
IERR
IHSTBIwN
IASTPK
IH3TPUS
Inop
INDPULS
INORUN
IPULFN
IPULST
IRUNF N
IRUNST
ISUF AR

ISTaART
IsiuP
LENFILLT
LENGTH
NUMURE

NONE
NOMGUOOUV

NUMPKREC
oNtunNS
UNEGNS e
ONEBNYN
rauluJ

PCisu0n

PEAK

(THE AUTUCORRELATION OF AUIUBLN),.

fHE AVERAGE QUTPUT 0OF Une PARIICULAR B3IN,

THE STANUARD DEVIATIUN UF 1HE UUTPUT OF UNE PARTICULAR
BIn,

USEN ONLY IN SUBROUTINE COrreL, CUUE IS THE CcOUe TO

'BE CURKFLAYEO, USUSALLY THIS 1S UNE OF 1Ht SEGUENCES

IN "KETHYRMSY, WHEN COKREL1l IS5 CALED FROM SUBRUUIINE
WRAPUP, HNWEVER, CUDE IS ThE SEWQUENCE SPECIFIEL FOR
THE AUIOCORRELATION ANALYSLS.

vilb.0v0
ullée.000
0117.000
vlld.0v0
0119.,000
01204000
0121.000
Vlee.vuo
0125.000

CALCULATED IN SUBRUUTINE CORREL. THIS vARIAdLE KEPRESENTS0124,000
THE COKRELATIOW UF A CUDE THRUUGH A FILTER, USUALLY ‘'Cuve’'01¢2%.0u0

THROUGH *FLLTERY, BUT ALSH REPRESENTY THe AUTOCURKELATION
UF ThnF DATA SPECIFIED FOK USE In THE AUTUCOURRELATIUN
ANALYSIS TIF CALLED FrROM ROUIINE axkAPUP,

{HE FILTER, OR TRANSMIT STIGNAL, IHIS IS USEV AS 1HE wEFER-

vlce, 000
vie7.00v
vicdd.000
U1e9.0u0

ENCE 0OF CORRELATLIOwW UF THE VARILIAuoLE 'Cuok'., LT IS REAU FRU130.000

fHE HdEANER IWFURMATIUM RY kDuilne GEIHEAO,

HISTUGKAM ANALYSLS NPTINN CHUSENTY

LQUP VARIAbLE

SPECIFLEU dliv NUMHBER,

ERROR FLAG GEJERATED IN XEAQ 10 UISK.

THIS TS5 THE HISTUGKAM CALCULAIED FUR ONE PARTICULAR BN,

V131,000
0132.0V0
0135,000
0134,0v0
V135,000
ul36,0v0

THIS 15 THE AISTDGRAM FOK Ine PeAn DUTPUL UF THE CORKELATDUL137.000

IHE HISTUGRAM OF THE PUSITION UF THE PEAK GUTPUI UF Ixt
INUEX 4SED T ANALYZE EACH PULSE.

INDEX FOR THE PULSE LOUP (luanekR LUGP AS VESCKRIBED AjUuvej.
INUEX FOR THe RUN LOUP (UDIER LUUP aA> LESCRIBEVD Aduye).
LAST PULSF NUMBER 3PECIFILED,

FIRST PULSE NUMBER SPECIFIEV.

LAST Rudy NUMBER SPeCIFIEv,

FIKS1 RN NuMBer SPECLrItUL.

fHE VARTARLE KEEPING CUYNT UF HUw MANY PULSES LOUKED AT
3N FAR HAVE BEEw VALID.

THlS 15 A PJOINTER TO TrE STariING RECOKRD NUMBER

FOR THIS RUN. '

PALINIER TN THE STOPING RECUKD NUMBER FOR THIS KUN,
LEnGIN OF 1H4E FILTER (FRUM hEAUEK) .

IHE LENGTH OF THE INPUT Cpue, SHUULD BE 32.

LOLTCAL VANTASLE TWOICATING THAL1 THE LAS1 PULSE IN A
SIVFIN KN HAS BEEN REAU, THIS [S 0SEn IN THE CASE THAT
MOKE PULOES HAVE BEFN REuneSTeu THAN EXIST FUR THAT wyi,
IN WHILH CASE 'Y VUMURE' QuTUrnd FRUM IUBrUUTINE SIPULS SET
TRUE. ’

BOLLEAN VAR[ABLE IN0OLCATLING THAT1 THEKE NAS NU SULH RUN.

THE wielRER OF 50UD PULSES Liv #nk MUS! RECENTILY ReAU oLOCK,

CALCULATEU In GTPULS.

THE ®oitM3eP OF PULSES PEx DLISK Kelukue 3hyULD Be 96,

THE SUM UF THE CURRELAIOKR DUIPUT FUR JNE PARTILULAK BIN,
I1HE Sli UF THE SWUARe UF Tue UCURKKELATQR LylPul FUR gnNE
PARTICULAR 31N,

ANALYZE UNE PARTICULAR BIN?

FHE OSEWHEMNCE CUNSTSTINL UF fHe PEaK CQRRELATUK UUTPUl FOR
EACH PULOF wnnNer CUNSTUEKATIUN, U HAE USED Tw SubRUUTINE
apTnce,

INUILATFD AMAT PERCENTAGE UF 1AE REQUESTED PULSES wgKE
LOUDe PULSES THAT ARE JUN=EXLSIEwNT &pRe NUT CUNSIVERED,
CALCULATEND [N SusRUUYINE CURKEL, FEAM [S THE PeAR CulipPurv
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v1358.000
ul39,.,000
V140,000
v14l.0v0
vilde.vou
0143,000
V144,000
v145,0v0
Vldb,0uvy
V147,000
vlda8,0v0
0149,000
0150.0v0
vlb1,000
0152.000
v153,0v0
vld4,000
V199,000
0156,0v0
v157.0V0
vls8,000
Uld9.,0U0
vlel.0v0
vlbl.vuy
vievd,Uvgy
Ulos,0v0
V164,000
V165,000
vleb.v00
vle7,0vo
vlb8,000
vievy,vvo
0170.0vvy
0171.,0v0



OO0 OO0 C OO0 00000CO00000000000000000000

UF ThF CURRELATUR Fior Trk LIVEN PuLst, Vl72.uu0

PLARYN ANALYZE THE PEAK CURKRELATOR Qulpul? V175,000
PRAVG [HE AVERAGE PEAX CURKRELAIQOR OUTPUI, V174,000
PKPOS 1He POSTITUN OF THE FEAK CURKeLATUR LUTPUT, U179.000
PKPUSAV THE AVERAGE POSTIIUN OF I1HE PEAK LURNELAIQR OUTFULT, 0176.000Q
PKPUSSu THE STanuARD DEVIATIUN OF THE PEAK CURKRELATUR UUIPUT PUSITUL77.000
PRPUSYN ANALYZE 1HE PEAX PUSITION? vi78.000
PKS Sk UF THE PbAK COWRELATUR 0UIPUTS, 10 BE OSEL IN CALCULATUL179.000
AVERAGE PEAK. vigl.uvo

PKSIGL STAVUAKRD NDEVIATIUON OF PEAK CURKELATOKR JUTpUT. visl.uuo
PKSe SUM UF THE PEAK CORRELATUR OUIPUlL, 10 8E USEDL In CALCULATULIBE.UUO
STAMUDAKD NDEVIATION OF PEAK (PKS]G), Ul8s5.000

PLOAYN PLUT DATA? vls4.0v0
PUSS . Suym UF PEaK PUSITIUNS, Visv. 000
POSS2 Sum UF PeaAKk POSITIUNS SQUAKREDL. Ulob, 000
PRPAYN PRIMI DATA TU PAPER? 0187.,000
PRSCYM PRINT UATA Tu SCREEN? vlsg,. 00y
P3avVE AVERAGE FEAK SINDELUHE LEVEL. V169.000
PSS16 STAMNDAKD NEVIAFION OF PMSL, Ul9v.0vo0
PSL PEAK SIDELU4E LEVEL, IN DR snbEN EXITING LOWRREL. 01%1.000
PSLCOM PEAK SiDELUB3E LEVEL UF AVERAGE CUKKELATQR OUTPUI. ul92.000
RIAVG AVERAGE INTEGRATED SIDELUHE LtVel,. V195,000
RISIG STANUAKD DEVIATIUN OF 13L, V194,000
RLSLCOM INTFLRATEQ SIDELUBE LEVEL UF AVENRAGE CURKELATOKR uUTPUT. v195.0uu
RLPGCO™ LOSS It FRUCESSING GAIN UF AVERAGLE CURKELATUKR uUTPUT. Ulve . 000
KwE N INUICATES THAT THE USER ~wANTS AN enTleELY NEW DATA StT. V197,000
RETURNS THE SF1 UF 96 RETUKRN SIGNALS (CUDES) TUu BE ANALYZED, v198.000
RISL INTEGRATED SIDELUBE LEVEL, IN D8 whEN EXLITING CURREL. 0199,000
RLPG THE LOSS In PRUCESSING GAIN, IN DB, 0euv.0uo
SIGLuUK STANUARD DEVIATIUN OF THe CORRELAIUR OUTPUYT FuUk ALL BINS. 0201.000
STATYN STATISITICS ANALYSIS KEQUESTEULY? v202.0uu
Stue INDICALES IHAT THE YUSE® waANIS 10 STOP, 02us5.000
SUMLSL fHEL SuUM UF THE INTEGRATED SIOELUBE LEVELS FOR USt 1IN V204,000
CALCULATIMG AVERAGE ISL. U20u9.000

SuMISLé Sym UF INTEGRATEL SIVvELObBE LEVELS SJUAKEL, veob.Quu
SUMLPG THE Shis UF THE LUSSES IN PRUCESSING bAlN. 0207.000
SUMLPGE IHE SuUM UF THE SWIARE UF THE LPG VALUES, veud.ovu
SUMPSL THE Si¥m UF THE PEAK STOELDBE LEVELS FOR USE IN CALCULATINGU2U9.000
THE AVERAGE PSL. 021v,.0uu

SUMPLSE Su+ UF PEAK SIUELOBE LEVELS SUUARED, vedil.u00
TCvotE TEMPURARY STURAGE FOR IHE CUDe 10 BE (SEV IN SUBRUOUTINE u2ie.oue
COKRELy ANHICH EXPECTS A UME DIMENS[ONAL ARKAY. 215,000

Vel4d.u00

V215,000

vele.0uy

*r SUHNRQUTINES »w ¢2l7.u00
Uuels.vuy

INIT1AL CLEAKS ALL AxRAY VALUFES 10 fokU, TWiS [S v0dE beCAYSE 0219.040
MaANY AKRAYS awe CALCULATEH) INUKEMENTALLY [HRUUGHUUT 1HE geev.vue

