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ENGINEERING EXPERIMENT STATION 

Georgia Institute of Technology 
A Unit of the University System of Georgia 

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 EMPLOYMENT EDUCATION ORPORTuNITY INSTI runON 



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. 

Respectfully 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: 

- T -  

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



THE INTRAPULSE POLARIZATION AGILE RADAR 

By: Dr. M. N. Cohen, Mr. E. E. Martin, Mr. E. S. Sjoberg 
Georgia 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 
method differs from the more classical approaches of pulse compression 
encoding on carrier phase or frequency in that the coding is contained in the 
relative  phase between the horizontal and vertical polarization components 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 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 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 more 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 theoretical 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 most 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 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/i , where T >> T. By matched filter processing of the 
echo pulse, the received signal is compressed to a width T, which achieves a 

range resolution of FT. 	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 (Tit) (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.g., 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 90 ° , 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 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 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 POLARIZATION 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, 1PAR downconverts the two channels separately and 



accurately measures the phase between them. Let 44 /  represent the phase 

difference between the H and V channels (that is, t _
-1  - 4v), and recall 

o 
that a signal is RC polarized if 4 u  = +90 	and LC polarized 

if c$ 	-90 0 . 	For convenience, let S ci)  = sing. 	Then S cikt  = 1 for RC 

signals and S4 = -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 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 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 suboulse basis, Sl 	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 T/2 rather than T/2 (a 13-to-1 improvement) and that the peak 
signal voltage is VT 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; 
(4) incorporate the ahility to range 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 
vertical 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 90 ° , 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 built with two high power amplifier 
channels. The phase shift of pne 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 1  at the 
IF port causes zero phase shift from the input to output, whereas a low level 
signal (i.e., -11 causes a phase shift of 180 ° . With a permanent 90 °  phase shift 
added to the 0 ° , 180°  phase shift combinations, the result is -90 °  or 90° . 
Hence, the required 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 signal 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, hiphase 
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 he 
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 block diagram of the digital processor and 
its interfaces to the external world. The slower TTL processor (6 MHz) may 
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-in-processing 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 
sianal. 

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 (in polarization) targets, it follows that the more 
complex a target is on a subpulse basis, the more poorly it will compress. 



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 LPI operation. 

LPI CHARACTERISTICS  

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 he the ratio of 
cost and effort required to implement the technique to the cost and effort 
required to defeat the technique. Intraoulse polarization modulation, being a 
new, unique, 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 independent of the RF carrier and may be 
implemented in a carrier-diverse system where the carrier may he made to 
vary radically on a oulse-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 intercept 
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 
noise 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 hit 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 controller 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 from a larger scatterer 
will he resolved from 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. 

ACKNOWLEDGEMENTS  

The results presented herein represent the culmination of four years of 
work at the Georgia Institute of Technology by the authors and others. In 
particular, Mr. Bobby C. Aopling, currently with Parks-Jaggers Aerospace 
Company, Orlando, Florida, was responsible for the inception of this 
program. The authors wish to acknowledge their deht and thanks to him as 
well as to Mr. Charles Jedrey, Naval Sea Systems Command, U. S. Navy, for 
his continuous funding of this work. 



REFERENCES  

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

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

3. M. N. Cohen and E. S. Sjoberg, "Intrapulse Polarization Agile Radar," 
RADAR '82, London, England, October, 1982. 

4. B. C. Appling, E. S. Sjoberg, E. E. Martin, "Intrapulse Polarization Agile 
Radar," SCEEE Contract No. N00024-78-C-5338, SCEEE-NAVSEA/79-2, 
GTT Final Report, July, 1981. 

5. M. N. Cohen, E. S. Sjoberg, E. E. Martin, "Intrapulse Polarization Agile 
Report Development Program," SCEEE Contract No. SCEEE/81-2, Prime 
Contract No. NAVSEA N00024-78-C-5338, GIT Final Report, December, 
1981. 



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 - IPAR 
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 hay 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 Georgia 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 
Freeman, 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 
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ABSTRACT 

The Intrapulse Polarization Agile Radar (PAR) 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 more 

conventional approaches of pulse compression encoding on carrier phase or frequency in 

that the coding is contained in the relative  phase between the horizontal and vertical 

polarization components 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 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 100 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  
1 

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 model are described. 

PULSE COMPRESSION(172) 

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 fare. 

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

of —
1

c -r
• 
 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 (Tit) , (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.g., 
detect, track, identify). 

POLARIZATION(3)  

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 transmitting sinusoidal H and V polarized waves which differ in amplitude 
and/or phase. If the H and V sinusoids 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 90°, 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.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 °) 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. 

TARGET  IDENTIFICATION(4)  

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 conceptualized 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 distinguish 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.g., trees, grass, sea,...) consist of a 



larger number of major scattering centers than do many manmade objects of interest 
(e.g., 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 he 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 done 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 4) Fiv  represent the phase difference 

between the H and V channels (that is
,  4 	= 4)

H 
-

V
) ,and recall that a signal is RC 

polarized if 4)Hv  = +90
o 

and LC polarized if 4HV = -90 0 . 	For convenience, 

let 54) = s i nct• . Then S4) 	= 1 for RC signals and s4)HV = -1for LC signals, thus 
HV  

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 above, the chosen code represents a 13 bit Barker code and 
yields a pulse compression ratio of 13 to 1. Figures 1(h) 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, Sct ■ Fiv  of the 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 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 decalcrelate 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 
1PAR 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 predominantly even-bounce scatterers produce positive 
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 moving platform is obviated. Furthermore, IPAR 
may be implemented coherently so that it would be compatible with a multimode 
stationary and moving target identification system that would take advantage of Doppler 
processing for the identification of moving targets. Additional properties of IPAR that 
may prove benefical in a tactical military environment include resistance to rpe lltipath 
interference and a potential for lowered probability of intercept (LPI) operation.' 

IPAR IMPLEMENTATION  

[PAR was designed and built as a demonstration and data collection system. The 
goals were first to verify that the IPAR technique works and second to collect data to 
quantify 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 connected to the vertical and 
horizontal ports of a dual-polarized antenna feed. The 90

o 
 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 two 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 0 ° , 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 nolsg. source with a spectral width of 
140 MHz may also be used to modulate 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 correlator 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 host 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 correlation 
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 hits long 

Correlation Processor: 
	

True correlation for 32 bit code length 
Pseudo-correlation for 1 - 31 hit 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 fig4d tests many of 
its theoretically-predicted properties were qualitatively verified.'' 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 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 soon be reduced and analyzed on the 
current program 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 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 profiling. 
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 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 technology. 
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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 been 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 nay 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 probability of incercept (LPI) operation. 
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February 2, 1983 

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

Attention: Mr. Charles Jedrey 

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 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 
compression) 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 
independent 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 SEL 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 Freemon 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 9th, 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: 

• - 

Robert N. Trebits, Ph.D. 
Chief, Analysis Division 
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Washington, D. C. 20362 

Attention: Mr. Charles Jedrey 
5-  

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 1st. 

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 (L-PD 
operation. 

Respectfully submitted, 

Marvin N. Cohen, Ph.D. 
Project Director 

APPROVED: 

Robert N. Trebits, Ph.D. 
Chief, Analysis Division 
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Attention: Mr. Charles Jedrey 

Subject: 	Monthly Contract Technical Status Report No. \51  "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 LPI 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. 
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Mr. Charles Jedrey 	 -2- 
	

April 5, 1983 

Mr. Charles Jedrey and Mr. Iry 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 

INTRODUCTION 

1.1 PROGRAM OVERVIEW  

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 IPA R'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 (1,2,3) 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 processors 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. 
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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, l979. (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 

50 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 N00024-78-C-5338, again with Mr. Charles 
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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 system 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. N00014-82-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 become 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 

Dobbins Air Force Base at program inception. The system was set up and tested at this 

site. Data were taken on a 36m 2  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 
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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 II 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 2  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. 
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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 Lab (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 

interference 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 antenna 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 Gulf 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 above 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. 
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Figure 4. 	Dobbins Air Force Base field site geometry. 
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TABLE 1. FIELD SITE AND DATA DESCRIPTIONS 

1. Naval Coastal Systems Center - Bay Site 

Vertical Multipath Probe 

2. Panama City Beach - Gulf Site 

- Horizontal Multipath Probe 

Sea Clutter 

- Target in Sea Clutter 

3. 	Dobbins Air Force Base 

- Combinations of Simple Targets 

- 	Trihedrals and Dihedrals 

4. 	Georgia Tech Research Facility - Cobb County 

- Simple Targets in Tree Clutter 
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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) Model 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 	 VALUE 

Frequency 	 9.375 GHz 

Peak Power 	 1 kW 

Pulse Width 	 10 ns - 5.2 us 

Antenna Type 	 Steerable Parabolid 

3 dB Beamwidths 	
1.8o 

Antenna Gain 	 38 dB 

Maximum Sidelobe Level 	 -21 dB 

Polarization 	 H & V Simultaneous Transmit and Receive 

IF Center Frequency 	 300 MHz 

F Bandwidth 	 100 MHz 

IF Response 	 Logarithmic 

Noise Figure 	 10.3 dB 

Dynamic Range 	 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 .16 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 rectangular 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: 	 1,000 W 

Frequency: 	 8 - 12.5 GHz 

Gain: 	 35 dB minimum 

Noise Figure: 	 40 dB 

Duty Cycle: 	 2% 

Pulse Width: 	 0.2 to 15 ps 

Input Gate Amplitude: 	 +6 to +15 volts 

Input Gate Width: 	 0.2 to 15 ps 

Input Voltage: 	 120 VAC +15% 

Input Current: 	 8 amperes at 120 VAC 

20 



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 F 

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 F 

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 90 °, 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. N00024-78-C-5338. (5 '6)  On transmit, 

21 



VERTICAL 
RECEIVE 
CHANNEL 

MIXER 

T/R 
LIMITER 

VARIABLE 
PHASE 
SHIFTER 

VARIABLE 
PRECISION 
ATTENUATOR 

HORIZONTAL 
N 	RECEIVE N 	CHANNEL 

VARIABLE 
PRECISION 
ATTENUATOR 

T/R 
LIMITER 

MIXER 

Figure 7. 	Receiver block diagram. 

ATTENUATOR GUN OSCILLATOR 

PRE AMP LOG IF AMP 
LIMITER 

PHASE 
VIDEO 
OUTPUT 

AMPLITUDE 
VIDEO 
OUTPUT 

AMPLITUDE 
----VIDEO 

OUTPUT 

PHASE 
DETECTOR 

LOG IF AMP 
LIMITER 

PRE AMP 



MIXER 

(-SIN+) BOXCAR 
No 3 

I.F. IN 

3 dB 

HYBRID 

LOG VIDEO Limited I & Q phase 
detector connection 

.PHASE VIDEO 
TO IPAR DIGITAL 
PROCESSOR 

I.F. IN 

BOXCAR 
No 4 

COAX 1=L 

Figure 8. 	Phase detection network. 



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 horizontal 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 0 , the received signal is declared left circularly polarized and 

is assigned a value of -1. If the phase angle is near +90 0, 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 modes 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 l's, 0'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: 
	

10 - 160 ns 

(100 - 6.25 MHz) 

PRF: 	 50 - 8,000 Hz plus manual 

Range Gate: 

Correlation Processor: 

Adjustable Digital Threshold 

0- 15 km 

0.75 m maximum accuracy 

True correlation for 32 bit code length 

Pseudo correlation for 1 - 31 bit code length 

Built-In Self Test/Calibration 
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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 

hank 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 

15°  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 2  to 

36 m 2 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 

SIZE (dB) a (inches) SIZE (m
2

) 

4.9 1 0 

8.7 10 10 

10.3 20 13 

11.3 28 14.5 

12.0 36 15.6 

37.0 3025 35 

DIHEDRAL CORNER REFLECTORS  

a, b (inches) 	 SIZE (m 2) 	 SIZE (dB) 

2.2, 4.4 1 0 

3.9, 7.9 10 10 

4.7, 9.3 20 13 
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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 

Figure 15. The range of dihedral cross section was from 1 m 2  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 

injected 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: 

1. Calibrate power dial of HP signal generator. 

2. Read power out on power meter. 

3. Switch mode to "FM" and read power out. 

4. 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  x 	1  

p 	Coupling efficiency 	(PFF) (N) (T
s

) 

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 T s  is the selected subpulse width. Ratings on the thermistor 

mount dictate that the factors (N x T s) must be kept below 100 x 10 -9 . 

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

1. Connect the power meter thermister to the test port. 

2. Calibrate the HP test set. 

3. Turn the 4 TWT amplifiers to "Standby" and allow them to warm up. 

4. Set the correlator-timing and control. 

5. 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 s 
= 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). 

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

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

1. 	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 ohm 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 45 °  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, 

not 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 90o. This results in transmission of circular polarization. 

12. Observe the transmit waveform to see that both the "ls" 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. 

3. Connect the test set to the power meter through the same coaxial cable used 

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

cable. 

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

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

7. 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). 
8. 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 RECENER 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. 

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

CW. 

2. Boresight the antenna on a reference corner reflector. 
3. Load an optimal 32-bit code into the correlator. 
4. Switch the TWT's to "Radiate." 
5. Observe the video correlation function out of the correlator on an oscilloscope. 

6. Adjust the correlator range gate until the correlation function is centered on 
the target. 

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

8. 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. 

2. Apply a signal from the HP 624 test set to the waveguide test port. 

3. 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 reflector 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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2 2 P
t
G 

1 
P = 

(47r) 3XR4 	(E1) (1  ) a  

where: 

Pt 	 = measured value from paragraph 4.1.2 

G2 	 = 79.2 dB 

XZ 	 = -29.9 dB 

(47)
3 

= 33.0 dB 

Ll 	 = 1.2 dB (system losses) 

L2 	 = 3 dB (linear component of circular wave) 

R 	 = measured range to target 

a 	 = 28 m 2  

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: 

1. Date 

2. FM Tape Number 

3. Digital Tape Number 

4. FM Channel Designations 

5. Run Number 

6. Time 

7. Target Type and Size 

8. Range to Target 

9. Data Collection Mode 

10. Transmission Carrier Type 

11. Code Length 

12. Code Type 

13. 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 

Suhpulse Width: 	 20 ns or 40 ns 

Threshold Setting: 	 0 to 29 

Target Type: 	 trihedral or dihedral 

Target Position: 	 as required for specific test 



20. Move trihedral and repeat, above procedure. 

21. Replace trihedral with dihedral and repeat, above procedure. 

4.2.2 MODE B: ANALOG ONLY 

For the analog data collection mode the phase information was routed through the 

phase detector network (Figure 8), which produced the sine and cosine of the relative H-

V phase angle. These signals were recorded on FM tape along with the amplitude 

information. Because it was impossible to sample all of the received subpulses 

simultaneously with the single analog range gate, the mode 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. This 

procedure is described below: 

1. Set up trihedral target. 

2. Connect the phase detector network as shown in Figure 8. 

3. Transmit a fixed frequency. 

4. Set and load code per test matrix. 

5. Set PRF to 1,000 Hz. 

6. Select a 20 ns subpulse width. 

7. Select N = 32. 

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

9. Position the analog range gate in front of the target. 

10. Start FM tape recorder and begin voice annotation. 

11. Slew range gate across target four times. 

12. Select the next parameter in the test matrix. 

13. Repeat steps 10 through 13. 

14. Switch transmitter to FM (swept frequency) 

15. Repeat steps 4 through 14. 

16. Switch to wideband noise source. 

17. Repeat steps 4 through 14. 

18. Move trihedral and repeat, above procedure. 

19. Replace trihedral with dihedral and repeat, above procedure. 
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SEC TION 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 isolated 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 -5 dBm 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 reflecting 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 he 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 ( kw) 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 IN BAY 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 m 2); the resulting signal-to-clutter ratio was still, however, 

high. Lower ratios were achieved during the sea experiments by sending the Praline out 

to four kilometers from the beach site; however, to keep the simple reflector dominant 

over its carrier vehicle (the Praline), a 36 m 2 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 resolution 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 2 trihedrals separated by two range bins, (2) a 

1 m 2 trihedral and a 1 m 2 dihedral separated by two range bins, and (3) a 1 m 2 and a 

10 m 2 
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 

quantization in the receiver processing. For phase-coded systems, "capture" occurs when 
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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 

even and odd bounce scatterers,
(6) 

a target set composed of a dihedral and trihedral of 

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

compression process. This property raises concern over IPAR's ability to pulse compress 

on man-made objects. The "complex target" experiments were designed to permit 

analysis and quantification of IPAR'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. 

A 3 m 2  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 H (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 Mode 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 those 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 FM MODE DESCRIPTION EXPERIMENT 
TAPE TAPE 
NO. NO. 

11/23 1-25 36m 2  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 2  Trlhedral 2 2 A Compression Tests 

79-96 36m2  Trihedral — 2 B Compression Tests 

12/01 100-240 1m2  Trihedral 3/4 3/4 A Multipath Inter-
ference over bay 

Performance in 
Multipath Inter-
ference Field 

12/02 241-258 1m 2  Trihedral 5 4 A Receiver Phase 
Adjustments 

259-298 Pole 5 .4 A Background 
Documentation 

299-360 1m 2  Trlhedral 5/6 4/5 A Multipath Inter-
ference (cont.) 

12/03 361-403 1m 2  Trlhedral 7 5 A Multipath Inter-
ference (cont.) 

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

Documentation of 
Processing Gain 

12/08 546-602 Pole 8 B Background 
Documentation 



TABLE 8 . SUMMARY OF DATA COLLECTED. 

(continued) 

DATE RUN NO. OBJECT DIGITAL FM MODE DESCRIPTION EXPERIMENT 
TAPE TAPE 
NO. NO. 

12/09 604-701 1m 2  Dihedral 8 8/9 A/B Multipath Inter- 
ference over bay 

Performance in Multi- 
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 Praline 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 2 Trihedral 11/12 11 A/B Multipath Inter- 
ference over sea 

12/20 893-931 36m 2 Trihedral 14/15 12 A/B Multipath Inter-
ference over sea 

932-934 Praline with — 12 B Background 
Pole Documentation 

12/20 935-946 Stage II 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 FM MODE DESCRIPTION EXPERIMENT 
TAPE TAPE 
NO. NO. 

1/17 950-963 Grass 16 13 A/B Background Resolution 
Documentation Experiments 

964-983 1m 2  Trihedral 16 13 A/B 1M 2  Trihedral 
Documentation 

1/25 984-994 Two Trihedrals — 13 B 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 2  1m 	Dihedral 
and Trihedral 

18 14 A/B Two Reflectors in 
One Range Bin 

Simulated Complex 
Targets 

2/1 1075-1093 1m 2 Di hedral 
and Trihedral 

19 15 A/B Two Reflectors 

10m 2  Trihedral 

1094-1096 Grass, 
Reflectors 

— 15 B Background 
Documentation 



TABLE 8. SUMMARY OF DATA COLLECTED. 

(continued) 

DATE RUN NO. OBJECT DIGITAL FM MODE DESCRIPTION EXPERIMENT 
TAPE TAPE 
NO. NO. 

2/3 1097-1108 1m 2  Dihedral 
and Trihedral 

20 15 A Two Reflectors Simulated Complex 

10m 2 Trihedral Targets 

1112-1148 26.5m 2  Dihedral 20/21 15 A/B Two Reflectors (continued) 

txt 
1149-1162 

10m 2  Trihedral, 

26.5m 2  Dihedral 
2 

21 15 A/B Two Reflectors 

--I 22mTrihedral 

1163-1165 Individual — 15 B Documentation 
Reflectors 

2/4 1166-1173 Individual and — 16 B Documentation 
Combinations of 

Reflectors 

1174-1189 1,3m 2 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 
TAPE 
NO. 

FM 
TAPE 
NO. 

MODE DESCRIPTION EXPERIMENT 

1194-1212 3,7,10m 2  Trihedrals 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 7,10,28m 2  Trihedrals 22 16 A/B Six Reflectors 

10,20,26.5m 2  Dihedrals 

1242-1244 Individuals and — 16 B Documentation 
Combinations 

2/17 1248-1286 1m 2  Trihedral — 17 B Targets embedded 
in Clutter 

Targets with Tree 
Clutter 

3m 2  Trihedrals 

28m 2  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 
on Simple 
Targets 

11/5 190 

Compression 
in Multipath 
and Interference 

3/2 600 

Characterization 
Clutter backscatter 

5/3 160 

Compression as a 
Function of Target 
Complexity 

7/1 250 

Detection of Targets 
in Clutter 

4/5 
1.00 

System Range 
Resolution 2/1 50 

Signatures of 
Targets of 
Opportunity 

4/3 30 
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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) distinguish 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. 
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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 

3 	 3 	 3.4 

1 
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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. 
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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 

processed 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 Position" 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 

	

PNF: 	500. 
IPAR DISPLAY SWITCH POSITION: 0161IAL TAPE 

	

IPAN COMPUTEN FLAG SWITCH: 	CLK 

	

'PAR RUN/TEST: 	OWN 

	

SUB-PULSE LENGTH; 	40 
TRANSMIT CODE LENGTH: 32 

ANALYSIS OF Rilid WimBER 	11 

STATISTICS REPORT 

AVERAGE CORRELATUR OUTPUT (VOLTS): 

	

-.9 -1.9 	-.7 	.4 	.7 	1.7 	.0 -2.2 	1.6 e./ 	1.3 	.8 4.5 	.5 "1.7 -2.3 	.4 3 .2 	.1 -2.8 -.6 

	

2.7 	.5 -1.6 	.1 	1.9 -1.0 	.1 	.4 	1.8 G.9•29.3 -.2 	1.8 2.5 -.6 - 1.1 	3.0 d.2 - 2.b 	.1 	1.2 

	

-1.9 -1.1 -2.1 	4.8 	1.6 '2.6 •.1 	•.6 5.8 	1.4 	.2 	1.2 3.9 '1.0 •.3 	1.0 	1.7 	. .8 - .1 - 1.1 - 1.0 

STANDAWU DEVIAIIUN OF CORRELATUR OUTPUT: 
to 	 .3 	.3 	.7 	.6 	1.0 	1.1 	.8 	1.5 	.8 	1.1 	1.2 	1 . 2 	1 . 0 	.7 	.9 	1.1 	1.2 	.8 	.1 

	

1.0 	.8 	.9 	1.0 	1.0 	.9 	.9 	1.2 	1.1 	1.3 	2.1 	1.2 	.9 	1.0 	.8 	.9 	.7 	- .7 	.6 	.6 	.6 

	

.6 	.6 	.1 	.6 	.6 	.6 	.5 	.6 	.5 	.6 	.5 	.5 	.6 	.5 	.4 	.5 	.4 	.4 	.3 	.3 	.0 

100.0 PERCENI OF THE PULSES HERE GOOD 
576 VULStS WERE PROCESSED 

AVERAGE PEAK CURKELATOR OUTPUT: -29.3 VOLTS' 
STANIAR° DEVIATION OF PEAK OUTPUT: 2.1 

AVERAGE PEAK POSITION: 	.0 
VANUARO DEVIATION: 	.0 

AVERAGE OUTPUT OF oiN NUMBER 16 IS •2.6 VOLTS 
STANDARD DEVIATION: 	.6 

AVERAGE PEAK SIDELUBE LEVEL:-14.8 OF) 	 PSL OF AVERAGE OUTPUT:-14.0 DB 
STANDARD DEVIAIIUN: 	.8 

AVERAGE INTEGRATED SIDELOBE LEVEL: '5.7 08 	1SL OF AVERAGE OUTPUT: -5.6 DB 
SIANoAKO DEVIAIIUN: 	.5 

AVERAGE LOSS IN PROCESSING GAIN: - .8 DB 	LPG OF AVERAGE OUTPUT: -.8 DB 
STANDARD DEVIATION: 	.6 



TABLE 11. 	SAMPLE DIGITAL ANALYSIS OUTPUT. (Continued) 

* ***** * HISTOGRAM REPORT 

HISTOGRAM OF PEAK (PEAK IS IN VOLTS): 
PEAK: 	-32 -31 -30 -29 -28 -27 -26 -25 -24 -2s -22 -21 -20 -19 -16 -17 -16 -15 -14 -13 -12 -11 
ucCoRENCES: 54 162 100 54 114 12 30 18 	6 14 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 

PEAK: 	-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 	U 	1 	2 	3 	4 	5 	b 	7 	8 	9 10 11 
UCCuRENCES:000000 	000 	u 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 

PEAK: 	12 13 14 15 16 17 Id 19 20 21 22 23 24 25 26 27 28 29 3U 31 32 
OCCURENCES: 	0 	0 	0 	0000 	0 	000 	00000 	0000 	0 

HISTOGRAM OF PEAK POSITION: 
POSITION : -31 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21 -20 -19 -18 -17 -16 -IS -14 -13 -12 -11 
OCCUNENCES: 	U 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 

POSITION : -10 -9 -8 -1 -6 -5 -4 -3 -2 -1 	0 	1 	2 	3 	4 	S 	b 	7 	8 	9 10 
OCCUNENCES: 	000 	0 	000000576 	0 	0 	0 	0 	0000 	0 	1.1 

POSITION : 	11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
UCCURENCES: 	0 	0 	0 	0 	U 	U 	0 	0 	0 	0 	U 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 

HISTOGRAM OF BIN NUMBER lb (OUTPUT IS IN VOLTS): 
1 	OuiPur: 	-32 -31 -30 -29 -28 -27 -26 -25 -24 -es -22 -21 -20 -19 -18 -17 -lb -15 -14 -13 -12 -11 

OCCUNENCES: 	00000 	0 	000000000000 	0 	0 	0 	0 

OUTPUT: 	-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 	U 	1 	2 	3 	4 	5 	6 	7 	8 	9 10 11 
OCCUNENCES: 	0 	0 	0 	0000037e 18U 24 	0 	0 	0 	0 	0000000 

UuiPuT: 	12 13 14 15 16 1/ 	18 19 20 21 22 23 24 25 26 27 28 29 30 31 	32 
OCCoRENCES:00000000000 	000 	0 	0 	0 	0 	0 	0 	0 



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 experiments, 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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Figure 16. 	FM data reduction system block diagram. 
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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) perform ance 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 receive'd-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 PAR 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 

trihedral), 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 correlating 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 backscatter 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 range (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 resolution finer 

than the natural range resolution obtainable with a pulsed system. () 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, r < T
o' 

 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 2T 0  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 = and T = 

emulates the return one would expect from a simple transmit pulse of duration t, and 

it thus represents the output of the resolution cell of interest. The smaller returns found 

between T = - T
o 

and T = T
o 

represent responses that would not be present if the 

transmit pulse were indeed a short pulse of duration 1.  and thus represent undesirable 
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Figure 18. 	Pulse-compressed output. 
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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 
1 

actually were generated by two point scatterers separated by r  (2T) 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, la 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 -
Maximun Sidelobe in dB 

Peak Signal 

and 

ISL = Integrated Sidelobe Level -
Total Power in Sidelobe in dB 

 
Power in Peak Signal 
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Figure 19. 	Response from an amplitude-dependent pulse compression system. 
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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. (8)  

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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Figure 20. 	Response from an amplitude-independent pulse compression system. 



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.
(10) 
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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: (n simple targets, (2) complex targets, (3) clutter, (4) targets in clutter, and 

(5) targets in multipath interference. 

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. (9 '10 '11) These 

presentations not only describe the IPAR concept, but also discuss IPAR's potentials in 

the areas of target identification by radar (9)  and generation of lowered probability of 

intercept (LPI) waveforms (10) 

9.2 RECOMMENDATIONS FOR CONTINUED RESEARCH  

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

and documented IPAR performance 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 

83 



$J08 A3366000 LOHE.4,mN 	 0001.000 

SUPTION 1 2 3 4 5 17 	 u0u2.uu11 

SEXECIJIL FURT77 	 u003.0uu 

PRUGHAM OisCLD 	 0004.000 
C  
C 	

0005.000 
0006.000 

C 	 * 	 ■ 

C 	 * 	PROGRAM OISCLU 	 * 	 Mt7i.0 0 00U 
C 	 * 	 * 	 O004.000 

C 	 0010.000 
C 	 0011.000 

Lu6ICAL rw0EUF, NE11r4AN6t, ALL 	 0012.000 

COMMON / IUUNII / NIAP, NSLO, hHuR, NulA 	 0013.000 

CUmMUN / THOATA / NIAPLS , NRUNS 	, NHUNSEH , NkUN 	 0014.000 

K 	 NRUNEHR , NTHECS 	, Nflit.C.Sck, 1,04t, 	 0015.o0u 

is 	 NikFCERR, NDRELS . NUHLLSt-R ►  NOktC 	 0016.000 

6 	 NOI(LCEkR, •sITAPF_N 	, NHUN8 	, NHONE 	 0017.000 

6 	 NiLGIN , HEW) 	, NHUNTm , NokiNc 	 0018.00u 

CUMMUN / OVSIAI / NSIATT, qsrAtos, N5fAln, NSIAI0, NSIAlL, NSFATI, 0019.000 

& NSTATHU, NsTATUO, NSIATIIC, NSTATUC, NmUuNI, 	0020.000 

6 	 NOSoNT 	 0021.000 

COMMON / MISC 	/ CTJ.ER, CTIPIte, PLSI-THLL, RLSPUREC, 1Hut0F. 	0022.000 

& NhoIRANI, E, ALL, MIlmt(3), NUAIL(3), NHULL, BELL 	0023.000 

CALL OUTPUT (I) 	
0024.000 

CALL FILLS (1, IERR) 	 0025.u00 

IF (IEHR .LO. 2) THEN 	 0020.000 

100 	CONTINUE 	 0027.000 

CALL IAPF1NIT (ITAPEN, IORtC, 114k) 	 0028.000 

IIFILt = U 	 0029.000 

IF (11APEw .GI. 0 ,AND, Itlik .EU. 21 FHtw 	 0030.000 

200 	 CONITP00E 	 0031.00u 

CALL RUNSLCT (1RUN6, IRU.+F. IDfitC, Ito?) 	 0032.000 

IF (IEHR .01. 2) THEN 	 0033.000 

300 0034.000 CUMNIIt 
CALL NEAOE4 (1, ITRtC, IEHR) 	 0035. 0 00 

II-  MPH .Eu. 2) IHEN 	 0036.000 

ITFILE = IIFILE + 1 	 0037.000 

CALL H040EC (IHUNB, IRurlt, plow, PRF, IINLL, Itkii) 	0038.000 

IF (1F4, .E.O. 2) THEN 	 0039.000 

704A4CH = NhONTLST (IkUNB, I2U9t, PION, ILRH) 	0040.000 

IF (I(iqANCH .E1. 4 .AI1U. ItRR .EN. 2) rhEN 	 0041.000 

CALL HUNTImE (HTImt ,  Pitt- , IRUY, ITIMt, ItRii) 	0042.000 

1F (HT(mt .Gf. 0.0 .AINU. ItRH .EU. 2) THLN 	0043.000 

400 CUNlINUt 	 0044.000 

CALL NEAOER (2, Ilktip lEHR) - 	 0045.000 

IF (Itfiri .EU. 2) fHtm 	 0048.01)0 

CALL DU•PDATA (IIHEC, IOMEC, ITIME, IRON, v041.000 

6 	 1-40- , IHHAII.C ► , ZOO() 	 0048.000 

ELSE 	 0049.000 

CALL DATACHLK (INE- Cr ItilkEC, I1IME, IRON, 0050.000 

6 	 PK•, I0HANCH, 114k) 	 0051.000 

ENO IF 	 0u5e.0uu 
IF (IIIHANLH.EU.4 .ANU. IEHR.EU.2) 60 TO 400 0053.00u 

ELSE IF (HTImE .10. 0.0 .ANO. IEHR .10. 2) (HEN 0054.000 

10.“%NLH = 3 	 U055.UvU 

ELSE 	 0056.000 
IURANLH = NtNANC41 (Ite00 	 0057.000 
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ENO IF 	 Ou515.4)‘0 