EXECUTION OF THE PROGRAM, veer.ovu

SLECTIV SELFLT TuHPUT/ZQUTPUL, IHES RUUVLNE ALLUANS THE USEKR TO veee..tuv
SOECLIFY IHE ENPUT VATA SETS, ITHE ANALYSES TO Bk PERFUKMEUD,UC25.000

AND THE UNTPUT FURM, vee4.,0uv0

ALERIU THES ALLUMS tHE USER TU ALTER PAxY Ot ALL OF THE INpPUTS Ueev. 0o
WITHUT IYPENG AL NF THEM Jw AGALN, Ueéb.0UU

GETrtAv IHLES RUNTIMNE GETS THE HEADEK InwFURMALIUNY OFF THE vl3K, vaer.oul
GIruLS tHIS RUNTINE GEFS Twe SPECLlrley oLUCKA OF 96 PULSES FKRUM vees..uuo
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oo oOOCOoOOnNOOCO0OO0O0O00n0n

cu

Cu

S
HI
AU
WR

DA
S1
TA
Uiv
I3

&
&

x

RREL
RKREL1

AT
ST
Tuc
APUP

TAuUT
AVEC
BLE
PACK
1IF

LUGTCAL

THE UISK, AND RETIHKNS WwITH THUSE PULSES AND A COUW4T UF HUAUZ2Z9.0UU

MANY NF FHE PULSES weRb LOOD LLONTALINED NO ILLEGAL CrAR-

ACTERS),

SUBRULITINE CURREL CALCULATES tht CURRELATION UF A COUE
THROUGH A FILVER. IT ALSO CALCULATED THt PEAK S1IDELUBE

ANU INVEGRATED SIDELUBE LEvVelL S

STMTLAK 10 CURREL EXCEPT FUR Ithe ARRAY S1/E. {H1S
IS TU CORRELATE THE LARGER AKRAYS Fyk THE AUTO=-
CORRE[_ATION ANALYSIS.

SUBROUTTINE STAT UPDATES THE SIATLITSICS AKRAYS.
SUYBRUNTTWE HIST UPUAIES THE rlSlubrRa™ ARKAYS,
SUYBRUNTINE AUTOC UPDATES THE AUIGUURRELATION AKRAYS,
fH1S RUNIINE TAKES CARE UF Trk LUUSE ENDS WUT TAKEW
CakE Nk LN STAT, HLIST, 0k AuTuC, )
THIS TS IHE GENERAL OUTPUT ROUTinE.

EXTRACIEU FrOM MLKE SHANOMR'S DISLLD RUUVINE
EXTRACIED FRUM “IKE SHANNOAN'S LEISCLY ROUTEINE
eEXFRACVED FRUY “IKE SHANKNOML'S DISCLD RUutINE
EXTRACIED FROY ALKE SHANNOW'S LISCLU RUUTIWE

NOMNDKE y NUNE , PUBLICYMESSAGE Y SHAKRE

OIMENSLON CORR(6S1,FILIER(S2),TCUDE(SC),,MIBYF (192)

CUMMON/ARRAYS/ ALRNSC(2000),ALBMOCCLEuuy]) RETURND (Yb,32]),
AVGCOR(63),S5TUCUR(63)»INSTRINLGES ), LIHSTPK(DS), LHSTPUD(63),
BADTOLRV001,PANTO(2V00) » AUTUBINLGUVU ) ,AUTUPK (4000

UATA PUBLTIC,ESSAGL ) SHARE/ «FALSE e, e TRUE ., TRUE,/
CALL XemOUNE L'DISCS', 'Dm'y, PUBLIL, MEDSSAGE, SHARE, =1u,

MTBUF, NMOUNT)

UPEN (2, FILE = '&LISC3T(SHANNMUNIHEAVER',
FILESIZESSV, ACCeSS = 'DIKECT',
FORY = 'UNFORMATTEU', KELL = 24,
STAaTuUs = 'uLL' )

VPEN (3, FILE = '"AUISCST(ohANNUNIDATA',
FILESIZE=SU0OU0, ACLESS = 'LIReCI',
FUrk4 = 'UNFORMATTED', KECL = 708,
STATUS = 'ULb')

40 CALL SLECTINUIRUNST, LRUNFNy IPULST,1PULFNsALBLINYN, PEAKYN,
PRPUSYN, MINEBNYN, TBINNU, FRPAYN)PLOAYN,STATY N, HLISTYw,AULUYN,
PRSCYN)

SO CALL ALTERIOUIRINST, IRUNFN, TPULS!, LPULFNsALSLNYN)PEAKYN,
PKPUSYN, DWFONYMN, TAINNU,PRPAYNSPLOAY v, O IATYN,HLISTYN,AUTO0YN,
PRSCYN,KNEW, S 0OP)

IF(RNEW ER*YTIRUTUAY

LELSTOP 2R Y IGUTY2U00

LF (ARUNFN LT, 19400} [RUNFN = 1D0V

UJ 190V LMNURUN = TRUNST, IRUNFN

]
&

]
&

&

CALL InIVTAL(SUMPSL,5UMISL,PKS,PRSE,PUSS,PUSD2,ONEBNS,UNEBNSE,

SUMPSL2, SUALSL2, SUMLPG, dUMLPGE, FlLIER,)LURK)

NOWE =

FALSE,

CallL GETHEAD(FLLIFR,LENFILT, INURDM, LSVAKT, ISP, NONE)
IF (NONE) GULIU 100D

LSUF Ak
NUMPREC
LENGTH
lLeuput s

0
2 Y6
32
= LPUILSTY
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uesv,.0ud
ve31.uo0
0232,000
V233, vuo
veisd.ovo
02355,000
V236,000
veld7.uuy
veis.uuv
Ve39,000
u2du,000
ucdl . 0U0
L Y-
ued 3,000
yeskd,uuo
Uedb . 000u
padob,0u0
Ved7,0uu
veus ., 000
ved9,uvuo
uesv,.0V0
vedl1.0u00
0eS5e.0V0
uess,.uuo
0esSu,000
UeoH,. 000
0256.000
Veb7,.00v
uess.0uu
ues9y,0uv0
2oL, 0uQ
veol,vuvo
uldoc,000
ueb3,000
uebd . 0uy
Udod.Uu0
Vebb.UUVO
267,000
vebb.Lu0
ucbY. VUL
0270,000
vell.ouo
uere.ovo
uers.uug
uel4a.uuo
vue/s5,0u0
vuel6e.0uvy
0e7/7.,000
ue78.0u0
ue79.0u0
uesu,.uLo
ueol.0u0
vese.uvo
ueas.uuo
veod,.,U0u0
uebs5.,000



100 CaLL GTPULS(INDQUH,INDPULS;NUMGOUD;NUMURE.lslARTrISTUPrLtNFILl) Vedb,000

IF (NUMsOUD.LI 1) GOTL 300 ves7.uLo

VDO 250 IwpP = 1,MI4G0U00 Uebd.0u0
ISUFAR = ISNFaAR + 1 V289,000

0O 1S I = 1,LENGTH 0290,000
ICUDE (1) = RETURNS(INDP,I) U291.000

125 LONTInUE 0292.000
CALL CURKEL(CNRR,TCOVE,FILTER,LENGIH,PEAK,PKFPOS,PSL,RISL,LENFILF, 0293.000

& RLPG) 0294.00Y
CALL STAI(LENGIHsALBINYN,PEAKYN,COKR, 0295.000

5 PEAK,PKS,PKSP s PKPUSYN,PUSS,POSSE,PRPUS,0NERNYN,ONEBNS, 0eY96.000

] ONEGNS2s TBINNU,PSL,RISL s SUMPSL,SUMLSL»dUMPSL2, SUMISLEr RLPG, 0ev’/.00v

& SUMLPs, SUMLPGE) 0d98.000
CALL HISV(LENGIR/ONEBNYN, IBDINNU,PEAKYN,sPEAK,LORR, v299.uuu

& PAPJUSYN,PKPUS) V3V0.0UY
CaLL AUTUC(CURK,PEAK,PEAKYIv, UNEBNYN, LB InNO, ISOF AR) 0301.000

2%0 CunNTINUE vsve.0uvy
300 IF(NUMURE) GUTU S0G V3U3s,000
[NDPULS = IWDPULS + NIJMPREC V304,000
[FOINDPULS.L! JIPULFN) 60T0O 1v0 03u5.000

SU0 CUNTINUE V3v6,.000
PCTGUOU = 100,00 * FLOAI(ISOFAR) /7 (1NUPULS-1) 03v7,.,v00
CALL wWAPIHP(LENGTH, [SOFAR, STATY Ny INEUNYN,BAVL,BSIG,OnEBINS, 03508,000

5 ONEBNS2 , PEARYH,PKAVG ,PKSTbL,PKS,PKSE,PKPUSYN,PRPOSAV,PRPUSSG, V309,000

& PUSS,PNSSS,AUTOY N, SUMPSL, SUMISL,SUMPSLE ,SUMLISL2,PS5AVL,PSSLG, 0310,000

% RIAVGI)RISIN,SUMLPG,SUMLPG2 ,KLIPGAVG RLPGOSIL, LENFILT,PSLCUM, 311,000

& RISLCUM,RLPGCUM) vile.uue
CALL DATAQUT(STAIYM,HISTYN,AUTUYN,ALBLINYN,UNEBNYIN, IBINNU, V313,000

& PEARYN,FKPOSYN,PKAVG,PKOIG, PKPOSAV,PKPUSSL,BAVG,B510, ISUFAR, v3tda,000
& LEMGTH,PSAYG ,PSST6,RIAVE, RISTL, RLPLAVL,KLPGSTG,PSLCUM,RISLCOM, 0319,000

4 KLPLCUM, INDRIIN, PRPAYN,PLTGE0UD) V316,000

1000 CONTINUE V317,000
GU10 Sv V318,000

4" X1V CLOSE (2 » STATUS = 'KEEP") 0319,000
CLOSE (3, SIAIYS = 'KEEP') 0s20,.,0U0

CALL xeDISMRT ('0ISC3', NLSWMI) 0321.,000

EnD vice.,00v

c Us23,000
c : . 0s524,000
c V325,000
Caasassnnnaasnrnrntnntntannanns SUBRUUTINE IwITIAL staxatansantataaatanzxrav3cdo,000
SOBKUUTIWF TulITAL(SUIPSL,SUmMISLsPKS,FRSC,P)SS,PUSS2,UNEBNS, use7.0u0