ELSE IF (IEHR „NE. d) 	 0159.uvu 
16kAwCH = NBRANCH 11E100 	 usliau.000 

END IF 	 UUbl.uu0 

ELSE 	 Ou02.0u0 
TbRA4CH = NBRANCH (LEHR) 	 u0b3.uuu 

ENU IF 	 uub4.uuu 

ELSE IF (1ERR 	3) THEN 	 uubb.JUU 

IRtAiCH = NFAPECHK (INUEut, lifluE, LERR) 	 Uubb.UuU 
uub/.0Uu ELSE ILE 

	

= ITFILE + 1 	 uabo.OuU 

IRRANcH = NBRAwCm lIERk) 	 Uob9.0uu 

ENO IF 	 Uu1U.uo) 

IF (IuRANCH .Ew. 3 .ANO. IERk .Eh. c) Gu TO 300 	 U071.0v0 

ELSE 	 U072.0u0 

'BRANCH = NrstiAwCH (1EkR) 	 UU73.0UU 

ENO IF 	 0074.0UU 

	

IF CD:MANCH .E(I. 2 .ANu. IEHN .tu, e) GO Tu 200 	 u07b.uuu 

ELSE 	 0076.000 
u017.UU0 IORANCH = u 

ENO IF 	 uu78.000 

REwINu (NTAP, IUSTAT = wSTAIRw) 	 0079.000 

IF (NSTATRw ,NE. U) CALL uulPuT 	 0080.0u0 

NRUNS 	= wRuNS 00 d 1 .Uv 0 

 Nm UNSER = NRuMSER 	sp41111XEWR 	 0052.00u  

NTRECS 	= NTRECS 	+ NTREC 	 0083.000 

NIRICSEN = •TkECSER + NNECERR 	 0064.000 

NTRECS 	= NoRECS 	+ NOREC 	 0ud5.0u0 

NuwtCbEk = NDRECSER + woREcEkk 	 uobb.UUu  

If (IrAPEN .OT. u) CALL OUIPuT (4) 	 00a7.000  

IF (1dRANICH .to. 1) Go iu lou 	 uUdti.uu0 

CALL UuTPUT (30) 	 0089.1)00  
ENO IF 	 Ou4u.0U0 

CALL FILES (2, IERk) 	 0041.00u  
CALL 001 2 01 (211) 	 009d.000 
SLOP 	 u043.u00 

tN0 	 0u44.000 

SuBRuurINE PONS(CT (IR114H, IR(JPE, IuRtC, _LEHR) 	 Ou95.000 
C 	 u09(3.000 
C 	 OU97.uu0 
C 	 * 	 * 	

1(1=0 C 	 *  

	

SURkrlurINE RuNSLC1 	 )  
C 	 * 	 * • 	0100.000 
C 	 0101.uU0 
C 	 0102.000 

LOGICAL TwuEUF, NEpmAwGE, ALL, ERROR 	 0103.000 
Cu4MUN / oliSrAT / wsrAlr, wSrAlw, NSTArh, NSIATU, NSIAIC. NSTATI, u1u4.0u0 

& 	 NS1ATHu, NSTATUO, NSrATHC, NSTANC, wHuUNT, 	0105.000. 

a NDS4wr 	 010b.uu0 

CUMNUN / TROATA / wrAPES 	wRUNS 	NRUNSEk r NRUN 	r 	 U1U7.000 

a 	 NRuNERk 	NTRECS r N1REA;Stlit NTkEC 	 0108.000 

'6 	 N1NECEHR. NORECS r NUNICSLR, NUHEC 	 0109.01)0 

NORECERR, NTAPEN r NKUNB 	t NRUNE 	 0110.000  
NkUNIM 	NOROE a 	 44tG1N 	WEN) 	 0111.000 

CUMPUN / 	 / crIkER, CrImEA, PLSelktC, FLSPuREC, lAUEUF, 	0112.000 

wEvIRAAGE, ALL, mr1m1(3), AuATE(3), svRJLL, 'JELL 0113.000 
100 	CONTINUE 	 0114.000 
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ERROR = .FALSE• 
WRITE L'UT', 2110, IUSTAT = NSTATC) BtLL 
IF (NSTATC .NE. u) THEN_ 

ItRR = 4 
INUNB = INUNE = U 
CALL OLOPOT (3) 

ELSE 
RtAU ( 1 1W, *, IOSTAT = NSTATC) IRuNb, IRuNt 

IF LNSTATC .F.w. 0) 1HtN 
IF ((IRoN14  .LE. u) .OR. LTR(INE .Lt. 0)) THIN 

IERR = _ a  
CALL OUTPUT (33) 

ELSE IF (IRONS .GT. IRONt) THEN 
ERRUw = .1RuE. 

ELSE 
NKUND = IRUNR 
NRUNE = /RUNE 

If (IRUNg .to. 9999 .ANU. IRUNE .t[1. 9949) THIN 
ALL = . TROE. 
CALL OUTPUT (6) 

ELSE 
ALL = .FALSE. 
CALL ouTeur (6) 
CALL DisKchEK (IRLINR, luktc, 1, JERI) 
IF (IFRT .En. 22) 1HEN 

ERROR = .TRUE. 
ItRf 	= o 

LNU iF 
END IF 

ENu IF 
ELSE 

IF (NSIA1C .NE. 15) THEN 
IERR = 10 
'RIMS = TRUNE = 0 
CALL OUTPUT (e) 

ELSE 
ERRuR = 

ENU IF 

ENO IF 
END IF 
IF (ERROR) GU TO 100 
NtaRANGE = .FALSE. 
RE1URN 

0115.000 
u116.0uu 
0117.000 

0116.000 
0114.0uo 
01211.000 
0121.000 
ulezon0 
0123.000 
0124.000 
ulebon0 
01e6.uuu 
11127.000 
0128.000 
01e:ion() 
0130.0.10 
0131.0u0 
0132.000 
0133.000 
0134.000 
0135.1100 
0136.000 
0137.000 
0136.000 
0139.000 
0140.000 
0141.0)0 
014zon0 
u143.000 
0144.0uu 
0145.000 
U146.000 
0147.000 
0148.000 
0144.000 
0150.000 
0151.000 
0152.000 
0153.000 
0154.000 
0155.000 
0156.000 
0151.000 

200 	FORMAT(/AWENTER> START AND STUP RUN NuFIDERS IN INTEGER ', 	0156.000 
rG 

	

	IFoRMAT 1 /9WLENTER 9999 FUR 811TH TU PROCt5S ALL RUNS ON ' 1 0159.000 
'THE TAPE) 1 /6X,',. NON-POSIVIVt VALUE FUR EITHER 1U SKIP 1 ,0160.000 

a 	 'THE REST OF 1HE TAPE') 	 016.1.000 
END 	 016e.000 .  

C**** 	 0163.000 
C**** 	 0164.000 

suriRourINE oumpnATA (1)REc, 1DREc, ITLIE, IRON, ) , RF, 10kaNcH,I6AH)0165.000 
C 	 J166.000 
C 	 0167.000 
C 	 * 	 * 	 0168.000 
C 	 * 	SUHROuTINt UumPUAIA 	* 	 11164.000 
C 	 * 	 * 	 0170.0u0 
C 	 0171.000 
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, NRuNSEK 
• Nlktl:StR. 
• NUktCSER. 
, NkUNo 
, NktpiIm 

1R UN , IL4 k) 

NRuN 
NTREC 
NoREC 
NRuNE 
NDKwE 

IbRANCM, IENR) 

C 
COMMON / 

a 

6 
IF 

TkOATA / NTAPES 	NRUNS 
NRuNtRR 	NTRECS 
NTRECENR, NDRECS 
NORECEkk, NTAPEN 
N8EGIN NEND 

(ITREC .GI. 0) THEN 
CALL SNITCH 
CALL SmuFFLt (IERK) 
IF (ItkR .F(+. 12) THEN 

NTRECEKR = NIRECERR + 1 
ELSE IF (1FkR .E0. 2) THEN 

NTKEL: = NTREC + 1 	• 
CALL TkA

ENU IF 	
(IIREC, 1DREC. NSI- ER  

ELSE 
IERR = 11 
CALL OUTPUT (19) 

ENU IF 
CALL DATACHEK tIIREC. IDREC, 
kETUKN 
END 

ITIME, IKuN, 

C**** 
C***• 

SU8RUOINE numeRtmt (ioREc ► 	 PRF, ItRk 

• 	SUNKOUTINt uumPRE0R 
• 

C 
C 
C 
C 
C 
C 
C 

LUGICAL IwuEUF ► 
 
NE. RANGE. ALL 

COMMuN / DATA 
	

/ IKOR4(3). IAUF0(278) 
COMMON / TUuNif / NTAP, NSLO ►  Nriuk, NUTA 
CUmmJN / 0vSIA1 / NSTATT, NstAlw, N;rAiri, 1%51470 ►  NSTATC ►  NslAri, 

NsTomo, NstAtuo, 	 wsTATuc, NmuuNT, 
a 	 NosANT 

commum / TkoATA / NTAPES ►  NRUNS 	►  ARUNSER 	NRuN 	►  
& 
	

NRUNERR 	NTRECS ►  NiRLLStR. NfREC 
• fRECEKR. ADKECS ►  NUKtCStk, NUREC 	►  
NDRECERR, •TAPEN 	 ►  NRUNE 	►  
NriEGIN ►  'SEND 	, NRUI41A ►  NDKWE 

COMMON / MISC 	/ CTI•ER ►  CTIMEA ►  PLserRtc, eLspuritc, TiqUEOF ►  

Ii 
	

NEARAN6E ►  ALL, MIlmt(3), muATEISI ►  NKULL ►  BELL 
COMMON / niRLCT / NOld (1400,2) 
6RITE (Wink, 9tC = IRON. IuSTAT = NSTAEK) !MURAT, NIIEGIN, IUREC 
IF• (NSTATm 	U) THEN 

NtNU = IOREC 
NUIK(1RUm. 1) = NbEGIN 
NOIR(1RUN ►  2) = NaND 
NKON 	= NRUN + 1 
NuREC = NDIRFC + tIURtC 	N8EGIN + 1) 
CilmEA = FLuAI(NEND - NbEGIN + 1) ■ PL:WOKEC / PkF 
CALL uulPuT (20) 
NdEGIN = 'VEND 	1 

ELSE 

017e.000 
01/3.000 

01/4.000 
U175.0U0 
01/8.000 
01(1.000 
01/8.000 

0179.000 
0100.000 

U1b1.000 
0188.000 
0183.000 
0184.000 
01b5.UVO 
Ult3b.U0(1  

0187.000 
0188.000 
0189.000 
0190.000 
0191.000 
0192.000 
0193.000 
0194.000 
0195.000 
0198.000 
0197.000 
0198.000 
0199.000 
0200.000 
0201.000 
0202.000 
0203.000 
0204.000 
odo5.000 
0208.000 
0207.000 
0208.000 
0209.000 
0210.000 
0211.000 
0212.000 
0213.000 
0214.000 
0215.000 
0218.000 
0217.000 
0218.000 
0219.000 
0280.000 . 

 02e1.000 
0222.000 
0223.000 
02e4.000 
0225.000 
0228.000 
0227.000 
0228.000 
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0 TERN = 7 	 229.000  

IDREC = NtNO 	 0e3u.u0o 
NHUNEkk = NkuNFH4 4 1 . 	 0231.000 
NUktC = U 	 0232.000 
CII0EA = u, 	 0233.000  
CALL uolpuT (el) 	 u2.54.0uu 

LAO IF 

HETURN 	
0e35.000 
U23(.000 

IN() 	 0e37.000 
C**** 	 0236.000 
c**** 	 ue39.u0u 
C**** 	 0240.000 
c**** 	 0241.000 

SUUkUuTINE TAPEINIT (ITAPEN. IUktC, ItAk) 	 0242.000 
C 
C 	 uu2 4= 
C 	 * 	 * 	 ue4o.ouo 
C 	 * 
C 	 * 	 * 

SUPROUTINE fAREINIT 	
0024= 

C 	 0248.000 
C 	 0249.000 

LOGICAL TeJUEOF. NFoRA4GE, ALL, EkkuR 	 02 5 0.0u0 

COMMON / DVSIAI / NSTATT. NsTAla, NsTATH, NSIATO. NS1AIC, 	 u251.000 

NSTATHu, NbTATUD, NsTArHC, NSIATOC, NmuUNT. 	0252.000 

NOSAAT 	 0253.000 

COMMON / THOATA / NIARES 	NRUNS 	• NkUNSEk 	NRUN 	• 	 0254.000 
miuNERR 	NTNECS 	NTkt.CSEk, N1 EC 	 0255.000 

is 	 yrkECEkw. vikELS 	NuktCstq, NokEC 	 0256.000 
NDHECENR. NTAptN 	WalkD 	NWUNE 	 0251.000 

Nil(bylm 	NDhAE 6 	 N3EG1N . NENO 	 0250.000 
CuMmUh / MISC 	/ CT1•ER, CTIv64, PLarIRLL, eLS•ugEL., fAUtuF. 	u259.0u0 

6 	 NE6RANGF, ALL, Mllmt(3), 41, 416:(3), NKULL, bELL 	0et.0.000 
COMMON / DISK 	/ H5IHEUK, NbZUAFA, NtiPSLIH, NtIpm&C, NtiPuREC, 	u2b1.uuu 

NiPPLSE, RHSrAGE, Nkmhtuk, ROSPACE, rHMOATA, 	0262.000 
N4mPLsE 0263.000 

IF (NTAPEs .t14. U) THEN 
100 	CUNTINut 

EKRUR = .FALSt. 
WRITE ( 1 111 . , SOU, IUSTAI = Ns1A1C) ritLL 
IF (NS -7 ,M .FU. U) IHEN 

READ 	 *, IuSTAT = Ns141C) IONLL 

IF (NSTAIC .E0. U) THEN 
IF lIukEC .GT, 0) THEN 

CALL DISKCHEK (0, InNEc, 2, ItkR) 
NBLGIN = IDREC 
TEND 	= IDREC - 1 
PLSPOUEC = FLOAT(NoPUREC) / PLuA 1 (43PPLSE) 

ELSE 
ERKOk = . NUE, 

END IF 

ELSE 
IF (NSTATC .NE. 1 5 ) THEN 

IFNR = 10 
IOREL = 0 
ITAPtN = 

CALL OUTPUT (2) 
ELSE 

0204.000 
0265.000 
0260.000 

0267.000 
0206.000 
0269.000 
0270.000 
02/1.000 

0272.000 

0273.000 
0214.000 
0275.000 
0276.000 
0277.000' 

0276.000 
0279.000 
0250.000 
oet$1.000 
0262.000 
0203.0uu 
0254.000 
0265.000 
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ERknw = .TRUE. 
ENn IF 

tN0 IF 
ELSE 

1ERR = 9 
ID EC = 
ITAptm = 0 

CALL ouTPul (3) 
END IF 
IF (EkROR) GO TO loU 

END IF 
IF (NSTAIC .tn. 	 IEHR .'E. e3) 

200 	CONT1NuE 
ERROR = .fALSt. 
WRITE ('UI', 400, IOSTAT = I,STATC) HELL. NTAPEN 

	

IF (NSTATC 	U) THEN 
HEAT) ('lIT'. *. TOSTAT = NSIATC) ITAPEN 
IF (NSIAIC .E4. 0) THEN 

	

IERH 	= 2 

	

NKUN 	= hkUNERk = 0 
NTHEC = NT.iECERR = 0 
NDRED = NORECEkk = 9 
NIAeEN = ITAPEN = mAX4 (ITAPEN, 01 
IF (TrApEN .GT. 0) THEN 

InHEL = N0EGIN 
Npumfm = -1 
NT4PEs = \STAPES + 1 
NROLL = •STATT = 0 

1 ,4DE1,F = ALL = NEwKANGE = . 1-ALSE. 