8 ONEUNI2 e SUMPSL2 s SUMLSL2 e SUMLP L, SUidLPLE,F ILIER,, CUKR) uies.ouu

c 0529.,000
C THIS ROUTINE CLEARS ALL [HE ARRAYS IN Ine CUMMON BLUCKR, AND A FEW QOF u330,0uy
C  THE SIMPLE VAKIABLEDS usktd In SyokUuilive oSTal, V331.000
c 0s32.u00
ULMENSLON FILTERL3Z),,CURKR(O3) Vss3.000
CUMMDNZARRAYS Y/ ALBNSC(20uN) , ALBNOCC(2UVU) ynETUURNS (96, 52) V534,000

a AVGCOR (63),5TLCURLAS) Py IHST3LNLS9) RS IFA(0Y),LnstPUS(0S), V535,000

L3 GANTQL2U0U) e PAITO(2U0UD) ¢ AUTURLN(4UVU) ¢ AUTUPR (40uUV) U336.,0V0
SUMPSL = 0. V337,000
SurMPsLe = 0, V538,000
SuMIdL = 0. V359,00V
SuMIsLe = v, 0340,900
SumLPG = 0, V341,000
SuHLPLe = o, ' V342,000
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OO0

OO0

10

au

30

40

PKS = v

PrSe = 0.
PUSS = 0.
PUSSE = v

ONEBNS = 0.
UNEBNS2 = v,
Uu 1y I=1,52
FILTERC(I)
CUNTINUE
vu 2v I=1,
CORR(I) =
AVGCUR(T)
S1GCur (1)
IHSTBIN(CI) = 0
IHSTPKLT) =
[HSTPOS (L) = 0
IHSTY I Lby)
IHSTBIw(6S)
IHSTPK (o4)
InSTPK (o05)
CUNT IMNUE

Ov 30 I=1,20U0
ALBNSC(I) = U
ALBNSC2(I) =
BAUTUC(IL) = O
PAUTU(I) = 0
CUNTINUE

Dy 4u [=1,4000
AUTDBIN(L) = O
AUTOPK([) =V
CONT INUE
RETURN

EnU

v

W

ninnco
c <

<

9
u
v
v

Hwnnumn

0

ARRKRRRRARK R4k akkkavx SUSROUTINE SLECITU XAAXXRARa XAk Ak ok kxRN K Nk %

SUBRUUTINF SLECTIN(CIKUNS, IRUNFN, TRPULST,, LPULF Ns ALIINYN,PEAKYN,
PRPUSYN,ONEBNYN, [BINNU,PRPAY Y, PLOAYN, 3 ATYN, HISTYN, AUTOYN,
PRSCYN)

THIS RQUTINE READS FYLE [NPUT TU VEJEnwINE WHAT THE ODESIRED I[NPUT/
LU iPUT I5.

10

ev

39

40

LENGTH = 32

ARITE('1ITY,10)

FORMAT(' xxx SELECT laPUT BUANITITES *x=xa')
WRITe ('QTY, )

WRITE('ur,2v)

FUKMAT (' IWPUT RUN VUmMpER rRANGE (FOR EXxamPLE 35,49)')
RKEAD('UT ', x) IRUNDT, [RUYNFN

wWRITE('ulr,30)

FORMAT (' INPUT PUILLSE WUMBER RANGE')
KEADU'UT', %) IPULYT, IPYLF N

wrlTE("uT,40)

FUKHAT (' CHOUSE UNE UR “UORE UF TrnE FULLUAINGE?®)
WRLITE (' ,50)
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V343,000
Us44,000
034b,000
V346,000
US47 000
03d8,000
U349.00u
U350,000
U351,000
0552.,000
V353,000
VsH4,000
u3sbH. 000
Us5b,000
0357.00u
0558.,000
Ush9,0u0v
[VEY-XVA VY]
Vs61.0vY
vib2.0U0
0365,000
V364,000
vsbb.uvo
VUS0b.0V0
V307,000
0368.,000
vse9.000
V370,000
0s71.000
Uslie.ovo
0s73.000
0574,.000
V375,000
V376.004
V377.000
Us78.000
V379,000
0380.00V
vs81.000
usde.vuv
Vs85.0v0
V384,000
U305.000
0s86.000
Vis/.0ul
Vs88.00V
Us89.0u0
viyu.uvuv
03591,0V0
Usv2.uu
U395.000
V394,000
0395,00v
V3Y0.0u0
U897 .,0V0
0398,000
V399 ,0uL



S5v
51

-6V
70

80

9u

1uy

110
129
13v

140

150
160
170
-160

190

ooDoOo

ISR FEEEESSZ RS FENRES RSN RS

FORMAT (' ALL RINL? (Y OR WN)')
READ(*UTY,S1)aLBINYN

FURMAT(AL)

WRITE(C'UTY,60)

FURMAT (' pEAK? (Y OR N)')

READL'UT' ,51)PEAKYR

WRITE('uUTF*,70)

FORMAT(' prAxk POSTIIIUN? (Y OR NO)')
READL'UT',S1)PKPUSYN

WRITE('UI',80)

FURMAT (' ONE PARIVICJLAK 8In? (Y UR nNU)')
READL'UT',S51)NWFaNYN

IF (OWFBRYN JE9. "N') GUTO 100
WRITE(C'UT ', 90)

FURMAT (' WHICH RINMZ')
READAL'UT Y, %} 1HINNO

IBINND = 181wNU + LENGTH
WRITEC"UT Y, »)

WRITE('UI',110)

FURMATLY wawx SELECH UUIPUT DEVICES =wr'y
ARITE (‘ufr,n)

ARITE(C'Ul'y120)

FORMAT (' PRINT Tu SCREEN? (Y OR n)')
KEAD('UT',51)PKrSCYW

ARITE ("1 ,1350)

FURMAT (* PRINT Tu PAPER? (Y UR w)')
READ('UT',51)PRPAYN

WRITE( "HTY,140)

FORMAT(' PLOT DATA?Z (Y UrR w)')
READL'UT®,S1)PLDAY

ARITE('ul s, n)

W ETE("uTY,150)

FORMATL® avrw Sci tCT FURCTIOHNY wawt)
ARLITE(' Uy n)

WRITE('lY4160)

FURMATLY STATISTICS? (Y JR ~NJ) ')
READL'UT",51)s8TAalYn

WRITEC'UT, 170

FURMATC( HISIOGRAM? (Y ur ) Y)
READ(*UT',S51)HLISIYN

aFTEC'ULY ,180)

FORMAT(Y AUTUCURSRELATIUN? LY OR w)')
KEADL'UT',51)AUTUYN

WRITE( LY, 190)

FURKMATL' wax DUNE wIlH SELECTION RUUILWE *%x')

RETUKRN
[

PRSUCYMN,/NEW,SIOP)

123

vaduu.0v0
v4ul,. 000
v4ve. 0uv
vV4avs.0uo
v4v4a,.0u0
v4usS . 0uL
V4ub.0V0
V4v7.000
Vald. VL0
V4U9.yL0
vdlu.vvy
V4d11.000
vdal1e.ovo0
Udls.vu0
0dld,u00
V415,000
U4l6.000
0417.000
V4186.000
0419.,000
v4cu.0uo
G4c1.,000
viade.vuo0
d4es.vvy
Qued . 0uv
ud4eo.0u0
Vdeba U0
0427.0v0
04¢8,000
vde9.0u0
0450,000
0u431,000
vdie.0u00
v43s.000
0434,0v0
[FLK S PRVAVEY)
V430,000
V437,000
UQ.‘G.UUO
va39,vuo
vd49,000
V441,000
V44e¢,0u0
V445,000
0444 ,000
V445,000
vd46,.0u0
vad/ ,000
ved48,uvvl
vde9,000

SUBRUUTTNE ALTERIU saxxwabawaxaxnaddxaxbakavanxGd50,000
SUBRUDLLWE ALTERINAINUNST , IRUMFN,TPULDS Y, [PULE N, ALY INY N PRAKY NN,
PRPUSYNp INFBMYMN, [OfVIU,PREAY 14 PLUOAY N SIATY W ohnisTYN,AUTOYNY

V451,000
v4s2,0vV
udS3,0V0
VUddd 00V

THES ROUTANE ALLOWS TnE JSER 10 ALTER THE InPUTS FrEVIUUSLY ENTEREDU4DD.000

0456,00y



2u
3v
49
S5
6V
70
8v
90
100
110
120
150

140

150
lov
170

180

lue
184
146

190

LENGTH 32

IsINNGO = TBINNOG = LENGTH
WRITE('Ult,x)

WRITE(C Ui, %)

WRITE (0l ,x)
WRITEC('5iY,10)

FURMAT("1axxxx 1HE PRESENT INPUT/UUTPUT SELELTIONS xxkka')

WRITE('UIY, %)

WRITE('UTY,20)

FURMATL' « INPUT QUANTITIES *'}

ARITE( BT, 30) IRUNST,, IRUNFN

FURMAT L (1) KUN NUMBER RANLES Yeldy' TU ',13)
ARITE ("N, 40)1PULST IPULFN

FURMAY (! () PULSE NUMBER RANGE: ",I4,' TL ',14)
WRITE('UT*,SU)ALDTMYY

FURMAT (" (%) ALL YINS: ‘vAL)
wrlTe ('UlY,6U)PFAKYY
FurMAT ! (4) PEAK: YYAL)
WRITE('OTY,7U)PKPNSYN
FURMAT (" (S) PEAK PUSITION:S ',AL)

WRITE('UT'yBUGYIGNERNTN

FURMAT(? (k) ONE PARTICULAR Bld: ',Al)
I (UNERNYN.EQL'6') LOTO 100
WRITE('UT'y9u)1IBLNND

FURMAT (! (7) BTN WUMRBERS ',13)
WRITEC Ul %)

WRITEC'UT',110)

FURMAT (' « OUTFUL DEVICES SELECTED »')
WRETE('HT Y, 120)PKSCYi

FURMAT (" 4] PRivwl T SCREEWNS 'rA1)
WRITE('UT',1350)PRPAYN
FURMAT (* (9) PRIVI Ty PAPER:S ‘yAL)
WRITE('Ul',140)PLDAYN
FORMAT L' (10 PLUT DAYA:S ‘eALl)

WRLTE('OT Y, %)

WRLITE ("Y1 ,190)

FURMAT (' « FUCTIUMS SELECTED ')
aelTE('ui'y160)SHATYN

FURMAT (' (11) STATISTICS: 's41)
WRETEC'UE'»170)HEST YN
FURMAT (' (12)  HISITuGrAM: 'yALJ
WRLITECTUE'180)AUTLYR
FURMAT (' (13) AYLICORRELATIONS ‘vAL)

WREITE('UT Yy x)

Wi ITE(TUlIT,182)

FurMAI (' (14) DATA IS CORRECIY)
ARTTE('UL Y 184)

FUrRMAT(' (15) ALL «Ew DATA')
ARLTEC'ULY ,184A)

FURMATLY (16) STuP')
AWRITE('LT Y, 190)

FURMAT L' FWTER NluMdEx OF THEK YOU aANE Tu CHAnGESY)
READL'LT ! %) IlcHNbRY

Kby = 't

S1OP = Y
IF(ICANGNN.FH,14)RUTuUlBYY
IFCICHUGNNNE L L1S)YROTU 147
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vdS7.000
vds8.0uu
V459,000
460,000
Va6l .000
V462, UV0
Vdo5.000
V464,000
Jab5,000
U4o06.000
VUdol .UV 0
udbB . UL
ude6Y,uv0
va70,0u0
vdil.uv0
Uu/icd. 000
v4/7s5.00U
val4,000
va7s5,0uv0
V476,000
0477,000
va7sd,uvl
v479,0u0
VdBY, 000
V4sl,. 000
U40c2.000
04835.000
V44,000
V4B, 0L0
0486,000
v4g7.ouve
0488.000
0489,000
Vd490,0v0
0491.000
V492,00
0495.000
V494,000
0495.000
V496.000
vdd7 .00V
V498,000
0499,000
uSov. LU0
Usul.0ve
ysve.ouvo
USUV3.000
VHV4,. VUV
USU5.000
UaLbL,.UULO
09507 .000
USub .00V
(VYT JVEVEY)
Ua1lv.0vv
0911,000
Uslea.uuv
uats,0vu



187

195
200
205

219
219

2ev
22%
226
230
255

24u
245

25y
295

26v
269

27
els

dev
285

290
2995

39v
U5

510
515

3ev
325

RilEw = 'Y
GOro 1vou
IF (ICHNGWNQ.E . 16)GUTU 195
Srup = 'vy?
GOIo 1vov

GOTUL2VU,210,220,2350,240,220,200,270,28Urc90r300,310,320U) [ICHNGNQ

WkITE( UT,2US)

FURMAT (' TNPUT RUN NUMHER RANGE')
READC UT®, *) LRUNST, IRUNFN

GuT0S

wrRiITE('ul*,215)

FURMAT (' TNPUT PULSE NUMBER RANGE')
READL'UT', *)IPULIT, IPULFwe

OIS

WRITE('uT',225)

FURMAT (' ALL BINS? (Y UK N)')
READ('UT',22D)ALBTINYY

FURMAT (A1)

GUTOS

WiTeE( UL ,255)

FORMAT (' PEAK? (Y OR N) V)
KEADL'UT' , 20 FFAKY Y

GurToS

WRITE('UT?,245)

FORMAT (' pEAR PNOTITION? (Y Ok &)')
READ('uT',220)PKPOSYiy

GOTO0S

WRITeE('UfY,255)

FURMATL® ONF PARTICULAKN BInw? (Y UR V) ')
READ('UT Y, 22b)UNTIINYN ‘ )
GuT0S

wRITE('Ul?',265)

FURMAT (' RIM NUMBEKR?')
KEADL'UT, x) [ALHNO

GOTOS

AT ('yr',275)

FURMAT (' PRINT TU SCRELn? LY OK w)')
READUL'UT',226)PROSCYN

6T NS

wRITE(*'UT Y, 2065)

FUKMATLY PrRINY TU PAPEN? (Y UR M)Y)
READ ("UY',2b)PRPAY Y

GyYOS

AWRITE('UT?Y,29S)

FuaMAT (' PLOT LVATA? (Y ur W)")
ReAD("UT',220)PLUAY Y

GuIDS

WKITE( ULy 30S)

FURMATLY STATTSYLICS? (Y UR ) ')
READLYUT',226)5TATY Y

GuTES

ArlTe('U) ', 515)

FORMATALY HISTOLRAM? (Y OR w)')

REeAD LT 226 TS5 Yy

GUTOS

WRITE( 1Y, 3¢5)

FURMAT (' AUTUCURKELATLIUN? (Y OrR w)')
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US14,000
U515,000
USlbo,.0vU0U
V917,000
V918,UL0
V519,000
u320.0uu
0521.000
uace . buu
Jh5¢s.0u
uhed. v
UHeo. v
0o¢b.000
05¢7 .00V
09¢8 . Uuy
0329.0V0
U9sSUD.LLD
0951 .000
UD32,000
0533000
V934,000
ua3s,.0ud
0936.00v
U937,000
V536,000
V539,000
954V, 000
US41,.000
ub42,uvuv
UoS435,000
044,000
UdS45,000
0540,000
V947,000
V948,000
0549 ,000
voSd.000
vo91,.000
v952.,000
0553.vu0
U954 .,00u
(V313 PRI VIT]
VoS0 .0V0
U957 .000
USO8 .0V
vaY.ouu
PR T- X 1]
Uvbl.uul
usoed.vul
use3.0v0
Unb4 ., 000
Vobv . 00U
V9bbh VL0
Us67 . 0LV
uSb8.0vy
05649 ,0u0
uS70.000



c
c
c
c

(s N aNgl

READ('UT?,226)ALTNYYN uo71.000
BUTECS 05724000
1000 WRITE(C'UT®,1V10) usT3.000
1010 FURMAT(' wxax ENU DAaTA ALTERING ROUTEINE *xxx') 05744000
IF (PRPAYW EA.'Y')GUIU 9999 US75.0V0
IF(PRPAYN ENG'NY)GUTU 9999 059764,000
ARITE(L,10) U577 .000
ARITE (1, x) us78.000
WRITE(1,20) 0979,000
WRITE(L, 50) IRUNST, IRUNFN va80,000
WRITE(1,40) IPULST,1PULFN Ubsl.000
WRITE(1,20)ALRINYN 0582.0V0
NRITE(L,H0)PEAKYN Ubs3.0v0
WRITE(L1,70)PRPUSYN voas4,000
WRITE(1,80)0nEBNYN VU385,000

1F (UNERNYN,EQL*HW')IGUTU 2000 USdb, LU0
WRITE(L,90) 18TNMY uss7.0u0
2000 WRITE(L,x) V588,0V0
WRITE(1,110) Uh09,0u¢
WRITE(1,12V)PRSCYN 0990 ,0V0
WRETE (L, 130)PRIPAYN uS91,v00
WRITE (L, 14U)PLUAYN 0592,0u0
WRITE(L, ) uS93,.000
WrITE(l,150) V994,000
WRETE(L,160)STATYN U995,000
WRITE(L,170)0TI8TYN 09596,0v0
WRITE (1, 1AV)ABTINDYN USY7,000
ARITE(L,*) u99y8,000
9999 IBINNU = TbINNU + LENGIH USY9,000
RETURN VXV YT

END voul. vl
veve,uud

V6V3,0u0

velL4,. 00U

RARRKXRR KA xR kakakxkxknax SUBRAUTINE GETARAD 2o aakaaxakaaaARAAXNAARXARRA2UOUS,0U0
SUBRUNN[NE GETHEAD(FLILTEN,LENFILT, INURUN,IDTART,LSTOP,NONE) vev6,. 00UV
vol7,000

THLIS RUUTIWE EXTRACTS THE HEANER IwFUKMATIUN, UeuUs . 000

: 06UY,0u0
COMMUN JUATAZ THUR4A(3),[BUF(192) volU.uuo
VIMENSLOw FILTER(32)vlFL(3d)IINDKU(S)rIHUnDAI(ba) V611,000
LUGICAL wONFE vela,uuu
NUNE = _TRUE. V613,0vvy

DY Jud I=1,57,¢ ubld,0u0
IF(THRONDATLY) (LF S THIORUNLAND o INURUMN JLE IRUNUAT (I+1))NUNESFALSE, vel195.u00

100 CUNTINUE UnlbelUUD
LF(NUNE) 6UTU 20 vol/,000
HREAD (2/RECESINNKIIN, [OSTATSTERR) InuR4, IOV AR, LD fUP Vblb.Uu0
IF(IERRUE D) wRITE(C YT, %) "ERKOK LN LEIHEAD' UblY, V0
CALL SVTAUEC LIHNK4(2),PRF,LENFILI,1ER) i V62U uu0

DU I=1sLbenNkFILT Jodl,uvo
FILTERLTISFLUAT (LTRLIF(IHUNG(3) ,1=1,1slr))xl=l) (VI Y-3-VITR]

Eab VO Vbas,uvl

20 CUNTINUF V24,000
ReETuRr V625,UV0
DAFTA IKUNDAT/ 06c6,000

L, ¢S5, 26, HSur 66U, 18, 10Gb, Llu, 115, 155, Goe/ u00
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& 158, 240, 299, 312, 3514, 3cH, 529, o444, 34/, 300, doch VLU

& 364, 379, 581, 391, 3935, 4u3, 665, bBE,IV]IV,1ycT, vyod4,000

% 1031,1046,1054,1005,1079,1087,1U97,1108,111¢,1119, Ve30,000

& 1126,1156,1105,1148,1149,1155,1174,1189,1194,12V6, Ub3l.0u0

& 1215,1254,1247,1287,1360,13/4,1385,15977 V632,000

END 0635.0u00

Cc Uo54.000
c V659,000
C ) Vb ib. VU0
ChramAnkabk kgt akakaknrbrad SUBRUUTINE GITPULS wakadahphhkhhhakharaxnrau0s/ 000
SUBRUUTIWE GIPULS (INURUN, INDPULS, dUMGUUD » NUMURE , LSTART » LOTOP, ve38.000

& LENFILT) V659,000

C [T N ]
c THIS RUUIINE GETS 96 PULSES FROUM [HE DISK, AnND RETURNS wiln THE Uodl.0u0
c NUMBER DF LOUD PULSES (WUUG0UD) ANU AN ARKAY (KETUKNS) FLLLED w[TH Ub42.0u0
C THE LUOUD RETUR®S. Vod43 ,uuy
c Vodd .00y
LUsICAL Goubd 0b4H,000
CUMMUM/ZDATAZSHURA(5), TolIF (19¢) Vodb . 000
CUMMUNZARRAYS/Z ALBNSC(20U0),ALBNSCE(QUUVI REITURNS(96,3<), Vbu7,000

3 AVGCOR(63),9TLCUN(63), [NSTRIN(69),1HOTFR(0S),IdSTPUS(BS), 06dd . 0u0

[ BAULO(2V00V) ,PAFO(2U00) s AUTULLNLLUUU) s ALTUPK (4000) ub4dY 00U

LU ICAL WoMNKF Vo50.000

Num = [SIAKT + 4un(INDPULS,90) = 1 V651.0uvY

READ (3,REC=NUM) TBUF v652.000

w=1 U6953.00Y

DU K=1,906 ub54,000

LbUUD = TRUE. V699,000

LU L=1,32,¢ 656,100
RETURNS(N,(!*11/2)=RL00«(IBIIFtluuF\é*K-l)oL‘loeoIERﬂ)) V657,000
LIF(AOS(KETURLS (N, (L+1)72}).GT,1.1)b0UU=.FALSE, vbS8.0V0

LU VO V659,u00

DU M=35,64,2 Vob0.VUO
RETURNS(N,tM*1)/£)=QLOUK(IuITF(IUnFthKJ.M-59.£,IERR)) Ubbl1,0V0