CALL OUTPUT (5) 
ENO le 

ELSE 
IF (mSTATC .NE. 15) ThEN 

lEkR = 10 
ITAPEN = 0 
CALL otlIPUT (2) 

ELSE 
Lport = .THUE. 

END IF 
ENu IF 

ELSE 
lEHR = 
ITAPE% = 0 
CALL OuTeul (3) 

END IF 
IF (Ekpuk) GO TO 200 

ENO IF 
HETolik 

30u 	FORmAT(/A1.'EmIEH> xELOHD Niles:5E1i OF UISK FILE <L)AFA> Al 4HICH'/ 
THE DATA TRANSFER 1S 10 DE6I1 ( > 0 )') 

400 	FORmAT(/AWENTEH ,  mOONT A NEK DATA IAPI AND ENIEH THE', 
rl 	 ' TAPE Ii) NuAbEH WHEN REAW0/ 

	

• 	(THE PkEVIUDS TAPE 10 NdeocER IS'.1S. 1 )'/ 

	

Ix.' 	> NoN-POSIII0E VALUE lu STUP PKOCESSING') 
ENO 
SuOkuLIIINE RUNITHE (HTImE, PHF. IRON, ITIME, WOO 

C 

02bG.000 
0261.000 
02o6.000 
0e99.000 
0290.000 
0291.000 
0292.000 
0293.000 
0294.000 
0295.000 
0e96.000 
0297.000 
0290.000 
0299.000 
0300.000 
0301.000 
0302.000 
0303.000 
0309.000 
0305.000 
0309.000 
0307.000 
0309.000 
0309.000 
0310.000 
0311.000 
0312.000 
0313.000 
0314.000 
0315.000 
0316.000 
031/.000 
0319.000 
0319.000 
0320.000 
0321.000 
0322.000 
0323.000 
0329.000 
0325.000 
0326.000 
0327.000 
032o.000 
0329_000 
0330.000 
0331.000 
0332.000 
0333.000, 
0334.000 
0335.000 
0336.000 
0337.000 
0330.000 
0339.000 
0340.000 
0341.000 
0342.000 
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C 	 0343.000 

C 	 * 	 0344.000 

C 	 SUBROUTINE RUNTIME  0345.000 
0346.000 

C 	 ******************* *********** 	 0341.000 

C 	 0340.000 

LOGICAL l'AUEOF, NEriRANGE, ALL, EnRUk 	 0349.000 

. COmMUN / DVSIAI / NSW', NSIAIK, NSTAIH, NSIATo, NSTATC, N3IAII, 0350.000 
NSTATHU, INSTA TOO, H b 1 Al HI., NSI ruc, NMUuN I 
NUomNT 	

0351.000 
0352.0)0 

COMMON / MISC 	/ CTIMER, ClImEA, 	 eLSPuqtt, l.wEIJF, u353.000 

NEARANGE, ALL, mf1•t.(3), muATEt3), wKuLL, [SELL 	0354.000 

100 	CONTINUE 	 0355.000 

ERROR = .FALSE. 0356.000 

WRITE ('UT', 200, 105141 = NSTATC) 6ELL, IRuN  0351.000 

IF (NSTAIC .NE. 0) THEN 	 0356.000 

IERR = 9 0359.000 

CTIMER = RTIME = 0.  0360.000 

IIIME = U 0361.000 

CALL OUTPUT (3)  
ELSE 	

u3be.Uu0 

0303.000 

READ ('UT', *, IJSTAT = NSTATC) RTIME 	 0364.000 

IF (NSTATC .F01. U) fHtN 	 0305.000 

RTIME = A6AX1 (RTIME, G.) 	 0366.000 

CTImER = RIIME 	 0367.000 

ITIHE = INT (RTIME * PRF I pl_SeTREL) 	 03o8.000 

IF (RTIME .GI. O.) THE 	 0369.000 

CALL UOIPUT (25) 	 0310.000 

LLSE 	 0371.000 

CALL OuTPOT (34) 	 0372.000 

CALL SKPFRSET (IERR) 	 0373.000 

END IF 	 0374.000 

ELSE 	 0315.000 

IF (NS1A1C .NE. 32) 1HtN 	 v376.000 

IERW = 10 	 0377.000 

C1TMER = RTIME = U. 	 0316.000 
/MAE = u 	 0379.000 

CALL u01PuT (2) 	 0300.000 

ELSE 	 0361.000 
ERRUR = .IRUE. 	 lisese.ouo  

tN0 IF 	 0363.000 

END IF 	 0304.000 
ENO IF 	 0305.000 
IF (ERROR) GO 10 100 	 0366.000 
RETURN 	 03870)00 

euo 	FURMAT(/AWENIER ,  NUMBER OF SECONDS Ut DATA TO PROCESS FUR', 0386.0)0 
NON NO•ritR',I5/6X,'> NON - PuSITIVE VALUE 1U SKIP THE '0309.000 

0390.000 a 	: 
ENU 	 0391.000 

o hi ) 

FUNCTION NSRANCH (IERR) 	 039e.000  

C 	 0393.000 
C 	 0394.000 
C 	 * 	 * 	 0395.000 

C 	 * 	FOMC110N NBRANCH 	 0396.000 
0397.000 

C 	 0398.000 

C 	 0.349.000 
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LOGICAL iwUEUF, NE6HAN6E, ALL 	 0400.01/0 
COKHAUN / TkOATA / wTAPES 	wRUKIS 	, VONUNSEK 	NRUN 	 04u1.000 

JL 	 WR04E14./ 	wTHECS r wIkELSEh, NTHEC 	 0402.000 
6 	 wTHECEHR, NnkELS 	wUktCSr-R, woHEC 	 u403.000 

NOHECEHR, NTAPEN 	NHUND 	NHUNE 	 0404.000 

NSEGIN 	NEw0 	, NNUF,114 	NORNE 	 0405.000 
CUmRuN / RISC 	/ CTIAtR, CTIMtA, PLSelkcL, PLSPuHEC, IHUEUF, 	0406.000 

6 

	

	 wE6RAN16E, ALL., m110t(3). muATEL3), WHOLL, dELL k4076: 0: 

N IF ((TERN .Gt. 	1 .AD. 1EHR .LE. 	0) .upt. 	
0/40 

 
• (Itkk .GE. 11 .A00. lEkR .LE. 16)1 (HEN 	 0409.000  

IF INE6HAwnt) THEN 	 0410.000 
0411.0U0 WHHAWCH = e 

ELSE 	 0412.00u 
WEIHANCH = 3 	 0413.000 

END IF 	 0414.000 

IF lIERk .NE. 3) THIN 	 0415.000 
CALL SKPFPSE1 (ItRH) 	 0416.000 
IF (IEWN .211. b) NdHANCH = 1 	 U41/.000 

ENO IF 	 0416.000 

IF (IERk .NE. 6) LEHR = 2 	 0419.000 
ELSE IF (IERk .E(v. -2 .0R. IERR .EU. o) !HEN 	 04e0.uou 

NURANCH = 1 	 U421.000 

ELSE 	 0422.000 
NbkANCH = n 	 04e3o000 

ENU IF 	 0424.000 
RETURN 	 0425.000 
END 	 0426.000 

C** 	 04a.000 
SudROUTIWE TRANSFER (11REC. IDHEC, INuN, itHk) 	 0426.000 

C 	 0429.000 
C 	 0430.000 
C 	 * 	 * 	 0431.000 
C 	 * 	SLOOIOUTIwE 1RANSFtR  

U433.000 

C 	 U435.000 
C**** SUBROUTINE TkAwSFER .J436.000 
C**** THIS SURHOUTINE CnolvE4TS 3 I*PE HEC0HUS TO 4 )ISC RECOkDS  0431.000 
C**** ANU DUMPS 1HE NEN HECOkOS 10 THE DISC PACK. 	 0438.000 
C**** 	1Ht kE1:010 SIZES AkE CHANGED TU PtHmIT EASIER STUkAGt. 	 U439.000 
C**** 46 TAPE kECOkDS = b4 DISC liECOHUS = b4 SECTORS Ow THE OlsC. 	 0440.000 
C 	 0441.000 

COmmUN / DATA 	/ IH11H4(3). IHUFu(e56) 	 0442.000 
CUMMUN / IG11,111 / WTAP, NSLO, WHuP, wulA 	 0443.000  
CUmMUN / DVS1AT / WSIATT, NIS1ATw, NsraiH, wSIATO, NS1ATC, NSIATI, U ,-4 :0  00 (0/0 

NSIATRO, NSTAT00, wS1A1hC, WSTAfoC, NMUOWI, 	
0,114 

 
0 ND6mNT 	 446.000  

OL•ENSIOw IRTEmP1124), IdOuT(192) 	 0447.000 
N = HOU (11REC - 1, 3) 	1 	 0448.000 

C**** IRANSFER FIRST FILE AND STOkt EXCESS. 	 0449.000 
IF (.4 .Eu. 1) THEN 	 0450.000  

DU 1 = 1, 192 	 0451.000  
10001(1) = ISUF0(1) 	 0452.000 
IF (I .LL. K4) I6TtRP(I) = Idufu(l 	1 9 2) 	 0453.000 

	

END DU 	 0454.000 
AHI1E (0.01A, kEC = lUkEC. IDSTA1 = wS1A1J1 1:3001 0455.000 

C**** TRANSFER ExCtSS AWL/ FILL SECUNL,  FILL. slOkE tXCEsS. 	 0456.000 
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ELSE IF IN .t0. d) THEN 	 0457.000 
DU I = 1, 64 	 0958.000 

IN0111(1) = 10TEmP(1) 	 0459.000 
ENU DU 	 0400.000 
DO J = 1, Id' 	 0961.000 

18uuT(J + 04) = liuFU(J) 	 0462.000 
IBIEmP(J) = 1301-0(J + 12e) 	 0403.000 

ENo DU 	 0969.000 
KRIIE (NDIA, RFC = 10REC, IuSIA1 = NSTAP)) laUUT 	 0405.000 

C**** TRANSFEk EXCESS AND FILL THINn FILE, bluRE FACESS. 	 0966.000 
ELSE IF (N .t0. 3) ThEN 	 090/.000 

DU 1 = 1, 126 	 0468.000 
18uuI(I) = InTE/H(1) 	 0469.000 

IF (I .LE. 64) ItUDT(I + 12o) = 18U1'D(1) 	 0410.000 
END DU 	 0471.000 
WRITE (NDTA, NEC = 1DNEC, IOS1AT = NSfATO) 18UU1 0472.000 

C**** TRANSFER EXCESS 10 FUURTH FILE. 
U418 77!.0°‘100 IURtC = IDREC + 1 	 0074.000  

CALL UISKLHEK (lRUN, IDNEC, 2, IERR) 	 0475.000 
IF (TERN .Nt. 23) fritN 	 0476.000 

DO J = 1, 192 	 0477.000 
I8OUT(J) = 	IBUFO(J + 64) 	 0478.000  

END 00 	 0879.000 
NRJTE (NUTA, RtC = IDREC. IOSIA1 = uSfATU) IBUuT 	 v480.000 

END IF 	 0481,000 
END IF 	 0462.000 

C**** ERROR CHECK 00 
 IF INSIATo .NF. U) THEN 

ItRR = 5 	 0485.000 
NORKE = IUwtC 	 v406.000 
NURECERR = 110 KFCEqR + 1 	 0407.000  
CALL uu1PuT (18) 	 0988.000 

END IF 	 0489.000 
RETURN 	 0990.000 
END 	 0991.000 

L**** 	 0492.000 
c**** 	 0493.000 

SUORUUTINE Sr.ITCH 	 0499.000  

C 	 0495.000 
0490.000 

C 	 * 	 * 	 0497.000 
C 	 * 	SuNROUTIlt 	 0498.000 
C 	 * 	 * 	 0499.000 
C 	 0500.000 
C** 	 0301.000 
C**** THIS SUBROUTINE St,,ITCHES THE BYTES IN A WuND. 	 0502.000 
C**** triE 8Y1ES IN A 'Julio miL IN THE ORDER 4 ,3,2,1. 	 0503.000 
C**** THIS SU9ROuTINt NFARAubES IHtM TU 1,d.3,4. 	 0504.000 
C**** THIS MAKES THE .40ROS EASIER TO NoRK 8118. 	 0505.000 
C** 	 0506.000 

COMMuN / DATA 	/ IHUR4(3), IPUF0(2a6) 	 051,7,000 
INTEL,ER*1 1FYTL(1024), IdTNP 	 0508.000 
EOUIVALE4CE (T010- 0,18YIE) 	 0509.400 
18TMP = 0 	 0510.000 
DO I = 1, 1024, 4 	 0511.000 

TaTmp = I0y1F(1) 	 0512.000 
101'1E1'1 = IPYTt(1 + 3) 	 0513.000 

92 



11/Y1E(1+3) = IRT4P 
U  I8THP = IurIF(T 

• 

1) 	 0V1 451= 
TuYfE1I + 11 = IHY1E(1 

• 

e) 	 0518.000 
113Y1E11 + 21 = 181mi/ 	 v517.000 

ENO DO 	 0518.000 
RETNRN 	 0519.000 
tNU 	 0520.000 

C**** 	 05e1.0y0 
cwww* 	 0522.000 
C** 	 0526.000 

SUBROUTINE 5100-FLF (ItHR) 	 05e4.000 
C 	 0545.000 
C 	 0520.000 
C 	 * 	 * 	 0527.000 
C 	 * 	SonROLIIINE SHUFFLE 	 0528.000 

05e9.000 
C 	 0530.000 
C 	 0531.000 
C**** 	 0562.000 
C**** !HIS SuBROuTINt "SHUFFLES" TwO WORDS by TAKING THE FIRS1 	 0536.000 
C**** blf OF TwO NURuS AND MAKING THtm THE 1 - IRST AND StCUNu OF 	 0534.000 
CA*** A NEN NON!) AND Su UN. UNTIL IHtRE ARE Inu Ntn SHUFFLED NODS. 	0535.000 
C**** THE RAH DATA IS FORMATTED AS FOLLOwS: 	 0538.000 
C**** A-HEC,16-REC,A-RFC,3-HEC.ETC... 	 0537.000 
C**** WHERE EACH PATH 1A-RLC,9-4EC) IS CUmRuSEU OF 8 BYTtS OR 	 0538.000 
C**** ONE PULSE. THIS SU3RuUTINt RECOHOINLb EACH PAIR INTu 	 0539.000 
C**** THE UHuFFLtD FORM DEsCRISEU ABOVE. THE SUBRLUSE COOLS 	 0540.000 
C***A CAN THEN Rt COHPAIREU ANu A PULARILATIuN VALUE OtTERMINEu, 	0541.000 
C**** bUl THIS OCCURS IN ANO1HER PRDURAm. 	 0542.000 

C** 	 0543.000 
COMMON / DATA 	/ 140k4(3). IHLIFU(458) 	 0544.000 
DO J = 1.256.2 	 0545.000  

ISTOA = 0 	 0548.000 
ISTOB =0 	 0547.000 
ITEmF1 = u 	 0548.000 

0549.000 ITEHR2 = u 
IuDHA = TuoFO(J) 	 0550.000 
IDUmb = I8N1, 0(J + 1) 	 0551.000 
IF (IERR .Nt. 12) THEN 	 0552.000 

C**** BEGIN SHUFFLE uF FIRST 40 RU. 	 0553.000 
00 I = 1.18 	 0554.000 

ISTuA = IdIfF(luuKA. 1-1, 1. LEHR) 	 0555.000 
ISTuR = 181iF(IuumA, I-1, 1. IERh) 	 0556.000 
IF 11ERh .qt. 12) 	 0551.000 
IlEmPI = I3HF1(1810A,2*1-1)+ISHrl(IsT08.2*(I-1))+IftMF1 	0558.000 

ENU " 
	