IF (ABS(RETURNS (N (M+1)72))1.GT,.1,.1)60UU=,rALSE, Vbbe. VUV

EnD WU ubb3.,000
1F(GUOU) N=N+Y vbb4d 000

EwD U U6boS.0v0
NUMBUDLY = Nhel Qobb. 000
NOMURE = _FALSE, UboT .00V

IF (MM EU ISTOPINUMUKE = _TRUE. vobB.0U0

Ke TUKN ubbY,0U0V

Ewb Ub7v.0uy

c ve7l.0uv
C vo7e.000
C ) Vb75.000
FUNC T Tun RLOUK (TICHUE) vb74.000

1PLSE = fcune + 1 ub75.0u0
Sr.LELT CAaSk (PLSE vole.0ui

CASE 1 Ub77.000

RLDUK = =1,0 ub7B8.000

CASE 2 ubl79,0v0

KLOUK = 0.0 Jesu,0u0

LADF 3 VoBl.0U0

&kLOUK = 9Y9.0 usocd.Vuv

CASE 4 VbB5,000

RLOUK = 1.0 ved4.ou0n
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EnND SELECT

06895,000

RETURN Up86,00L0L

EnND Vod7,.,000

C V688,000
C UbB9,0U0
C 0690,000
CAXRRXRRARRRRARANRARAARARRAAR SUBRUUTNE CORKEL tasxtkaxaxawxnttnsxnravaxxxx0691,000
SUBROUTINE CURKFL (CUORR,CUDE,FILTER,LENGIH,PEAK,PRPUS, 0692.000

& PSL,RISL,LENFLLT,KLPG) Yo93,0Vu

c 0694 ,900
C TH1S ROUIINWF CALCULATES THE CORRELATIUN UFr A CUUE THKOUGH A FILTER. 0Un95.0uvy
C IT ALSO CALULATES 1t PEAK,PEAK POSIIIUN, PEAR SLDELUAE, AWD UBYb . 0V0
C THE LTEGRATED SINELURBE LEVEL, Vb97 . 00UV
C } V98,0V
LVIMENSION COKR(63).CUDE($2).FILTtRl32{ 0699.000
CUMMUN/ZAKRAYS/ ALBNSC(2OU0) ,ALBNSCE(2uVU) ,KETIIRNS (Y6, 3¢), 0ruo.0vo0

& AVGCOR(23) ,STLCUR(HI) » INSTHINL6D) ,LnSTIPR(bS),LRSTPUS(63), viul.000

& BAUTN(200U) ,PANTO(RUV0) +AUTUAINLGUUL) pAUTUPKR (4000V) V7v2.0u0
LENCUR = 2 % LEMNLTH = 1 V7uv3.0Vv0

DU 19 [ = 1,LENCUR V7U04.0Y0
CURRLI) = y,u V705,000

InD = 1 = LENGIH u/ub., 00U

IF (INw,.LT.0)BUTUS 8707 .0u0

ILuw = 9IuB.0uY

IHIGH = LENGTH = TKO 0709.000

6970 7 071v.9u0

5 ILON = = D ¢+ } U711.000
IAIGH = LENGIH 0712.0v0

7 DU 2V J = 1LUW,THTGA U715.v90
CURRLL) = Cikk (T} + COLDE(J) * FILTEN(L ¢+ J = LENLTH) V714,000

20 CUNTINUE UT15.000

10 CunTLNUE U7llo40V0
PEAK = 0 V717,000

Dy 30 I = },LENCUR V718,000

LF (ABS(CURR(I) ) .LE.ABS(PEAK))IGUTUS3Y V719.00Y

PeAK = CURKN (L) 0720.900

PKP0OS = 1 = LENGTH 07¢1 .00V

30 CUNTILINUE ’ u/2c. v
PSL = 0 u723.,000

RISL = 0 U724.00U0

DU 4dv I=1,LFENCUR V7e5.,0v0

L (CURR(L1) «FUPFAK)BUTD 35 V/idb, vy

RISL = RLISL * (CURR(1))xx2 uleluul

35 IF(CORR(L) eEUPEFAK ORA4S(CORRIT)) LEPSLIGUTOUD vrc8.uvy
P3L = ARS(CURRLT)) V7¢9.000

40 CUNTILNUE v/ 50,000
LEARISL .Fu. 0.) RISL = ,yv00CU0L vIst.0uU
IF(FOL k9. U,) FSL = ,000uNuUn0t /32,000

RISL = RISLxx_ b/ (an3(PEAR)+,U0VLU0VYE) V7s3.,0v0

PSL = PSL/(ALS(PEAK)*,QUVOUULOY) vls54,000

KLPG = (ARS(PFAK)+,0uN0YUOQL)/ZLENFTLI u735.000
KETUHRN 0736.,000

(D] UI37T.000

C V738,000
Cc 0759.0v0
C 0/4v.u00
CAXAXRRA XK AR AR AR AR AR AR KRN SUHBKOUTNME CURKELL kA akxtaRa s kA XAk x0741l,000
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SUBRUUTTINE CURKFL1{CURR,CODE,FILIER,LENGIN) ul4e.0v0

C : vid5.,000
C THIS ROUUTINE CALCHLAITES THE CORRELATION UF A CUDE THROQUGH A FILIER. V/i4d,. LU0
o ‘ 0745,000
DIMENSIOW CORR(AUOU),CODE(2000),FTLTER(2VUL) V/ia6,000
COMMUNZARRAYS/ ALANSC(2000) , ALBHSC2L2UUY) sREIURNI(YE, 5], 747,000

& AVGCOR(63),5T6CUKLLS) » THSTBIALAD) 1 LASTPK(05),148TPUS(0L3), V7ud V00

& BAUTOL200U) »PAIl0(2000),AUTUBIN(EUVUUY) ,ALTUPK(4000) vida9,000

DU 1V 1=1,LENGIH Vis0.,000
CurkRLl) = ¢, u7s1,000

K = LEusTH = 1 + 1 07%52.000

D 20 J=z1l,RK 0/55.000
CURR({I) = CORR(IJ + COOE(J) » FILTE~X(J + )1 = 1) V754,000

20 Coinl INUE U/99%.00u

10 CUNTINUE Ul 96.0uy
NETUKN UliS7.000

EwnbL ulo8 ., 009

o VI%9.000
o VIBULU00
C U761.000
Chkhahhabkrahkkhahokrkakakrxkhkkatn SUSKOUTINE SIAT xrxtakaxprnkkkkakkakaeaaralibe, VU0
SUBRUYTTINE STATILENGTH, ALBINYN,)PEAKYN,CURK, V763,00V

& PEAK,PKO,PRS2,PKPUSY I, PUSS,PDSSc,PRPUS,UNEBNYN, UNEBNS, V70d,u00

& ONEUNS2, [oTHAU,PSL,RIDL,SUMPSL, SUMLSL,SUMPSLZ, SUMISLE, V7e9.00u

& RLPG, SIIMLPG» SUMLPL?) V766,000

c U767.000
C THIS SUBNROUTINE oAVFES THE DATA YECESSAKY FUR CALCULATING ITHE U/6B.0V0
C REQUESTED STATLISTICS JNFURMATIUN. B V{69,040
C U7/0.00u
DIMENSINN CNRKRLA3) V771,000
CUMMUN/ARRAYS/Z ALBNSC(20U0),ALENSCELENVU) s KETURND (96, 32), 772,000

& AVGCOR(63),9TUCURLAS) , IRSTALNLES ), LHSTPR(6Y),Ld5TPUS(03), VIfF3,000

& BAUTU(2000),PAHID(2000) ,A0TUILINL40VY) ,AUTUPK(400U) V71744000
LENCUR = LENGLTH % 2 = | V175,000
SUMPIL = SUMPSL + ¢SL V7ibL,UVO
SUMPSLE = SHMPSLE + PSLanp V777,000
SUMISL = SLMISL + KISL 0778.00L0
SUMISLE = SUMISLE + ]S =%xd 01719.000
SUMLFG = SUMLPL + KLFL Vls0,000
SUMLPRE = SHMLPGE + KLPGxxe UV7sl.0V0

Ir (ALBINYN.EQ"N') wUly 15 viv2. 000y

DU 1V 1 = 1,LENCUR V/ia3.000
ALBNSCLI) = ALuNSC(I) + CUrRLI) uibd,.uv0
ALBNSCE (L) = alnwsCelt) + (Curn(l))x*e v7I8S,uL0

10 COonT LMUE Olvo,.,VuU

19 IF(PEAKY N, EQG'WY) BYID 2u Vl8/4,000
PKS = PKo + PFAK u/g8.uuu

PKS2 = PKSe + PFAK#*=22 ulo9.000

v [r (FrrudsyYn.the'u*)isullav ul9v.u0v
rISS = PSS *+ PXENS Ur9l.uuu

PUSSE = Pdse + PrPiorsg ul9d.,uuo0

60 IF (ONEONTNGFu,'4')GDINgD V795,000
UNEBNS = OnEBNS + Cuxw (I3ILVY) 0794,0u00
UWEBNSE = UNERNSE + (CURIM(LHINNI) xxe) vigH,0ul

80 REIUKN 07964000
Env 0797 ,000

c V198,000
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c
c

CAAXARRARRA KAk kxkxaakakaxnknt SYURUUIINE HIST

OoO0OoO0O0

C
C
C
c

o000

AXKKNKRRNARRRR AR ARR XX R A RRAXN kX SUBKOUTIHE

SUBROUIINE HIST(LEMGIH,UNEORYN, TSINNU,PEARYN,PEAN,CURK,
& PRPUSYN,PRPUS) ‘

THLS SUBRUUTINE UPFDATES THE FILES NECESSARY FUR PROUUCING [HE
HISTUGRAMS,

DIMENSIDN ICURR(63),CORR(63)

COMMUNZAKRAYS/ ALBWSC(2000),ALBNSCE(2VUG) ,KETUKNS (96, 3¢2),

& AVGCOR (B3) ,5TGCUR(63), IHSIBINIAD) »LHSIPK(65),1HSTPUS (b S),
3 BAUIG(2U0U),PALIID(2UQU) »AUTUBIN(LUUU) s AUTUPK (4000)

LENCUP = P x LENLTH = 1

VO 1v [ = 1,LEnwCUR

ICORK (L) = (LORR(T) + %)

10 CunTINUE
IF (UNERWYW.ER."MN")GNTV30

IASTBIN(ICURK (i iNw0) +LENGTH+1)=IHOTOUIN(ICURR (1B ANNO) +LENGTA+]) +1

30 IF(PEAKYN ,EQ."Ww')GUTUSV

LPEAR = (PEAK + .S5) + LENGTH + 1

IASTPK(IPEAK) = L1ASTPK(IPEAK) + 1
S50 IF (PKPOSYW.EN'W')3UTUTY

LASTPOOD (PKPOS + LENGIH) = IHSTPOS(PAPUS + LENGTH) + 1
70 ReFURN

EnND

SUBROUFINE AUTUC (CURK,PEAK,PEARYN, UNEBNYN, I:3LANNO, TOUFAR)

THLIS ROUTILE UPULATES Tt FILES WECESSARY FUKR 1HE AUIQCORRELATIUN
OF InE RETUURN SIGHAL'S CORRELATIONS.

DIMENSION CORRL(A3)
CUMMUN/ZARRAYS/ ALANSC(20UN),ALbdC2(2UVY) ,REIUKRND (96,32),
& AVGCOR(B3) ,5T6GCUR(AS),INSIBLn(AY), LHSIPR (05),1HSTPUS(LS),
5 BALTO(RU0UV),PAHTD(20YU) , AUTURIN(UUOL) , AUTUPK (4000)
IF(ORFBNYNGEW, 'N'YLUI0LY
- BAUTU(ISUFAR) = LORRUIBTWNO)
10 IF (PEAKYN.Fu,."N"Yu01020
PauTU(1SUFAR) = PEAK
20 RETURM
EnD

SUBRUUTTWE WRAPIIPILENGTH, IS0FAR, STATYN,
& ONEBNY N HAVL ,, 3S1G5 s ONEBND,UNEHSE, PLAKY i, PRAVGs PKS[Gy
& PKSsPKSL,PKFPIDY I, PKPIISAV, PRPJOSL,HFUDS,FUSD2,AUTUY N,
] SUMPSL,dUtiToLr SUMPSLE, SUMLISLEs»POAVL,PSS1G,RIAVE, RISIG,
& SUMLPG, SUMLPGE ,nLPRAVG, RLPGOTL,LENF IL T, PSLCUds RISLLUM, RLPGCUM)

THi3 KROUTINE 1ARES CAKE Or §HE WETALLS UF THE AHLISTULRAM, SIATISTICS
AND AUTUCURKELATTUN FUNCTLIONS THAL wERE NOI £ AIOILY PERFUKMED IN
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V799,000
V8u0.000

AEARR KRR RKRKRNNRR AR XK A XAk xU301 . 000

V402,000
usuL5,000
vBUb 00U
UBUS.000
Jalé,uu0
UBUT7 ,000
VB08B.0VV
UB0Y.000
081U.000
Udlla0Uv
U812,V u0
UB15,000
Vdl1d,0u0
u3dlo.vuu
UB1b40U0
V817,000
0d18,000

L Ubl9.,000

vd2l.ouvo
uB2l.uuo
vded.vuu
vdc3.vuv
084,000
0deS. 000
082ba.VV0
ude7 .00y

AAXRKRRRAKAN AR A ARRR Ak x A akxkanx SUARNODUTINE AUTULC takaraxtaaxnnrtxrnnxraxaxx0428,000

V829,000
V830,000
V831,000
V852,000
VB833.0v0
ubs4d,000
VB554000
V856,000
Q837,000
0d438,000
V839,00V
Vod0 ., U0u0
V8dl.0UU
vd42,.000
udgds, 000
844,000
(V- PVRVIT]
V84b,, VUV

WRAPUP AR AXARRAXRAARANXN AR XA A2 XUS4T L UUG

VosB .UV
vdd9,0uY
uss0,000
Ud91,0u0
V892,00y
unS3s,000
V854,000
Quo5, 00V



c
c

THE LTERATIVE LUNPING STRUCTURE OF THE UIHER SUJRUUIINES,

CUMMONZ/ARKRAYS/ ALRHNSC (2000} ,ALBNSC2(2VUU)  kEIURNS (96,32),

& AVGUNR(03),3T6CUR(63), IHSTUINLES) ,LHSTIPKR(DS),1ASTPOS(BS),
& BAUTG(2000) yPAIITIL2000) , AUTUBINLAVUY) s AUTUPK (4000)

LENCUR = 2 » LENGTH = 1}

C % WRAPUP FUR SIATISTICS *

c

o000

OO0

10

c

23

25

TH

2v

3

4u

v

TH
AU

IF(SYATYN ER. ' )GUTUSO
DO 10 [ = 1,LENCUR
AVGCUR(I) = ALbNSC(I)/ISUFAR

SIGCUR(]) LALBNSC2LI) 7ISUFAR = (AVGLUR(L))*%x2)*%,.5
CUNTINUE

PSAVL = SyMPSI_/ISNFAR

P3STIu = 20%2AL0GIVI(SUMPSL2/ISOFAR = PSAVLR%2) %% _Y)
RIAVLG = dymISL/ZTSOF AR

RISIV = Q0xALOGIV((SUMISL2/ISOFAR = RLIAVLRA2)a% D)
RLPGAVG = SUNLPR/TISOFAR ’

RLPGSIG = 20%AL0L10((3UMLPG2/ISOPAN = KLPLAVLR®RZ2) %% ,5)
PSAVE = 2O0*ALOGIUV(PSAVG) '
RIAVG = Z20*ALOLIVIR[AVGL)

RLPGAVG = 20%ALNLIV (KLPGAVG+L0UOULY)

ALCULATE PSL,1SL, AND LPG FUR AVEWAGE CORRELAIOKR UUTPUT.
PKCOM = v, i i
PSLCUM = Q.

RISLCOM = 0,

DO 25 I=1,LENCUR

RISLCOM = KISLCOM + AVLCUR(I)ax2

IF (PKCUMLGE L ARS (AVGCUR(TI})IGUTL2S
PoLCuM = PACUM

PKCOM = ABS (AVLCUR([))

Guld 23

LF{PSLCOM GEABS{AVGCOR(I)))ILOTY 25
PSLCUM = AUS(AVGRCDKR (1))

CONTINUF

E NEXT LINE SURIRACTS InE PEAK FRUM [SL CUNSIVERAIJUN,
RISLCOM = RIDLUNM = PKCOM&®2
PSLCUM = 20U * ALUGLO(PILCOH/PKCIA)

RISLCUM 2 20 x ALNGLU(RISLCUMax S5/PKCUM)
HLPGLAM = 20 % ALOGIV(PKCOM/FLUAY (LENFILT))
IF LONEBNYNLEW,"M")6DT030 )

BAVG = OWNEBNS/I3UFAR

BSIG = (UNEPNSE/ISUFAR = BAVGa®2)ax,.Y
IF(PEAKYN £04 "4 )GUTUYU

PKAVL = PKS/LISUFAR
FEOTL = (PKSE/LISUFAR = PKAVGRaZ) *x,.Y
IF (PAPUSYNEU. 'L *)GDI10OY%0
PAPOSAY = PNSS/TO0FAK
PRPOOSL = (PUSOP/ISUFANR = PXPUDAVRAZ)A%.D
CunTIMUE

* WRAPUP riUK HISIOLGRAM = wUNE REEDED =

* AKAPUP FUR AUTUCURRELATION =

1F (ALilUYrisbw, "M YLOTDLVY
1S SECTIOW ALIERS HAYIQO Anl) PAYIN TO FLIf ThEt ®EUULIREMEWIS UF ThHE
TUCORKELATTUM AWALYSIS, [F 1HAE SIANDAKU UEVTATLON UOF EfInER UF

THE VARLASLES TS VFERY SidalLbL, VitENy THA) VARJARLF 1S SFT ranat To
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0856,00V
V857 .0u0
U898 ,000
vEsS9,0uv0
V80,000
vdol . uuy
V862,000
0863.000
Vood,000
V869,000
Vdbbe. VLU
V8b/¢.,000
0808.000
use9,0vV0
L8F0.0V0
UBT1.000
vale,ovo
vd73,000
V874,000
75,000
0376,000
v877.v0¢v
uB78.000
V879,000
V6oV .0V0
V881,000
0882,00vV
V883,000
U8b4,00V0
08895,000
V886,000
0887 ,000
vdss.0v0
Vb9, 00V
VBG0,000
V891,000
V892,000
V8Y3,000
usvd 000
U89S, V0V
0896,000
0497 ,000
U898 .,000
Lv89Y . GVU
V9LV, 0V0
VIul,uug
(TR JUr-3a X TY )
uv03.000
V904, 0V
VIVS .00
V906,000
V9uT7.000
09v8.00G0
VIV9 . VL0
V910,000

V9l1,000
Mat> non



C THe RECIPRUCAL UF THE VUMBeR UF PULSES PRUCES3EV SO FAR. UIHERWIDE U913.0v00
C THE MEAN (S REMUVED FROM THE VARTIABLE, ANUD THE KESYLT 1S DIVIDEDL 0914,000
C BY IHE STANDAKD DEVIATLIUN AN THE SWUARE ROUI OF 1Ht NU4BER UF vIlo.vuu
C PULSES PRUCESSFD 59 FAR. @WHEN IHt RESULIING ARNAY 1S PRUCESSED V9l16.vLY
C  ThRDULH THE SI1ANDARD COKRRELATLON FUNCILIUN, TAe KESULT I3 LIn THE 0917.000
C OVESLRED FuRrin: V918,00V
C VUTPUT = suML(x(II-MEAN)t(X(I-J)-MtAN))/bum&gxtx)-mEAN)tta) 919,000
IF(BSIG.5T..0000V1)GOTD 60 v92v. ULV

DU 61 I=1,ISUFAR U921, 000
BAUTU(Ll) = 1.0 7/ FLOATULISNOFAR)*x®.5S v922.000u

b1 CONTINUE ’ V9c35.00V0
Gulo6? U9c4.000

60 LU 635 I=1,[SUFAR V9e¢5.000
BAUVTU(L) = (oAUTO(I) = BAVGI/(FLUAT(LSUFAR) &% _ 5xbSIG) VYe6, 000

63 CUNTINUE - vyel.uiu

62 IF(PKSLIG.GT..0UNUQ1)GOTO 64 V92d.0vv

DO 6Y I=1,l15UFAR V929.000
PAUTUCL) = 1.0 7 FLUAT(ISOFAR)%*%.5 v9i0.0v0

65 CunNTINUE U931.900
Lul0 69 0932.000

64 DU 6b L=1,ISUFAR 0935.000
PAUTU(I) = (PauTu(l) = PKAVG)/lFLOAr(ISUFAR)*t.S*PKSIG[ V934,400

6b CUNTINUE V955.0vy

69 IF (ONEBNYN.EW, '"N')GOTO/O U936.000
CALL CURKEL1UAUTURIN,BAUTO,BAUTO,ISOFAR) V937.000

70 IF(PEARYNW EQ'N')GUTULLY V934,000
CaLL CURRKEL1(AUTOPK,PAUTU,PAUTU, LSUFAK) V959,000

100 RETUKN 0940 .000
[TV V941,000

c U942, u0u
Cc U945,v00
c 944,000
Cranxxaxknnnnkakpanwnxrstaranan SUBROUTINE DATAQGU] Axakakakkxx kXX kakkkx*xUY45,000

SUBROUTINE DATAOUT(STATYWN,HISTYN,AUTOYN,ALBINYIi, UNEBNYN, I3INNG, 0946.0V0V
& PEAKYW,PKFNSYiv,FXAVG,PKSIG,PKPOSAV,PKPUSSL,BAVG,8516, LSUFAR, V947,000