0559.000 
EMU  0560.000 
IP (JERK .NE. 12) THEN 	 0561.000  

C**** dEGIN SHUFFLE OF SECUNu HOBO. 	 0582.000 .  
00 I = 17,32 	 0563.000  

ISTUA = T011F1IuNNA, I-1, 1, 1E1410 	 0584.000 
ISTup, = 1811F(IuU".B. 1.'1, If IEHR) 	 0565.000 
IF (TERN .4L. le) 	 0588.000  

= ISHFI(IS1JA,2*1I-181-1) , ISHFT(IST(10,2*1I-1f)) 	0507.000 
• Iltr.W2 	 05E18.000 

ENO 00 
ENO IF 	 0570.000 



IF (ItRk 	12) !HEN 	 Os/1.0Uu 
IBOFO(J ) = yum(Empl) 	 vs/2.0in 
17rU(J+1) = NUTII1EMPe) 	 0573.000 to40   

u574.u00 
ENO u0 Us7s.000 
IF (1EOR .t.O. 12) CALL OUTPUT (17) 
RN 	

057b.uu0 
ETUR  u571.(AW 

Err 	 0576.000 
cAAAA 	 0579.000 

FUNCTION NTAPECm& (EuF, IF1LE, IERK) 	 U5130.000 
C 	 W3d1.000 
C 	 0s02.0uu 
C 	 * 	 * 	 05o3.0U0 
C 	 * 	FUNCTION N1APECRA  (3d4.U00 
C 	 * 	 * 	 U5dS.000 
C 	 0506.000 
C 	 u5b7.uu0 

LOGICAL EoF  05dd.Ouu 
CUMMUN / TUUN/1 / NTAP, NSLD, NHUR, NuTA 0569.000 
CUMMUN / DVSIAT / NSIATT, NSTATv, NSTATH, NS1ATU, NSTATC, NSTATI, 0590.000 

NSTAIMU, NSTATUO, NSTATHC, NsTANC, NmuUNT. 	0741.000 
is 	 NoSNNT 	 0592.000 
IF ((FILE .EU. o) (HEN 	 0593.000 

IF (EUF) THEN 	 0594.000 
NTAPtChK = 1 	 0595.000 
CALL OUTPUT (eb) 0596.000 

ELSE  u597.0u0 
NTAptChK = 3  U596.000 
EDF = .TRut. 0599.000 
CALL OUTrui (27) 

	

ENO IF 	 Usul.000 
ELSE 	 0602.000 

NrAPECm& = 1 	 0003.000 
ENO IF 	 0604.000 
IF (IERP .E0. 3) JERK = e 	 0605.000 
RETUKN 	 0606.000 
ENO 	 0607.000 
SUI3RuurINE SARFRsF1 (ItAR) 	 0606.000 

C 	 0609.000 
C 	 0610.000 
C 	 * 	 0611.000 
C 	 * 	SURRnUTINE SRMFRSLT 	 0612.000 
C 	 * 	 * 	 0613.u00 
C 	 0614.000 
C 	 0615.000 

COAm(1N / TUNAIT / NTAP, NSLO, NHUR, WUTA 	 0o15.000 
CumMuN / DvSTA1 / NSTATT, NsTAlw, NsTATH, NS 1 ATU, NSTATC, NSTATI, 0617.000 

NSTAT.10, NSTATUD. ivSTAINL, 4STATUC, NMUUNT, 	061d.000 
NOSmNI 	 0619.000 

IERS = IERR 	 uhe0.Uu0 
SkiPT. ILE (NTAP. InSTAI = NSTATT) 	 u621.000 

. CALL STAINS 01AP, 'ERR, InTIE) 	 (ie.000 
IF ((ERR .NE. 3) THEN 	 0623.000 

0624.000 UFO( = 6  

CALL UUTPUT (14) 	 use5.000 
ELSE 	 0626.000 

IERR = IFRS 	 0627.000 
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ENU IF 	 vbe6.0u0 
062 '1 . 00 0RETURN 

ENO 	 0634.0u0 
SUMRUuTINE NURUFC (INONdr IRUNt. IRUN. PHF. IUREC, IERJ 	 o631.vu0 

C 	 u,.se.ouu 
C 	 ooss.uuo 
C 	 * 	 o034.ouo 

SO6VOUIINE HORUEC 	R 	 0635.000  
C 	 A 	 0636.000 
C 	 063/.ouo 
C 	 0636.000 
Cr 	 (16.59.000 
C* 	THIS SU8mRUTINE uECOUES IRE FIRST RECURu uN INE. IPAR OlOITAL IAPE,S640.000 
C* 	A 12-61. 1t 10ENIIFIER RECUkO, INTu 1Ht F. uLLuaING PARAmETEks: 	0441.006 

Ca 	 BYTeS t- 3 	6Cu-F0kMAT FILE lutN1leItR 	 0042.000 
C• 	 BYTE 	4 	tiCU-FURmAT RUN NUM6tR 	 0643.000 

r= 
C* 	 PTIES 5- A 	IPAR SIAIUS u41A 	

t C* 	 RYTtS 4-12 	A-REFERENCE UATA 	 t 

C* 	THE IPAR SfAliTS DATA IS DECOUEU by A StpAkATt kuUTINE, S1AOEC. 	0b46.000 
C* 	THE FILE HtAuER INFORmAT1oN IS OUTPUT TO THE USER. AN tKROR CUUE,u647.000 
Ca 	1ER, IS REIURNEO AS tOLLOKS: 	 U646.0.10  
C* 	 1 = NU ERROR 	 0049.000  
C* 	 2 = RAU DATA OR INCORREC1 FUmMAT FOR 6PtCIFIEU RECORD 	0650.000 
C• 	 3 = ENO-OF-FILE ENCOUNTEREU 	 0651.000 
C• 	 002.000 

INIEGEH•l IHUR1(12J, IASCII(b). ITEmPL. llEmPH, 16CDAS. MASK 	0653.000 
CHARACIEHe2 kNCHAR 	 0654.000 
LOGICAL IwuEUF. NFvaRANGE, ALL, SKIP 	 0655.000 
CUMMUN / 9ATA 	/ ImUR4(5). 18uF0(t56) 	 0656.000 
COMMON / TUONII / 	NSLO. NMOR, NUIA 	 0657.000 
CUmMUN / TROATA 	NIAPES 	NRUNS 	NkUr4SER 	..RUN 	 Ub56.000 

4 	 NRUNERK 	NTRECS 	WIRLCStR. NIREC 	 0659.040 
NTRECERR. NURELS 	NURtCStk. NOREC 	 Obb0.000 

NORtCERR, NTAPtm 	NkONd 	NRUNE 	 0661.000 
kcIEG1 NE(l) NRUNIM NURME 0b62.000 

CO•MUN / OvSFAI / NSTAIT, NSTA1N, NslAlk. NsIA10. NSIATC, NSTAII. U6b3.040 
A NSIATRU, NSTATUO, N6TAI6C, N6FATUC, NmuUNT. 

ub b6b  ° 6Z.UU0 A 	 NoSmNT 
CuMMUN / MISC 	/ CTIMER, CTIMEA. PLSeTKEL, eLSPuREC, T4UEUF. 	4°66.000 

A 	 NENNANOE. ALL, MlImt(3), MUAIE(3), NkULL. 'JELL U667.040 
CUmMuN 	RN6IAS / 1614StIov) 	 0646.000 

EUUIVALENCE (TH0R1. IHoR4) 	 0669.000  
DAIA MASK, ItICURb / OUF', )0300 / 	 0670.000 

C 	HUN NumStR 	 v671.0v0 
liEmeL = jaNu tIMOR1(4), MASK) + I6CUAS 	 0672.000 
ITEMPH = ISmFTITFMR1(4), -4) 	+ 1oCUAS 	 0673.000 
WHllt (RNCHAR. '(2A1) 1 .10STA1 = NSIA11) 11LMVH, ITEMPL 	 0674.000  
READ 	(RNCHAR, 'Lid)', IUSTAF = NSTAII) IRON 	 4675.000 .  
IF (NSTAII 	U) THEN 	 0676.000  

0 1ER = 13 	 0677.000  
0o78.000 INT).* = U 

CALL OUTPUT (10) 	 0679.000  
ELSE 	 UbdO.uv0 

IF (ikuN .L1. 0) THEN 	 0661.000 
0 1ER = 13 	 602.000  
0663.000 CALL ()LITHO (Su) 

ELSt 	 u644.000 
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IRUN = IRON 	lUIA0(NIAPLN) 	NKULL*I00 	 vddz.Out ,  
IF (IRON .LT. NRUNIM) INLN 	 0(300.00( 

rauN = IRUY + 100 	 000/.00i, 

NRDLL = NROLL + 1 	 u6dd.Uuo 
ENU IF 	 0669.Ju0 

IF (IRuN .LE. u) THEN 	
uufba:u1= TtF  = 13 

CALL JUIPUT (10) 	 0692.000 

tLbE 	 u693.000 

CALL UTbKLHEK (IRON, lukEG, 1, ith) 	 0694.00)  

IF I/tR .(vE. 22) IHtN 	 u695.00u 

NRONN = IRON 	 0696.0U0 

IF (LTRON.GE.IR(lNR ,ANu. Ii 1w.LE.INONE) .0R. ALL) 1ritN0697.000 

SKIP = .FALSE. 	 ub9d.000  

CALL HDRFIX (IRUN, 14uR411)) 	 u699.000  

C 	FILE HEAUER 	 u700.000 

CALL UNPACK (IHURI, IAbC11) 	 07uI.0u0 

NAJTE (NdLo, SO, IOSTAI = i.STATw) (IAbC111I),I=1,6)u 7 u2.000 

WRITE (NSLO, 35, IOSFAI = librATH) IROy 	 U/U3.uv0 

ELSE 	 07041.uOu 

SKIN = 	 0705.000 

LOD IF 	 0706.0uU 

END TF 	 0707.10O 

ENU IF 	 u7ud.O0U 

END IF 	 u709.Uuu 

ENU IF 	 071u.000 

IF (IER .Eu. 13) NRONERR = NkNwErig 	1 	 1)711.0ue 

IF (IER .NE. IS .AN). IEk .0it. 2e .AWU. .LUI.(SKIP)) ThEN 	 0112.000 

C 	OTHER PARA•EIERS 	 0113.000 

C 	RE-ORDER FITTLS 	 (1710.00v 

u TUFF = 4 	 715.0,0  

GU JJ = 1, 2 	 0716.000 

UU II 	= 	I, d 	 u/17.000 

ITEmPL = INni11(10FF+II) 	 018.000 

INURI(101- F+Il) = IMOR1lIuFF+-II) 	 0719.000 

1HW:1(101- F 4- 5-II) = IlEhPL 	 07e0.000 

END DO 	 0/21.000 

IOFF = TuFr+4 	 07e2.000 

ENU Du 	 u/e3.000 

CALL STAOEC (IHuR4(2), 	 ItRI 

C 	

072 0,0 00 

 A HEI. EREoct DATA 	 07dut0 

wRITE (NSLD, AO, lObTAT = NsTATvil IImuK1(1), I = 9, le) 	 0726.000 

LNU IF 	 u7e7.0uu 

RETURN 	 07e0.000 

C 	FuNmAT STAIE•ENTb: 	 0729.000 

30 	Foroi&TI/i11y,7b(1H+)//11x,'DECUOLD RUN HLAUEK REC0R0/11X,05(1H-)/0730.000 

3ex,'FILE Iu: 	 0731.000 

35 	FuRNAT(33x,'RuN ID: 	, ,I4) 	 0f3e.000 

FoNmATL2dWA-REFERENCL:',4(2X,22)/11A,4511O-1) 	 0733.000 

LNU 	 034.000 

su0RuurINE SfAuEC 	 PRF, IERI 	 0735.000 
C 	 073(3.000 

0737.000 

C 	 * 	 * 	 0738.000 

C 	 * 	blInROUILNE SfAuEL 	 u739.UvU  
C 	 * 	 * 	 u740.00u 
C 	 u141.000 
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C 
C* 
C* THIS SURR0uTINt PERFORMS ThE DtCuOIN6 Ur 	THE FILE HEAUER STATUS 

'0742.000 
0743.000 
0744.000 

C* INOWD 	INT0 	IHE VOLLUNING PARAmE1FNS: 0745.000 

C* IPAR DISPLAY 	SwIICH 0190.000 

C* 1PAR CU‘9.11TER 	rLAG 	SAIICH 0747.000 

C* IPAP 	Rul/TES1 0/46.000 

C* SHh-PIILSE LENGTH 0749.000 

C* PRI.,  0750.000 

C* TRAmSmIT 	CODE LENGTH 0751.00u 

C* THESE PARAmEIERS ARE RETURNFo TO THE USER Al1H ThE HELP OF 0752.000 

C* SudRuUTINE 	TAHLE. 0753.000 

C* 0754.000 

COMMON / 	IlroNTT / NTAP. 	NSLO, 	NHuR, 	NU1A 0755.000 

IS1ORE = 	TPARsA 0756.000 

IERD = IERF = IERR = IERS = 0 0757.000 

IENC = 	IERP = 	LENT 	= 	IEkt, = u 0758.0U0 

C 	 PRF 0759.000 

IPtiF 	= 	IRITF 	(1STORE, 	22. 	4, 	IERP) 0780.000 

IF 	(1ERP 	.NE. 	12) 	THEN 0761.000 

SELECT CASE 	!PRE 0782.00u 

CASE u 0703.000 

PRF 	= 	4000. 0764.000 

CASE 4 07b5.000 

PRF = 2000. 0766.000 

CASE 6 0707.000 

PRF 	= 	1000. 0788.00u 

CASE 	7 0709.000 

PRF = 500. 0770.000 

CASE b 0771.000 

PRF = 8000. 0772.000 

CASE DEFAULT 0773.000 

1E101 	= 	14 0774.000 

PIO' 	= 	0. 0775.000 

NPuNERR = NRUAIEAH • 	1 0770.000 

CALL OuTPO 	113) 0777.000 

END SELECT 0776.000 

Ir 	(ItRU 	.ME. 	141 	THEN 0779.000 

MUTE 	(N4L1•, 	Su, 	IUS(AI 	= Ns1A16) 	PRE 0760.000 

C 	 IeAR DISPLAY 	.S.TTCH 0761.000 

Inc 	= 	IRITF 	11STORE, 	1Q, 	1, 	URI)) 0782.0110 

NAu = 3 0783.0Ou 

INUX 	= 	17.3*IDC 0784.000 

IF 	(LERD 	.NE. 	12) 	CALL 	TABLE 	(INUX, 	NM), 1, IERT) 0705.000 

C 	 IpAR CumPuTEk FLAG SAIrCn Q/00.000 

IOC 	= 	IRITF 	11SEURE, 	17, 	1, 	IERrJ 0767.000 

Niel) 	= 	1 0788.000 

INUX = 2.2*10C 0789.000. 