& LENoTH,PSAYL ,PS3lb, t1AVL,KRISTu,KLPGAVG, KLFGSIG,PSLLUM, 0948.000

] RISLCUMsRLPGCUM, INDR, PRPAY ¥, PCTGULY) Uv49,.000

Cc VI950.0vU
o THIS RUUTINE PRINTO ux PLOTS THE DATA AS SPECIFIED 13Y THE USER. V9S1,.000
c UY9S2.0V0
CUMMOB/ARRAYS/ ALHWNSC(2000) ,ALDNOCEL2VVY) , REVURND (Yb, 5C) 0955.0V0

.3 AVGCOR (03 ,STOUCURLES), InSTRINIES) »LhoTPK(05),IS5TPUS(BS), U9Su,0u0

& RAUTO(2000Y,PANT I(2000), AUTUBINLEVUO) ,AUTUPR (U4QUU) 0995,0V0
IGINGIY = To1nNU = LENGTH U9%0 .00
IF(PrPAYN 20w )GUTU Yy V957,000

WKITE (1,v997) U9¥58,.000
WrRITE(Y,900) [WUPUN UY59.000
WRITE(L,99/) U9b0.0V00

997 FORMAYT (' aX SRR Ar R arxkRARAARKAR KRR ARR" ) V9bl.0V0
998 FURMAT(' AHALYSIS UF RUY NUMBER',T5) V962,000
wriTe(1l,x) UY05,.000

Canxx STATISTICS IUFORMATION awx U904 .00y
IF (oTATYR.EW."N'YGOTOS0 V905,000
ARITE(1,999) V96b,VUL

999 FURMAT(' axwrxsrnax STAIISTICS RFEPUKT axkxxaxt) UY90/ V00
ARLITE (L, %) v968.0V0
IFCALBLINYNGEN, "H")L0TO 2V V969,000
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wrRITe(1,1000)

1000 FURMAT (Y AVEKAGLE CURRELATOR QUIPUT (VULTS):Y)
WRITE(1,10V01) (AVLCURLI),I=1,03)
WRITEC(L,®)

1001 FURMATL' *,21F5,1)
WRITE (1, 10ve)

1002 FURMAT (' STANDARD DEVIA[ION UF CURRELATOR OulpuTs")
WREITE(L,10U1) (SIGEUR(I),I=1,03)
WRITE (1, %)
WRITE (1,990)Pclaugy

996 FURMAT(' ',F5,1,"' PERCENT UF THE PULSES WExE GUOU')
WRITE (1,995) ISUFAR

999 FURMAT(' ',15,' PULSES WERE PRuctSSEUZl
WRITE (1, %)

20 IF(PcAKYN, EA.'W')IGUIU S0

NRITE(Y1,1003)PRAVG

1003 FORMAT('" AVEKAGE PEAR CORRELATUR NUIPUTI',FSets' vOLTS'Y)

ARITe (1,1004)FKSIG
1U04 FURMAT (' STAWDARD UEVIATION UF PEAn UOTPUISY,FY,1)
WRITE (1, =)
30 IF (PKPUSYN.EW,'M')50T040
NRITE(L, 10VS)PKPUSAY
1UUS FURMAT(Y AVERALE PEAK POSITIUNSY,FS.1)
ARITE(Ll,1008)PrPUSSS
WRITE (L1, x)
40 IF LONEBNYNL.EW,'')60T04S
WRITe (1, 19u7)IbTInNU,BAVG

1007 FURMATL' AVERAGE OUTPUT UF dIN NUMDER'/I3,' 15 '+F5.1,"' VOLTS')

whkITe (1, 10VvA)RSTL
1008 FUKRMAT(' STANWNDARD UEVIATION: ',F5,1)
WRITE (L, x)
WRITE (L, )
wrlTE(L, x)
45 ARITE(1,11V0)POAVG,PSLCUM
11uu FORMAT(® AVERALE PEAK SIDELOBE LeVELS'fFS.1," UB
& AVERAGE OuTPIUT:',rS.1,' 0O8#') i}
WRETE(L, lO0UR)POSIR
A ITE(Ll,x)
WRITE(1,1102)RIAVG,RISLCUM
1102 FORMAT (' AVERALE InTEGRATED STUELOBE LEVELI'»FS.1," ud
& AVERAGF nUTPUIZ',FS.ls" DB")
wrlTE(L,10VR)RISIG
ARITe (1, x)
wreITE(1,1103)}RLPLAVG,RLPGCUM
1103 FAORMATL' AVERAGLF LLUSS [ PROCESSING GAINS',F5,1,' ub
& AVERAGE OQUTPUT:',FS.1,' DB') '
WRITe (1, 1gvAR)RLPLS]S
ArlTE(l,x)
Caxs HISTGSRAYN TUFURMATIUN axn
SO IF(HISTYnw, eR0 v ) w10 by
WRITE (1, %)
wrITE(1,10U9)
IVUY FURMAT L laxannrn HISIOBRAM REPURT xexxxxx?)
whiTE (], x)
Ir(Peanyu EQ ') GUTOTO
nitITE(1,1010)
1010 FURMAT(' WHISIDLRAM OF PEAK (PEAK IS5 Iw VULTS):')
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POL 0t

ISL urF

LPG oF

V970,000
U971.000
V972,000
V975.000
0974,000
0975.000
V976,000
0977.000
y978,000
V979,000
U9V VLD
V98l .0u0
V902,000
983,000
uY¥ald,uuu
UI8HL, LU0
0986,000
v9o7.000
0988,000
U989.000
VY9V, 0u0
0991.0v0
0992,000
0995,000
U994.000
ud9S 000
UY96,000
0997,.0u0
V998,000
VI9Y,000
1000,000
1vvul.ovl
l1002.0v0
1003.000
lLugd,.9u0
100S.000
100,000
1007.000
1oub,0u0
1009,000
1010,000
1011,000
1012.000
1015.00V
i014.000
1015.,000
1Ulo,.Qu0
1017 .000
lulbsl.uul
1u19.000
1020,000
1vel. 000
1022.0v0v
1v2s.uu0
1024.000
1u2s.uuo
ludb.Vuv



1011

101¢

70

1013

1014

80

10195

1016

Ml==-352

Me=-11
WNRLITE(1,1011)((T),I=m1,M2)
FORMAT (' pEAR: ',2214)

WRITE(L1,1012) (LHOTPK(I),1=1,¢2)
FURMAT (' QULCUREWMLES:',2214)
WHITE (1, *) '

Ml==10
WRITE(L,1011)((T),I=Mm1,11)
WRITE(1,1012) (LHSTPK(T),[=23,44)
WRITE (1, %)
WRITE(1,1011)(C€(T),1=12,32)
WRITE(1,1012) (L{R3TPK(I),I=45,69)
WREITE(1,%)

WRITE(1,%)

IF (PKPUSYNJFU_'NT') GUTU 80
wWRITE(1,1013)

FURMAT (' HISTOGRAN OF PEAK POSITLON:'{

M1==31

Me=-11

WRITE(L,10L4) ((I),I=A1,M2)
FORMAT (' puUSITiON :',2114)
WRITE(1,1012) (iHSTPOS(L),1=1,21)
WwRITE (L1, *)

Mi==10

WRITE(1,1014) ((Y),I=M1,10)
ARITE(1,1012) (AHSTPOD (L) ,1=22,42)
ANRETE (1, %)

WRITE(L,1004) ((T),1=11,31)
WRETE(L,1012) (LHSTPUO(1),1=43,63)
WRITE(L, *)

WHETE (L, *)

IF(ONEBNYNLFU,'N"IGOTO 6V
WRITE(1,1015)[bTeMNO

FURMAT (' H1STOGRAM OF BIN NUMBER',I3,°

M1==32
Me==-11
WRITE(L,1016) ((Y),03M1,M2)
FURMAT (' AUTPUT: ',e214)

NLITE(L, 1012 (IHOTAIN(I),TS1,22)
e ITE (1, »)

Mls=10

WR1ITE(1,1016)€(T),I=r1,11)
WRITE(L,101P) (ISTulN(L),1=235,44)
WRITE(]1, %)
WRETE(L,1016)(LT),1=12,5¢2)
wRITE(L,1012) (LHOTHLiw(1l),I=45,065)
WHITE (L1, )

WHITE (L1, %)

Cxarx AUTUCURKELATTUMN TEORMATI(hn %&%

3"

1017

1018

IF(AUTUYNN . EDNL'I2') 15000 90
wRITe(l,1017)

FUORMAT (' axaxakx ALIQUIRRELATLION KEPUKI iﬁﬁﬁtf')

WKRITE(L, ~)
IF (PEaKkyn EDe W) 60IU LUV
WRITE(L,1018)

(bufrrul

FURMAT (Y AUTUCURKELAIIUN OF PEAX StovenLe:')
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[s In vUuLTS):')

1027.,000
1028.0v00
10e9.000
1030,000
10351.000
1032.000
10353.000
1034,000
1035.000
1036.000
10357.000
1V38.000
1039.000
1040.000
1041,000
104¢2.0v0
10435,0u00
1U44,000
1045.000
146,000
1047,000
1048,000
1049 ,0vy
1050.000
1051,.000
1052.000
1053,000
1094 ,000
1055.000
1056.,000
1057,.000
1058.000
10S9,.000
1060,00¢0
1061,000
1Ube. 000
10b35,000
1064,000
1065.000
1V66,000
1007,000
1UbB8.000
1069.0400
1070.,000
1071.,000
1072.,000
10735.000
Lu74,v00
1075.000
107,000
tvl7.0v0
1078,000
1079.000
1080,000
1081.V00
1082.0v00
1085,000



jo2o0

100

luly

sNeNeNasNrNeKgl

90

K = ISUFAR = 1

WRITE(1,1020) (AQIOPK(IL),I=51,R)
FUKMAT (' ',15Fb 4)

WRLTE (L, x)

WRI[Te (1, )

CWRITE(1, )

1F (ONEBNYNSFEW,,'N')Y GUTO 90

WRITE(1,1019)T8T1NU

FORMAT (' AUTUCURRELATION OF OUTPUT FRUM BiIN NUMRER',13)
WRITE(1,10¢9) (AUTOBINCL) ,IS10K)

CUNT {NUVE

IBINNO = TBINMU + LENGTH

RETURN

End

SUBRUUTINE SHAUEC (IPARSA, PRF, 1TCL. lER)

Y2 2232232323222 8222 2 2 2

* *
* SYBRUUTInE STAUEC "
L] L]

AR AANKA AR AR RN R RN R RN A A AR AN

THIS SUYKROUTINE FERFURMS ThE PECODING OF THE FILE HEADER STalus
WORD INTU THE FoLLUGING PARAKETEKSS

IPAR DI1SPLAY SwlITCH

IPAR CUMPUTER FLAG SwIICH
IPAR RUN/TEST

Shb=PULSE LENGTH

PRF

TRANBMIT COOE LEwGTH

THESE PARAME(FRS ArE RETURWEUL 10 TRHE USEX wiln THE HELF OF

SUBRUNYITINE TARALE.