IF 	(IEFIF 	.NE. 	12) 	CALL 	TABLE 	11NUX, 	NNU, 2, 'ENT) 0790.000 

C 	 1PAR RUN/TES( 0791.0u0 

IDC 	= 	IRITF 	(ISTOHE, 	lb, 	1, 	lEkx) 0792.000 

NwU = 1 0793.000 

INuX 	= 9•TuC 0794.000 

IF 	(Hirai 	.NE. 	12) 	CALL 	TABLE 	(INUX, 	N90. 3, IERI) 0,95.000 

C 	 Sud-PULSE LENGIN 0796.000 

LOC = IRITF 	(WORE, 	14, 	3, 	IEHSJ 0797.000 

NWU = 1 0798.000 



IF (IFRS .NE. 12) CALL TABLE (IDE r NW, 4, IER1) 	 O/m9.000 
C 	 TRANSMIT CODE LFNGIm 	 0600.000 

IDL = IRITV (ISTORE, 2b, 6. !ERE) 	 0601.000 
IF (IE6C . 01E. 12) THEN 	 0602.000 

1P2 = 12 	 0603.000 
TICL = u 	 0804.000 
DO I = 1, 6 	 WAU5.04)0 

hB1T = IdTTF (IDE, I - 1. 1, ILRL) 	 0606.000 
LILL = ITCL+IP2*(1 - 6011) 	 (1607.U00 
1P2 = 1P2/2 	 U8U8.Utto 

FND DU 	 0609.000 
IF ITEM. .4E. 12) WRITE (NSLu, 35, IOSTAI = 1461ATN) 'ICE 0010.000 

END IF 	 0611.000 
END IF 	 0612.000 

ELSE 	 0613.000 
PRF = O. 	 0614.000 
NRUNERR = NRUNERR + 1 	 0615.000 

END IF 	 0816.000 
IF (IERO + ItI4F + 'ERR + IERS + lERC + IErt .14t. 0) IHL4 	 0E41/.000 

IF (TERI 	lEkU .NE. 0) THEN 	 0616.000 
1ER = 15 	 0R19.000 

ELSE 	 0320.VOU 
1Ek = 12 	 0621.000 

END IF 	 0622.000 
ELSE 	 0823.000 

IF (IERI + 1EtU .NE. U) IER = 14 	 0624.000 
END IF 	 0125.000 
RETURN 	 Uddb.OUO 

C 	FORPA1 STATENENTS: 	 08e7.000 

30 	PuRMAI(36x.'PRV: 	 0628.000 
35 	FURrAT(Imx,'IRANbwIT CODE LENGTH: 	',12) 	 0829.000 

ENO 	 0630.000 
Su6ROU1INE TARLF (INDEX. NoGRD, iPARAr4, ILRk) 	 U831.000 

C 	 0832.000 
C 	 0633.000 
C 	 * 	 * 	 0834.000 

C 	 * 	SUBROUTINE TA6LE 	 0635.000 
C 	 * 	 * 	 0836.000 
C 	 0837.000 
C 	 0836.000 
C* 	 0639.000 
C* 	SUMRIJUITNF TARLF PERFORMS A fAbLE 1.006-DR IN °Rut-14 TU DEFINE THE 0640.000 
C* 	VARJUua RAkArEIERS OF THE IPAR FILE HEADER SIATUS 60 1.0. 	 0041.000 
C* 	 0842.000 

LOGICAL ERROR 	 0643.000 
COMttuN / TuUNTI / NTAP, AISLO, NHUR, NUTA 	 V644.000 
CU1MON / DvSTAI / NGIATI. NSTAIN, NSIATH, NSIATD, NSTATC, NSTAII, 0645.000 

NSIATHO, NSTATUO, NSTAfhL, NSTATDC, NmUUNT, 	0640.000 
6 	 NOS+NT 	 0647.000 
OlmENGIoN ITAR(22).LIT(3) 	 0848.000 
DATA Ired/4,4 b0,411 SET,4H 20,4H CLR.4H 4.),4H 160,4H 	10,4H4000,0649.000 

1 	 4m RUN.411TEST,411 	14M2000r4H hAN,4111000,4H 500,01661 00,085U.OU0 
2 	 4HPANIF,4HL 	,4H 	14HDIbI,4HIAL r4HrAph/ 	 0851.000 
IF (N+.0R0 .LI. 1 .UR. NNUHu .G1. 3) 1HEN 	 0852.000 

ENkUk = .1RUE. 	 U673.U0O 
ELSE 	 0654.000 

ERRUk = .FALSE. 	 0855.000 
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C 	INITIALILE LITERAL ARRAY 	 0:10.000 
DO 1 = 1, 3 	 08/.0uu 

L11(1) = I1Ad(11) 	
ut,111= ENO Di) 

C 	UEF1NE THE SELErlEU PARAMETER FROM 1HE 1AHLE 	 080v.0u0 
OU J = 1, moawn 	 Obb1.000 

I01- F = INDEX*J-1 	 0(102.000 
08(0S.uVU IF %= 	IOFF .GI. ed) IHEN 
06b4.000 

ELSE 	 U6b5.UVO 
LITLJ) = 1TAH(IuFF) 	 U(188.000  

ENU IF 	 0607.000 
END DU 	 UW38.000 

END IF 	 0009.000 
IF (.NUT.(ERROR)) THEN 	 0870.000 

SELtC1 CASE IPARAm 	 0871.000 
CASE 1 	 0812.000 

t7 ‘3 .% °0 
wR1Tt INbLu. le, IuSTAT•= wsTA100 (L1111), I = 1, wiusiu) 

CASE 2 	 0) :71  
WRITE (NbLU, 15, IUSTAT = NSTATA7 ((JIM, I = 1, NNORU) 	Uts/5.000 

CASE 3 	 11876.000 
WRITE (NSLU, 20, IUSTAT = NSTATA) (LIT(I), I = If NwURU) 	0877.000 

CASE 4 	 0878.000 
WRITE (NSLU, 25, IUSTAT = wslAT6) (LIIlI). I = 1• NnuRU) 	00/9.000 

CASE uEFAUL1 	 0880.000 
ERROR = .TRUE. 	 0881.000 

END SELEC1 	 uabe.ouo 
ENO IF 	 0603.000 
IF (ERROR) THEN 	 u3(14.000 

IERR = 14 	 Odd5.000 
CALL UOTPOT (11) 	 Ude36.0u0 

END IF 	 0807.000 
RETURN 	 0800.000 

C 	FURMAT SIATENEIOS: 	 0389.000 
10 	FURNiAT(11X,'IPAR DISPLAY S ,i1TCti PoSillUw: 	',3A4) 	 0891).000 
15 	FuwmAT(t4x,'LPAQ coApuTER FLAG 5r.I1CH: 	',Au) 	 0d91.000 
20 	Fu 4AT(2GWIPAR RUl/TESI: 	',A4) 	 Uo9e.000 
25 	FUtimA1(23X.'bUo-t'uLSE LE•G14: 	1 ,A4) 	 0853.000 

ENO 	 0b94.000 
SuHRUIJIIAE UNPACK (Ih0R1, IASC11) 	 0895.000 

C 	 0890.000 
C 	 0897.000 
C 	 * 	 • 	 0898.000 
C 	 * 	wibRuultNE of PACK 	 0099.000 
C 	 * 	 * 	 0900.000 
C 	 0901.000 
C 	 U9u2.0u0 
C* 	 0903.000 
C* 	SUDRuuIINE IINpAcr. SRLIIS A SINGLE BYTE INFO IWU SEPARATE 4-61T 	0904.000 
C* 	DC() WOANITTILS. THESE QUANTITIES ARE THEN CUNVERTED TU ASCII 	0905.000 
C* 	Fule4A1 AND SToREU IA THE HYTE ARRAY, IASCII. 	 0400.000 
C* 	 0907.000 

INTEDEK*1 1HURI112), IASCII(b), MASK, LIMP, JTMP 	 0900.000 
DATA RAsK/x'uF'/ 	 0909.000 

C 	UNPACK EACH 1,F THE 41:1T HYTES 	 0910.000 
U0 I = t, 3 	 Ov11.000 

1140-  = 14 - I) * 2 	 091e.000 
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C 	LUAER BYTE 	 0913.000 
i 1 pp:IANDLIHOH1(I),mASK) 	 0914.000 
ENCUCE(I, 	 „INV) Irr•P 	 0915.000 
DECUOt(1, '(Al)', JImP) IAsCII(Iktt) 	 0916.000 

C 	UPPER OYIE 0917.000 
TIMP=ISHF1(1m0P1(1),-4) 	 091s.000 
ENCUDE(1, i lIll', JImP) 'TIP 	 0919.000 
DECJDE(I, 'LAW, JTme) IASCII(IREF-I) 	 0920.000 

END DO 	 09d1.000 
RETURN 	 0922.000 
ENO 	 09e3.000 
SudRUOITNE RtAIJER (IRF, ITHEC, It(?) 	 0924.000 

C 	 0925.000 
C 	 0926.000 
C 	 * 	 * 	 0927.000 
C 	 * 	SIAIROoTINE REAUEN 	 0920.000 
C 	 * 	 * 	 0929.000 
C 	 ** ****** ******* ***** ********** 	 0930.000 
C 	 0931.000 
C* 0952.000 
C* THIS SUBRoUTINE IS DESIGNED TO READ A HEA0t4 ON uATA RECORD PROM 0933.000 
C* 	THE 1PAR DATA TAPE. AN ERROR COuE, ltkC, IS RETURNED AS FULLIMS: 0934.000 
C* 	 1 = INCURRECT NU•dER OF HYIES FUR SPECIFIED ALCuqU lyPE0935.000 
C* 	 2 = Nu ERROR 	 0936.000 
C* 	 3 = E0-JF-FILE ENCUOHTbitu 	 0937.000 
C* 	 4 = PARITY ERROR uR LUSI DATA UN HEAD 	 0938.000 
C* 	THE RECORD FURmA) CODE IS AS FULL0h5: 	 0939.000 
C* 	 1 = FILE HEADIER RECUR° 	 0940.000 
C* 	 2 = DATA RECORD 	 0941.000 
C* 	 0942.000 

LOGICAL TAuFDF, HEADY 	 0945.000 
COMMON / DATA 	/ IHDR9(5). 1HUFU(e56) 	 0944.000 

CWWUN / IUlrw1T / NEAP, NSLO, NHUR, HUTA 	 0945.000 
CumMuN / THOATA / HOWES 	NRoNS 	, NkUNSEk 	NRUN 	 0946.000 

NkuNtqpi 	uTkELS 	NTIYEC5ER, NTREC 	 0947.000 

IITHECERR. NOHELS , NDHEL5ER, NOkEC 	 0940.000 
A 	 YOHECERR. NTAPEN 	NRUNo 	NRUNE 	 0949.000 

N3EGIN 	NEND 	NRUNIm 	NORAt 	 0950.000 
CummUN / OVSIAT / HSTAI(, NSTAlw, NSTATH, NsIATu, NSTATC, NSIATI, 0951.000 

ySIATHO, NSTATuO. NSTATOC, NSTATOC, Nx1UONT, 	0952.000 
6 	 N9bmNf 	 0953.000 

COMMON / TAPEF1 / NOM, NaH, NbU, KW), Non 	 0954.000 
CummuN / MISC 	/ crLMER, crImhA. PLsvir&L, PLspuRE.c. lAuEuFt 	0955.000 

6 	 HEAkAAluE. ALL, MIIMt(3), muA)El3), NHOLL. BELL 0956.000 
C*****FILE HEADER r(Fcrliip 	 0957.000 

IF (IRF .E6. 1 ) THEN 	 0950.000 
IOU 	CONTINUE 	 0959.000 

READY = .TRUE• 	 0900.000 
C*****READ THE PECURu 	 0961.000 

READ lNIAP, '(20A 4 ) 1 , IUSTAI=NSIAII) (1H)HulI1). II = I, NAM) 	0902.000 
CALL m:6AIT (uTAP) 	 0903.000 

• 	CALL STATUS (TAP. IERC. HATT) 	 09b4.000 
C*****EkR6k PRucESSIoa 	 0965.000 

StLECI CAF IEPC 	 0966.000  
C 	UNIT NUT RtA0Y 	 09o7.000 

CASE 1 	 0966.000 
RE/0Y = .FALSE. 	 0969.000 



C 	GUOD READ. CHECK FOR PROPEP BYTE LAWN , . 

CASE 2 
irwEUF = .FALSE. 	- 
1F (NPVT .NE. 1 .4,1H) THEN 

TERC = 1 
NRIINERk = NkuNERR + 1 
CALL uoIRUf (7) 

ELSE 
ITREC = 0 

E.Ni IF 
C 	dAU READ. FLA6 THE ERROR AND RETUkN. 

CASE 4 

INUEUF = .FALSE. 
NRUNERR = NR11400( + 1 
CALL OOTPIII (9) 

END SELECT 
IF 1.NDI.(RLAUY)1 Gu 11) 100 

C 	DATA RECUR') 
ELSE IF (IkF .E.O. 2) THEN 

200 	CONTINUE 
READY = .TRUE. 

C 	READ THE RECURU 
CALL tiNFFERIN (NTAP, 1, IdUFD, NNU) 

CALL KI:NAlT (.TAP) 
CALL STATUS (NIAR, IERC, NBYT) 

C 	ERROR PRucESSING 

SELECT CASE !Lin 
C 	UNIT NUT READY 

CASt 1 
HEADY = .FALSE. 

C 	GAUD BEAU. GHECK F9N PkuRER RYTE LOUNI. 
CASE 2 

IF (NAYT .NF. Niiu) THEN 
TtRi: = 1 
NTPECLQn = NTREcERR + 1 
CALL UHIPuT (7) 

ELSF 
I1REC = II4EC + 1 

ENO IF 
C 	1.1140 HEAD. FLAT; !HE ERROR ANu HEIOHN. 

CASt 4 
NTRELFHR = NTRECEkH + 1 

CALL OUTPOI (8) 
ENO SELECT 
IF I.NOT.(REAUT)) GU TO 200 

ELSE 
!Oa: = 16 
CALL uuTRUT (9) 

ENO 1F 
IF (1EHC .NE. 2) IER = ItRC 
HOORN 

• END 
FUI4C110% TuTIF (lhuRU, ISBIT, LEN, TERN) 

C 
C 
C • 

C 
	

PoNCTIUN /brIF 	*  

04/0.000 
09/1.000 
09/2.000 
0973.000 
09/4.000 
09/5.000 
u976.000 
0917.000 
0976.0uu 
09/9.000 
0900.000 
0461.000 
0962.000 
0983.000 
09d4.000 
0905.000 
0408.000 
0407.000 
0906.0t/0 
0969.000 
0990.000 
0991.000 
0992.000 
0993.000 
0994.000 
0995.000 
0996.000 
0997.000 
0996.000 
0999.000 
1000.000 
1001.000 
1002.000 
1003.000 
1004.000 
1005.000 
10)6.000 
1007.000 
1008.000 
1009.000 
1010.000 
1011.000 
1012.000 
1013.000 
1014.000 
1015.000 
1016.000 
1017.000 
1018.000 
1019.000 
1020.000 
1021.000 
1022.000 
1023.000 
1024.000 

1025.000 
10e6.000 

101 



C 
C 
C 
C 
C 
C 
C 

* 	 10e 7 .ovu 
1020.000 
1029.000 
1030.000 

FoNcITUN T8IIF FXTRACTS A FILLu OF 8116 Fitoy 	 STMOING 	1031.000 
FROM FIT PuSIT1ON ISoIT ANU ExTE,guING lu IHE LEFT FOR LEN 8115. 	1u3e.000 
THE RIGHImusT 671 IS 8II 0 ANI) THE LEI- Tr-Just 8TT Is 811 31. 	 1033.000 

1034.000 

LOGICAL ERkoN 	 1035.000 

ERROR COADITION CHECK 	 1036.000 

IF (ISUIE+LEN.LE.32 .AoU. LEN.OT.0 .ANC, 	 THEN 	 1037.000 

UNPACK THE SRECTFIE0 H1T FIELD 	 1038.000 

ERRUk = .FALSE. 	 1039.000 
I6IfF = IHFTlIeJJk0.32-(ISI41T+LEN).1 	 1040.000 
1UITF = ISHFT(IbITF.-32+LEN) 	 1041.000 

ELSE 	 1042.000 
ElqPUR = .TkuE. 	 1043.000 

ENU IF 	 1044.000 

IF (ERROR) THEN 	 1045.000 

JERK = 12 	 1046.000 

CALL uuIPuT (12) 	 104/.000 

ENU IF 	 1048.000 

RETURN 	 1049.000 

END 	 1050.000 

FUNCTION NRUNTEST (IRONB, 1RUNE, IRON, IchR) 	 1051.000 
1052.000 
1053.000 
1054.000 

FooCTION NERLIOTEsT  1055.000 
1056.000• 
1057.000 
1058.000 

LOGICAL TwUFUF, NETJRA ,liGE, ALL 	 1059.000 

COmmUN / / NIAP. NSLO, NHUR, NuTA 1000.000 
CUmmuN / oVSTAT / NSTATE, NS1Alw, NS141N, oSIA11), NSTAIC, NslATI, 1001.000 
6 NS1ATHU, NSTATuO, NSIAThL, NJTATUC, NmuUNT, 1062.000 
6 	 NDS•4N1 1083.000 

CUMMUN / MISC 	/ CT1MER, CT1mEA, RLSRIREC, I'LSPuREC, TNUEOF,  1064.000 

NENRANGE, ALL, •T1ME(3), Mu4TE(3), NNULL, BELL 1065.000 

C 
C 
C 
CA 
CA 
C• 
C• 
C• 

C 	 

C 	 

IF (.NUT.(ALL)) IHEA 
	

1,166.000 
IF (IRON .Lf. IRONH) IHEN 
	

10(07.000 
CALL SKFFRSEI (ItRR) 
	

1U(06.000 
IF (IERR .NE. u) THEN 
	

1009.000 
NNuNTESI = 3 
	

10,0.000 

ELSE 
	

1011.000 
NRUNTEST = 1 
	

1072.000 
ENU IF 
	

1073.000 
ELSE IF (IRON .(T. IRUNE) THEN 
	

1074.000 
CALL UuTP111 (32) 
	

1075.000 
BACKSPACE (NTAP, IDS1AT = NSTAT1) 
	

1076.000 
IF (NSTA1T .NE. 0) THEN 
	

1077.000 
CALL UlITPUT (16) 
	

1078.000 

CALL SKPFR SEE (lEkq) 
	

1079.000 
IF (IERN .1E. o) 1HEN 
	

1080.000 
NRUNIEsT = 2 
	

1081.000 

ELSE 
	

1082.000 
NRuNIFsT 
	

1063.000 
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ENO IF 	 1064.060 

ELSE 100 .000 

NEINRANGE = .TRUE.  1060.000 

NRUNTES 1  = 2 	 1067.000 

tNU IF 	 10d6.000 
1009.000 

IF (IRuN .tn. IRUNE) Nt'ARANDE = .1 U1.. 1090.000 
NRuNIEST = 

END IF 	

1091.000 
1092.000 

ELSE 	 1093.0Uu 

NRo4TE51 = 4 
1  ENd IF 	 1%g43.(l= 

RETURN 	 I096.000 

ENO 	 1097.000 

Sd6ROVINE DATACIIEK (ITREC, 101 EL, I1IME, IRUN, PRF, 	 1046.000 

ldRANCR, IERK) 	 1099.000  
C 	 1100.000 
C 	 1101.000 
C 	 * 	 * 	 1102.000 

C 	 * 	SouROUIIAE OATACREA 	 1103.000 
C 	 * 	 ;1, 	 1104.000 
C 	 1107.000 
C 	 1106.000 

LOGICAL fiqUrUF, NE, ANNE, ALL 	 1101.000 

COmMUN 	TRoA7A 	NTAPES 	API/NS 	ORUNSER , ARUN 	 1106.000 

NRuNERN 	NINECS 	NIREL3ER, NTREC 
6 	 NTRECERR, NDRECS • NURECSER, AOREC 	 1110.000 

AjRECERR, ATAPEN , NkliNli 	NRUNE 

6 	 13EG1y , NEN') 	NHUNIA 	NOWA 	 1112.Uuu 

CuMMUN / MISC 	/ ClImER, 	 PL:3FIREL, PLbRumEC. laUtUF. 	1113.000 

6 	 NEARAN6E, ALL, •IINE(31, mUATE(3), NULL, DELL 1114.000 

IF (LEHR .E0. 2) THEN 	 1115.000 

14 (ilktc .6E. IT1mE) THEN 
CALL otimP utnri (IURtc. IRLt. 	ILK()) 	 11 1 	( 17:0il 
IHRANch = N4RAACH (IERA) 	 1118.000  

ELSE 	 1119.000 

I6RANCm = 0 	 11e0.000 

END IF 	 1121.000 

ELSE IF (IERR .E'. 31 THEN 	 1122.000  
IUREC = IUREC - 1 	 11e3.000 

IF (IUREC .E0. v) triEN 
CALL nOTHO (2e) 	

1124.000 
1127.000 

ELSE 	 1120.000 
CALL OUPWHEDR (1UREC, IRuN, PRF, IER01 	 1127.000 

ENO IF 	 112o.000 

IdRANCH = mdRANCH (IE104) 	 11e9.000 

ELSE 	 1130.000 

IUREC = IUREC - 1 	 1131.000 
IF (f IUREC - NREGIN + 1) .EU. 0) 1mEN 	 113d.000 

CALL OUTPOI (23) 	 1133.000 

ELSE 	 1134.000 

CALL nUmPHhoR (IUREC, IRUN, PRF, IER0) 	 1135.000 

ENO IF 	 1136.000 

IbRANCH = NU4ANCH (IERR) 	 1131.000 

Low IF 	 1136.000 

CALL DISAcHEA (TRIM, IUREC + 1, e, IEKR) 	 1139.000 

IF (IERk .t0. e3) 1HEN 	 1140.000 
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1141.000 
114d*UUU 
1143.000 
1144.000 

1145*UUU 

1146.000 
1147.000 
1140.000 

1149.000 
1150.000 

1151.000 

1152.000 

1155.000 
1154.000 
1155.000 
1150.000 
1157.000 
1150.000 
1159.000 
1100.000 
1101.000 

1162.000 
1103.000 

1104.000 
1105.000 
1166.000 

1107.000 
1106.000 
1109.000 
1170.000 
1171.000 
1172.000 
1173.000 
1174.000 

11/5.000 

11/b*UOU 
1177.000 

1178.000 
11/9.000 
1100.000 

1101.000 

1102.000 
1183.000 
116 41*UU0 

1105.000 
1106.000 
1107.000 
1100.000 
1169.000 

1190.000 

1191.00) 
1192„ouo 
1193.000 

IF (I6i-/A4Cm .tn. 4) CALL DumPHEuk lloHtC, !RUN, PRr, 1ERD1 

IbRANCH = 0 

ELSE 
luREC = IUREC + 1 

If (It00 .EN, 7) 
IF (TERI:,  .t(J. 0) THEN 

1ERR = g 
LLSE 

IFHR = lEqD 

END 1F 
END IF 

ENO IF 
RETURN 
LNU 

dLuCK DATA INI1TAL 

* 

bLDC6 DATA INITIAL 

NEANGE, ALL 

/ IHOR 4 (3), I6DFU(250) 
/ NTAP, NSLO, NHUR. iJUTA 
/ NTAPES r IVRUMS 	NRUNSEK 	NRUN 

NRuNERR 	NTRECS 	NIRt0•tH, NTREC 

NTRECEHR, NORELS , NoRtLScR, NDREC 

NuRECEHR. NTAPLN 	NrILINO 	NRuNt 

NstGIN 	NEM) 	. NRuNlm 	NCIRgE 
/ NsIATT, WSTATo. NSTATH, NSIATD, NSFATC, NSIAII, 

NSIATHo, NSTATUo, NsIATHL, NSIATDC, NmuUNF. 

NDSANT 
Ndri, WvIH, NF), NM), N0Y1 
CIIAtR, CT1iEA, PLSHIRLL, PLSPDREC, IiNUEuF, 

NEnANGE, ALL, MIlMt(3), m0A1(3). HROLL. DELL 

1401H(140U, 2) 

101AS(100) 
N SLI-itDR, NSZDAIA. NbPSCIk, NEWHREC, NEWUkEC, 

NiPPLSt, RHSPACE, NNiMHEUh, ROSPACt, NRm0A1A, 

NRmPLSE 

DATA ImDku, nuFu / 3*0, 256*0 / 

DATA DATA NIAP, NSLU, NhJk, NUTA / 1, 6, 2, 3 / 

NTAPES , mhuNS 	, NRuNSER , NRUN 	NRUNEHR 	N1 KEGS 

NIREcSER, vIREC 	NTRECERR, NURtCS 	NORECSER, NUREC 6 
NURtcERR, NIAPEN 	Nk11 , 46 	, NRuNt 	N0E 0 IN 	NE4U 6 
NituNTm 	, NO4vE 	/ 16+0, 1, 0, -1. U / 6 
TIST$477, NSTATv4, NSTATH, NSTATO, NS1AIC, NSTATI, NSIATHO, DATA 
NSTATDO, NSTATRC, NSTATDC, NMUUNIF NUSMNT / I2*u / 6 
NHHr N4H, Ntg, i4010, NbYT / 12, 3, 10e4, 256, 0 / DATA 
CTImER. CTI•EA, PLSPTREC, PLSPUHtC, 1owt0F, NEWHANUE. DATA 
ALL 	i•TImt 	mf1ATE, NROLL, titLL / 2+0.Q, 12 ,3.0, 0.0, 

ti 
DATA 
DAIA 

6 

CummuN 
COmmuN 

6 
COMmUN 

COMMuN 

CummUN 

COmmum 
COMMON 
CUMMUN 

8 

LOGICAL INOEuF, 
ComMON / DATA 

/ TOuNII 

/ THOATA 

/ DVSTAI 

/ TAPtF1 / 

/ mISC 	/ 

/ DIRLCI / 
/ RNIi1Ab / 
/ DISK 	/ 

3*.FALSE., 7*0, X'07000000'/119 4 .000 

((ND/R(1, J), I = 1, 1400), J = 1, 2) / 1400*0, 1400*U / 	1195.000 

I01As / g, 0, 100, 100. 200, 3UO, :YU°, boo, 	1,000, IOU, 	114b*O00 

HUO, but', -1000, 00U, 9UU, 90U, 900, 1000. 1000, 	1197.000 



6 	 100 0 , 1100, 1100, 150u, //*-1000 / 	 1190.000 

UATA NsimEUk, NSLUATA, NOPsCIW, NyehRtC, NobuRtC, NEIPPLSt, 	 1199.000 

I'. 	WiSFACE, NRMHEOR, RUSFACE, .IIRMDAIA, wH4VLSE 	 1200.000 

6 	/ 50, 50000• 766, 2u, 7b6r %, 54.r., 1420, 50000., b0000, 	12u1.000 

6 	 1001,000 / 	 1202.000 

Eon) 	 1203.000 

SuukUUI1NE HURF/A lIkuN, IF ,11/k/ 	 1204.000 

C 	 1205.000 

C 	 1206.000 

C 	 * 	 * 	 120/.000 

C 	 * 	5(I6PUuTINE UURFIX 	* 	 1206.000 

C 	 * 	 * 	 1209.000 

C 	 1210.000 

C 	 1211.000 

UlMENSION JRUNLS). JEIX(5) 	 112.000 

DATA jNoN / 4, 0, 7u, 677, 1112 / 	 1213.000 

DATA JF1x / )02n 0 00000'. X'01000000', x'00000J00', 	 1214.000 

6 	 ;1'120(1 0000', x'2000(,000' / 	 1215.000 

DATA MASK / xfuOFFFFFF' / 	 1216.000 

U0 1 = 1, b 	 1217.000 

IF (IrMN .ELI. JHUN(I)) 1FMDR = 10k liANU lmAsK,IFMDFO, JF1X(I)1121 8 .000 

.NU Up 	 1219.000 

RETURN 	 1220.000 

LAU 	 1221.000 

SU6RuO1INE O1TPu1 (ICUUE) 	 1222.000 

C 	 1223.000 

C 	 1224.000 

C 	 * 	 1ee5.000 

C 	 SilbRuuTil.E OUTPU1 	* 	 1226.000 

C 	 * 	 1227.000 

C 	 1226.000 

C 	 1229.000 

LOGICAL IwOFUF, NErotaJuE. ALL 	 1230.000 

Cu•mUN / DATA 	/ 1kuk4(3). 18OFu(236) 	 1231.000 
COMMON / lutb4IT / NTAp, NSLO, NkuR, NulA 	 123e.000 

CUmMUN / TkOATA / N14PtS , 'OWNS 	, NKUNSFN , NRuN 	 1233.000 

6 	 NRUNERR , NTHELS , NIKLCILR, NTREC 	, 	 1234.000 

6 	 w1RECER14 , NDkECS , NuktCstk. NDRLC 	, 	 1235.000 

6 	 NURECERR, NTAPN , NkuND 	, NRuNE 	, 	 1236.000 

& 1.7tt,IN 	, 14141, 	, NKUN1M 	, NoNwE 	 1237.000 
CUMMUN / DVSIAI / NbrAIT, kSIAT.qo WilAllio 1471ATU, NSTAIC, NSIATI, 12316.000 

& wbfKIHu, NS1AT00, NsTA11.L, NSTATDC, NmuUNi, 	1239.000 

6 	 NUskAT 	 1240.000 

COMMON / TAPtFI / NiM, 4r, k, NRu, NolU, NhYT 	 1241.000 

CUmmuN / MISC 	/ CTIAER, CTIALA, FLQVIREL, PLSPUREC, TaUEOF. 	1242.000 

6 	 NEwwAyt.E. ALL, MTIMt(3), A0AIE(3), NROLL, bELL 1243.000 
CUMMUN / DIRtrT / NOIR (1400,2/ 	 1244.000 

CUMMuN / 9NRINS / i31aS(100) 	 1245.000 • 

COMMON / DISK 	/ 1,5Zmt.JR, NSZDAIA, N6P4t;lk, NbFRREC. lideuREL, 	1246.000 

6 	 w3PPLSE, RmSFAL.E, NRmmtUR, RUSeACE, Niqm0A1A, 	124/.000 

& WimpL5L 	 124b.000 

UImE.csior. mniam(12) 	 1249.000 

061A mUNTH / ' JAN', ' Ft1-0, ' •AR', ' APO, ' 61Ay', ' JUN', 	1250.000 

6 	 ' JUL', ' AUG', ' StP', 1  uCI', ' NW, ' ULC' / 	1251.0v0 

DATA do< / X'20000000' / 	 1252.000 

SELECT CASL lcUflt 	 1253.000 

CASE 1 	 1254.000 
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CALL 	TIME 	(,TIME) 
CALL DATE 	(muATF) 

	

wwITE 	(NSLO, 	10, 	IUSTAI 	= 	wS1A1w) 	mDAIL(3), 	moNTH(moATE(e)), 
Ji 	 moAfE(1). 	NT1ME 
CASE 	2 

	

WRITE 	(NSLO, 	20, 	IUSTAI 	= 	NSIAlw) 	bLK 
CASE 	3 

wHIlE 	(NsLo, 	3u, 	IUSIAT 	= 	wSlATal 	bLP 

CASE 	4 
wHITE 	(NSLD, 	40, 	IUSIAT 	= Ns7A7w) 	tiL6, 	NI/WEN, 	NRUei, 	wkowEllq. 