INTEGER®]L IHUR1(12), IASCII(0)
cCumMmun JUATA/Z LHURA(3),13uF (192)
CALL UNPACK(IWLR1,1ASC1{)

ISTOKE = IPAKSW

CranxakPRF

IPRF = IHITF (1SINRE, 22, 4, 1ERF)
SELECY CASE 1PRF

CASE U

PRF = 4000.
CASE d

PRF = 20U0.
CASE 6

PRFr = 1N0V0.
CASE 7

PRF = 900,
CaSE 8

PRF 3 00UD.
EWD SELteT

NRITE L1, 30, 1USTAT = UDTATW) PKF

CrnaaalPAR DISPLAY SHTICH

IDC = 181TF (ISTuwk, 1o, 1, dCKU)
Hwyu = 3
InoY = 17+35210C
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1084,.0060
1089, 0v0
1U86.000
1087.000
1068.000
1Ue9.000
1090.000
1V91.000
109¢2.000
195,000
Luv4,0v0
1095, 000
1Vvo.000
1v9/7.000
1U48.000
tu99,000
1100,000
11V1.000
11uc.000
1105.000
1lud.000
1105.000
11u6.000
11v7.000
1108.000
11v9.000
1110.0v0
1111.000
1112.0v0
1115.000
1114.000
1115.000
1116.,000
1117.000
1118.000
1119.000
11¢0.,0vV0
1led1.v00
L12e.00u
11¢35.000
11¢4.000
1125.000
lleb.Uu0
112/.000
1128.v00
11¢9.00V
1150.00V
1151.,000
1152.0v0
1155,000
1134d,000
1135.0v0
1l36,000
11357.000
1158.,000
1139,0v0
1140,000



CaLL TARLFC(IWOX,nwD,1,lERT)
CaxaxxIPAR CUMPHIER FLAG SwiiCch

INC = I8ITF (ISIURE, 17, 1s IERF)

NwD = 1

INUX = 2+2xT0C

CALL TABLE (INUX, NwWD, 2, lEKT)
CrxxaxxPAR RUN/TLEST

IDC = IBITF (ISTURE, 18, 1, lEKRK)

Hwey = 1

INOY = 9+]uC

CALL TAHLE (1NUX, NwQ, 3, [ERT)
CraxxxxSyd=PULSE LENGIH

10C = LRITF (ISTORE, 19, 3+ LERD)

ey = 1

CALL TARLF (IDC , wNwbL, 4, LERT)
Cxxxx*TRAMNIMIT CUDE LENGTH

IDC = I8LTF (i1STURE, 2b, 6, IERL)

P2 = %2
TTICL = v
puv I =1, 6

’
KRRIT = IoIfF (IuC, I=-1, 1, IEKC)

[71CL [TcL+lPex(1=Kkpfl)
Ipe = 1P2/2
gEnD DU
wrItkE (1, 39, IUSIAT = wNSiaTw) 1TcCL
RETURN
CaxxxxxFORMAT SIATEMENTSS
30 FURMAT("1',39%,'PRF: 'yFS5.0)
35 FURMAT (19X, "IRANDYIT CUDE LEWGIH: Y,12)
EnND
SUBRUUTINE TARLE (INULEX, NaOKD, IPARAM, IERR)
lgtii.igitiiltiittiataiiitiatt
L 3 *
x SURRUUTINE TAusLE *
x L 3

AR KRR AR AR A ARRARAARRARR AR NARK AR

c
C
C
c
c
c
c
Cx
Cx
Cx
Cx

CUMMUN /7 TulynIT /7 wTaP, ~SLUe wHURe wL1A

CumMMuUN /7 NDvSTAL / KSTAtLt, wSTATws NSTATH, nSl
é NSTATHY, w3TATul, wdO1AIAC,
& NIOMNT

DIMEwS10N {TAR(PS),L1T(3)

ATus NSTA
WO TATLC,

SUBKUUTTNE TABLE PERFNIRMD A TABLE LOUR=UP Iw URUER TO UEFINE InE
VARTUUS PaAxAtFEIFRS 0OF 1k IPAR FlLt HEADER 31ATUD aURD.

ICs NSTAII,
NMUUwT

DATA ITAD/Z4K  B0,40% SET,8H cu,ln ULiks8h  d4Usdh 16U,4H  1lU,4nd4uuy,
1 . ay RuytlyudnTeSfi,dH e R0 NU4H AN dHLIUDY, 41 DSV0,4hbBU0L,
2 HP A GF o AL s 4H s d4rNLIGLedHTIAL sanTAPE/

Caxxxx]l JITLALIZE )ITERAL ARRAY
pu i =1, 3
LIT(L) = TlAS(11)

£ DU
CrraxxDEFTNF THAF SELECIFD ParwAmEIFK FRUM IdE TABLE
DU J = 1, NwOKD

IDFF = INDEX+)=1)
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1141,000
1142.000
11435,000
1144,000
1145,000
l1146.,000
1147.,000
1148.000
114v.000
1150.,000
1191.0v00
1152.v00
1155.0v0
1154,000
1155.000
1150,000
1157,0v0
1158,000
11959.,000
liou.0U0
1lel.vuy
lie2.0v0
11635.000
1164.000
115,000
1lob.V00
11o07.000
1168.000
11e9,0V0
11704000
1171.000
1172.000
11735.000
1174,00u0
1175.000
1176,000
1177.0v0
1178,000
1179.,000
libu.0v0
1lol.0U0
1lod.0V0
113,000
11s4.0U0
1169.,000
llbb.0UU
1lo7.,000
1188,000
1189,00v
119u,0VY
11v1.0v0
1192.0u0
1193.000
1194.000
1195.0v0
119,000
1197 .00



LiflJ) = ITAB(IUFF)
END Du
SELECT CASE IPARAM
CASE 1

WRITE (1, 10, LOSTAT = NSTATw) (LITL1),

CASE 2

#RITE (1, 15, IOSTAT = RSTATa) (L1itl),

CASE 3

WRITE (1, 20, INSTAT = NSTAIw) (LLITUL).,

CAdc 4

NRLITE (1, 25, LOSTAT = NSTATW) (L11Ll),

EwD SeLECT

RETUtN
CrxxnxFURMAT STAVEMENTSS
1v FORMAT (11X, 'IPAR DISPLAY SWITCH Pp51TLIUNS
19 FURMAT 14X, *IPAR CUMPUIER FLAR SWIICHS ',44)
29 FURMAT(2ox, 'IPAR RUN/TEST: VL Ad)
25 FURMAT (25X, 'Suyp=P!LSE LENGIHE  ',A4)
ERU
SUBRULITTIRE 1WPACK (IHDR1, IASCLI)
g AR R AR ARARAR AR R AR AR AR AR R R AR R AR
C * *
C * SUBRUUTIWE UNPACHK *
c * *
c KA R AN AR AR AR AR AR AR R AN AR RN AN ANR
[
Cx
Cx SUBRUUITIFE HNPACK SPLITS A SIntLe Byle INIO |
Cx BCO WUANITITES. THESE QUAWTITIES akt VHEN CUNVEKRTED
Cx FURMAT AwD SIOKFU Iw THE BYTr ARKAY, 1ASCLI.
Cx

INIEBER®] LHURL(12), TASCII(6)s, MASK, ITMP,

DATA MASK/X'VUF'/
CxaxxxDNPALK £ACH UF TAF Nul BYTES
VU L = 1, S
IREF = (4 = T) = ¢2
Cranxxl UNER HYITE
Tive=lanD(IHDRT (1), MASK)
EnCuberl, '(I1)*', JT4P) ITMP
DECUDE(L, '(Al)', Jr~pP) JASCIL(LIREF)
CraasxUPPER oYIF
" IVMPELSHF I (LKURLILL) y=4)
ENCUDE (L, 'LIN)', JIWP) ITMP
DECUDE(Ll, '(AL)', JTiP) TASCIL(IREF=1)

e U0
KE TURN
[AT1V]
FUNCTIUN FoIVF (fwuku, IS8IT, LEN, ltkx)
AR AR AR AR AR R R AR R R AN AR RN R AR
* *
* riCITUy IBLTF *
* L]

RA R KRR AR AR RN R R R RRRRRRANAR AR RASR

oo CDODO0O

137

1,

1,

1,

NAURD)
NNURD )
NWOKD)

NWUKD)

LW0 SEPARATE 4=BIT
fu ASCII

1198.000
1199,000
12v0.000
t2ulelu0
12u2.0v0
12035.000
12v4,000
120%.000
12v6.000
12u7.000
12u8.0v0
12v9.000
1210.,000
1211.000
121¢.000
1215.0V0
1214.000
1219.000
1216.000
1217.000
1218.000
1219.900
1220.000
1¢el 000
1222.000
1225.000
1224.000
122».000
12¢6.000
1227.000
1228,000
1229.000
1230.,000
1231.000
1232.000
1235.000
1254.000
123%.,000
1236.000
1257.0v0
1238.000
1259, 000
1240.000
1241.000
1242.100
1245.000
1244.000
12d9.000
1240.0V0
124/ .00V0
1248.000
1249.000
1250.000
1251.vv0
1252.000
1255.000
1e54.,000




Cx FUNCTIUN TUILIF EXTRACTS A FIELD UF 815 FkU4 [wokD, STARTING

Cx FRUM BIT PUSITINN ISolt awv EXVENDING VO ¥HE LEFT FOR LEN BITS.
Cx THE RIGHIMOST SIT (S BIT 0 AWD ThnE LErTmuST oIT 1S BIV 31.
C»

LUGICAL €£RwONR
CrananturOR CONNDITION CHECK

IF (ISBIT4LEW.LE.32 .AWD, LEN,GTWU . ANU., L1S541T.GE,U) THEW
CxuxxxUnNPACK THE SPECIFTIED 8IT FIELD

ERRUR = ,rALSE,
IBITF = ISHFTULTWORD,32=-(TISBIT+LEN))
IHITF = ISHFT(IUTIF,~S2+LEN)
tLSE
ERRUR = .TRUE.
Env IF
IF (ERKNR) THEN
IERK = 12
EnND LF
RETURN

END
$A1 LULI=LRITILIRB, ,U
$A1 DOU1=SRINDIKR,,U
SEXECUTE CATALUG
A2 1=8LU9uGY
oPTiuN PROWPIT
BUILU CURC U NOM
$C0y
$3
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1255.uu0
1256.000
1257 .V00
led8.000
1259.000
126U, 000
1261.0v0
1262.,000
12b65,u00
1204,000
1265,000
l12deb.0VU
l1co/ 000
1268,000
1269.,000
1270,000
1271,000
1272.,0v0
1275.0090

1277,000
1278.000
1279.0V0
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