6 	 NTREC, 	NTRECtftw, 	NUREc, 	wOwtCERW 

1255.000 
lebb.u00 
125/.0uu 

le59.u6o 
leou.ouu 
leb1.0up 
1262.000 
1203.000 
le04.000 
leo.uuu 

CASE 	5 iebb.ouo 

wKITE 	(NSLO, 	5U, 	IUSIAT. 	= NSTATr) 	wIAPEN 1267.000 
CASE 	6 l208.000 

IF 	(ALL) 	THEN leb9.(lou 

ARiTE 	(NSLO, 	b5, 	IOSTAT = 	NSTA116) 	bLK, 	NTAPEN 1270.000 

ELSE 1271.000 

WRITE 	(NSLU, 	60, 	iOSTAT = NSTAIwl 	BLK, 	NRuN4, 	NNUive. 1272.000 

END 	IF 1273.000 

CASE 	7  1279.000 

wRITE 	 70, 	IOSTAI 	= NSIAIC) 	BELL, 	NdTF 1275.000 

wRITE 	OSLO, 	70, 	IUSTAI 	= NsTATA) 	BL6 	NBTT 1276.000 

CASE 	o 127/.000 

WRITE 	( . 11T/, 	80, 	IUSTAI 	= NSTAIC) 	dtLL 1276.000 

ARTIE 	(NSLO, 	8u, 	IUSTAI 	= NS1A1A) 	bLK 1279.000 

CASE 	9 12d0.000 

wHITE 	COT', 	90, 	IUSIAT 	= 
wwI1E 	(NSLO, 	9u, 	IOSTAT 	= 

NS(ATC) 	'JELL 
NS1AIA) 	bLK 

1261.000 
1202.0u0 

CASE 	lu led3.0u0 

wRITE 	('of', 	140, 	IUSTAI 	= NSIAIC) 	DELL, 	NTAPtA, 	1'16144, 1264.000 
161ASOTAPtN) 1265.0u0 

waRIIE 	OSLO. 	100, 	IUSTAT 	= NSIA14) 	bLK 	NTAPEN, 	IHU144, lebb.ouo 

6 
CASE 	11 

lelAb(iTAPEN) 1287.000 
ledis.uuo 

wRI1E 	110, 	IUSTAI 	= wSIA1C) 	BELL 12o9.000 

oWITE 	(NSLD, 	llu, 	IUSTAI 	= NsiAT:1) 	oLh 1290.000 

CASE 	le le91.0vu 

wRIIE 	COT', 	12v, 	IUSIAT 	= wS1A1C) 	BELL 1292.000 
wRITE 	(NSLO. 	1pu, 	IUSIAT 	= wslAIN) 	0Ew 19.5.01)0 

CASE 	13 1294.000 

NRIIE 	C 111 ' , 	130, 	IUSTAI 	= NSIA1C) 	BELL, 	1HUR4 1295.000 

wwITE 	(wSLO. 	130, 	IUSIAT 	= NSTA1h) 	6LK 	1HUR4 1296.000 

CASE 	14 1297.000 

"ITE 	 lno, 	IUSIAT 	= fistATC) 	BILL, 	NTAPEN 1298.000 

NRIIE 	(NSLO, 	14u, 	IUSIAT NS1AIN) 	oLK 	ITAPtN 1299.000 

CASE 	15 1300.000 

wwIlE 	 150, 	IUSIAT 	= NSTA1C) 	BELL, 	NTAPEN 1301.000 
wRITE 	(NSLO, 	150, 	1USTAT 	= wS1ATA) 	bLK 	NTAPEN 1302.000 

CASE 	16 1303.000 

WHITE 	160, 	1USTAT 	= NSIATC) 	BELL, 	NTAPEN, 	NHUNIM 1304.000 
Ni ITE 	(NSLO. 	160, 	IUSIA1 	= NSTA16) 	bLK 	NIAPLN, 	NNUN1M 1305.000 

CASE 	17 1306.000 

WRITE 	('OT'. 	179. 	IUSTAI 	= NSIATC) 	BELL 130/.000 

wRI1E 	(NSLO, 	17U. 	TuSIAI 	= wsIA1A) 	bLK 1306.000 

CASE 	18 1304.000 

AR1TE 	('UT', 	18U. 	IUSTAI 	= 
(NSLO, 	18U, 	IUSIA1 	= 

wsIAIC) 	BELL, 	NOIA, 	NRWOM, 
,61A1N) 	bLK 	NuTA, 	NRuNlm, 

NuwwE 
NuHwe. 

131(1.000 
1311.000 
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CASE 	1 9  
INNTFE 
WRITE 

CASE 2U 
wkIIE 

6 
wKITE 

6 
CASE 21 

wRtre 
'ARTIE 

CASE ASE 22 

wwtiE 
poutE 

CASE ASE 23 
mitTE 
wRITE 

CASE ASE 24 
wNtTE 
WRITE 

ASE 25 CASE 
ARITE 

CASE ASE 26 

/RITE 
wHIIE 

CASE 27 
wkIfE 
AN1TE 

CASE 28 
AKIIE 

CUT', 	igU, 
(NSLO, 	Igo, 

200, 

(NSLO, 	eoo, 

('OT', 	210. 
OSLO, 	210, 

('ut', 	220, 
(.SLO, 	220, 

('oll, 	230, 
chstm, 	430, 

('(rr , , 	240, 
(NSLO, 	240, 

(NSLO, 	est), 

('ur', 	eh°, 
(NSLO, 	e(,6, 

(' , 11 , , 	270, 
(+S1.9, 	270, 

(".SLO, 	280, 

IosrAr 
TUS1AF 

LOSTAI 

tOsIki 

IUSTAT 
IUSTAT 

IUSTAT 
IOSTA1 

IOSFAI 
(USTAT 

IOSIAT 
tusrAr 

1USTAI 

IUSTAT 
tusrAT 

IUSTAT 
)USIA1 

IUSTAT 

= 	wslAtct 
= 	I.SIAIA) 

= 	USIAIC1 
NocGla, 

= 	NS1A1A1 
N6EG1N, 

= 	0, SIAIC) 
= 	NSIAIN) 

= WS1ATC) 
= 	NSIA1A) 

= 	NSIA1C) 
= NS1ATo) 

= 	NSTA1C) 
= 	NsrATh) 

= NSTATW) 

= 	NS1ATC) 
= 	Ns1AT,4) 

= 	NSIATC) 
= 	14S1A141 

= 	NSIATw) 

ott.L, 	NRuN1,4 
dLK 	N4U04 

Ot-1-1.,NKUrN, 
Nt.NU 	NEwp 
OLK, 	Nm0111M, 
NENO 	, 	 NENO 

°ELL, 	NRUNIM 
PILA 	Nku4IA 

bELL, 	NRUwlm 
bLK 	NRUsilM 

BELL, 	NRUNIA 
8LK 	NRUNIM 

0ELL, 	NTAPtN 
bLK 	NTAPEN 

8LK 	LT1 ,4E.R, 

bELL. 	NIAPtoi 
oLK 	mrApti 

BELL, 	NTARtW 
111.K 	N1APC.14 

bLK, 	NSTMI1, 

IS1e.000 
1313.000  
1314.000 
1315.000 

ClIhth, 	CIIMEA,13113.000 

- 	NnE616 + 	1 	1317.000 

CTIMbk, 	CIIMEA,1318.000 

- NbE6Ih 1 1314.000 

1320.000 
1321.000 
1322.000  
ise3.uou  
1324.000  
1345.000  
1316.000  
132/.000  
1328.000  

1329.000 
1330.000  
1331.000  
133/.0U0 

NKUNItA 	1333.000  
1134.000  
1335.000 
1330.000 
1337.000 
1338.000  
1339.000 
1340.000 

NSTATC, 	NS1ATA,1341.000 
6 	 NSIAIT, 	NSIA1mu, 	NSTATo, 	NblAlmL, 	NS1AIDU, 	NsIATU, 
6 	 NSTAloC 

CALL 	limE 	(oTI•E) 

1342.000 
1343.000 

1-5d5141= w kilE 	(NSLO, 	883, 10S1A1 = ASIATA) 	bLK, 	AI1ME 134  
CASE 29 1346.000 

wRITE e9u, IUSFAI = NSIA1C) 	bELL 1347.000 

(NSLO, 	29u, IUSIAF = NsIA10) 	bLK 1348.000 

CASE 	30 1349.000 

WRITE (NsLn, 	300, 1OSIAI = WS1A1w) 	NIAPES, 	N4UNS, 	NNUNSER. 1350.000 
a NTRECs, 	NINECSER, NOkECS, 	NUKECSER 1351.000 

DU 1 	= 1, 	140u 1352.000  

IF (I4(l1k(I. 	1) .NE. 	u) (NSLO. 	304. 	(USTAT 	= NSIAlw) 1,1353.000 
Nulk(1, 	1 ), 	NdIK(1. 2) 1354.000 

ENO Du 1353.000 

wrgTF (NSLO, 	308, IUSIAI = NSIATA) 	bLK 	NSZHEUR, NSLOATA, 1356.000 
6 K6SeACE, 	4USPACE, NIOAHLDH, 1357.000 
6 NiiMuATA 1358.000 

CASE 31 1359.000 
vINIFF 
wiRIFE 

('UI , . 	310, 
(NSLO, 	310, 

IOS1A1 
I05TA1 

= 
= 

NS1ATC) 	bELL 
NS1AIw) 	6LK 

1360.000 

13o1.000 
• CASE 	32 1362.000 

ARITE 

.041TE 

('MI', 	320, 

(NSLO. 	330, 
CASE 33 

 IUSTAT 

1USTAT 

= 

= 
L ASE 	3 4  

NS1A1C) 	bELL, 	NRUNIm 

NSIAfto) 	bLK 	NTAPEN 

1363.000 

13b5.000  
1386.000 

wrtITE (NSLn. 	340, 1OSIAI = NSIAT1) 	bLK 	NkuAIM 136/.000 

CASE 33 1368.000 
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WRITE ('OI', 350, IUSTAT 	= 
WNIIE (NSLO. 350, IOSTA1 	= 

CASE ASE 	3b 
WRITE ('OT', 360, IUSIAI 	= 
WRITE (NSLO. 360, IOSIAT 	= 

CASE ASE 	37 
KRITE Col', 370, IUSTAT 	= 
wRIIE (NSLO. 370, IUSTAT 	= 

CASE 	38 
WRITE 3 80. IUSTAT 	= 
WHITE (NSLO, 380, lOsTAT 	= 

CASE OLFANLT 
WRITE 	(NSLO, 999, WITAT = 

NSTATC) otLL, NRUNIM 	 1369.000 
NSIAlx) ULK 	NRUOT•  1370.001, 

1371.000 
NSIATC) DELL. N4L141m 	 1372.000 
NSIATN) ILK 	e..tuNfm 1373.000 

1  NSWL) otLL. P.NUONT 	 1= 
NV:tin) oLK 	NmuUNT 	 13/6.000 

137/.000 
NSIATC) btLL. N/sAkT 	 1370.000 
NSIAlw) OLK 	NOSmNT 	 1379.000 

1380.000 
NSTATw) LLK  1381.000 

ENO SELECT 13020100 
IF (NSTATw .NF. 0 .AND. NSTAIC .t0. 0) 

RITE ('UT', 998, IUSTAT = NSTATC) BELL IL 
C 	FORMAT SIATP 

... 	
FNTS: 	

/TI.U00 U0 
M 	

(1 
1305.000 

10 FORmAT(1k1. 1 1PAR MAGNETIC TAPE TU (ASK 'DATA IRA.4sFEk PRU6RW/// 1386.000 
A 	1X,'RJN oATE'.6A,': 	',I2,A4,15//1X,'RuN s1A41 111E: 	', 
& I2. : ,12. 	02) 	

1387.000 
1388.000 

20 	FORMAT1/A1.' 	 ERROR: FATAL REA° LrN0i (NU ENCUUNTEREU UN ',  1389.000 
A 	'CONSuLE') 	 1390.000 

30 	FORMAT(/A1,' 	 L4HON: 	FATAL wRIlt EkHuR ENCOudIEREU UN 1 . 	1391.000 
& 'CONSULt') 	 1392.000 

40 	FORmAT(/A1,86(1O*)///1A,'SU4AAky INFUROATIu4 FUR IPAR UATA ', 	1393.000 
IS 	'TAPE NUOIFk:',I3//50A,'ACCEPIEU',SX,'HUECTEU 1 /1X.70(1W-)/1X. 1394.000 
6 	1 1.1018E4 OF uStR SELECTED NUNS ON 015)0,1°A,': 	',I8.5X,18/1x, 	1395.000 
IS 	'NUM4ER OF IAPE DATA RELORus NEAU AND eROLESSED: 	1 .I8,5X. 	1396.000 
& )8/1X,IN11mILP OF wRITE ATIE;4PIS TU UISk FILE <OATA> 	; 	I I 	1397.000 
• I8, 5 x08////11,06(1h*)) 	 1398.000 

50 	FORmAT(1F11, 1 1PAR DATA TAPE NUIl6EH:',I3) 	 1399.000 
60 	FURmAT(/41,86(1H*)///11X,'UScR RtOUESIEu PkOCESSING OF Hu.46',I5, 	1400.000 

Ii 	' 	 1401.000 
65 	FurtmATuAirno(im*)///lix, , usLR 4LnuEsitu PR(LEsING or ALL kuris 	1402.000 

& 'UN IPAk TAPE NUitiEH',I3.'.') 	 1403.000 
70 	FuRAA1(/A1.' 	 ERR)R: 	uoEXPECTEu by It COU41 UN 1NPuf FUR', 	1404.000 

& ' THE SELECTFU RELJmU TYPE'/1A,' 	 1 ,9X.'ENCouNTLREU IN ', 	1405.000 
A 	'SnoRUulINE kLANER.',6X, l oYIES IkANsFtHkEu:',15/1A,' 	 1 ,9X. 1406.000 
IL 	'RFAAINUER UF RUN FILE SKIPPFU.') 	 1407.000 

80 	FORMAT(/Al.' 	 ERHOR: 	tiAo DATA uk PARITY FRRUR ENCUuNIERED ', 1408.000 
• 'Uhl INPUT TN SUd1UUTINE 1 /1X.' 	 . .9Ap u ttAUEn. 	REAA1NDER UF',1409.000 
IS 	' PUN FILE SKIRFEu.') 	 1410.000 

90 	FUR ,.AT(/A1. 1 	 ERROR: 	INVALID RECURU TYpt SPECIFIER IN 1 , 	1411.000 
A 	'SOOPU0TINE REA0E11. 1 /1X,' 	 '.9X, 1 ktuUEST FUR UAIA INPui ', 	1412.000 
A 	'0ENIED. RE1ATNDEk OF RUN FILE SK1PPtu.') 	 1413.000 

100 	FORMAT(/Ai,' 	 ERROR: 	OAU RUN HEALPER kECuRU DATA, INCORRECT ',1414.000 
A 	'BIAS FUR TAPE',I3,','/1X.' 	 ',9x,'Uk 1/0 ERROR IN I F 	 1415.000 
A 	'INTERNAL FILE <RIICHAk>. 1 /1X,' 	 1 ,9X,'nEADtk RECuku:', 	1416.000 
& 3(2A,L8),' (11EX)'/1X.' 	 '. 9 X,'RuN 	 ', 	 1417.000 
A 	'RFMAINUFR UF RUN FILE SKIPPED.') 	 1418.000 

110 	FUR9ATI/A1,' 	 EMOR: 	INVALID ARGumtNT() PASSED 10 	 1419.000 
'SUIROulJNE TABLE.'/Ix,' 	 1 ,9A,'REuutS1 FON NUN 	 1420.000 

• 'HARAmEiFR INrokmATION DENIED.'/lx;' 	 . .9)0 1 RENAINUEH UF up 1421.000 
• 'NUN FILE SKIPPED.') 

120 	Fm1mAi(/A1,1  
	 1422.000 
ERROR: 	INVALIU AR6uNtNI1a) FASSLO Tu rUNCIIuN',14e3.two 

A 	u t9WRE4OtS1 FUR b1T FIELU EXIKACIIUN 	14e4.00u 
A   1 ,9XpiRE•IA1NUER OF RUN FILL SKIFPtu.') 	1425.000 
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130 	FORMAT(/A1,' 	 ERNOH: 	uNUFFINFU PN1-  CuUE ofiTAINtd Fou.: RUN I, 14eb.OUU 

6 	/1X,' 	 ',4x,'HEADEN kECOND C.3(eAgib1o' (HEA) ).*/lx, 	14e7.UUU 

6 	' 	 '. 4 x,'Pm tAIN 	 u DER OF NN FILE SKIPPED.') 	 1'12'4.000  

I40 	FukmAII/Al.' 	 ERROR: sKIPFILE ENHUm LNCuuNIEREU ON IAPE '. 	1424.UuU 

6 	'DRIVE wH1LE PRUCtSSING 1 /1x•' 	 °,HX,'TAPE NommEH',13,'. 	', 14SU.000 

6 	'INOEirho.14ATL TAPE e0s1111).1. t /1x 	 1 	 '.9X,'REMA1NuEN oh ', 	1431.000 

6 	'1APF FILE SKIPPED. uTsmuUNI TAPC.') 	 1432.000 

150 	FuNHATI/Al.' 	 ERKOH: NEmIlol E RNON tivLudNTLiED 04 IAPE uHIVE',I 41= 
A 	i  .4mILE PROCEsSING '/IX,' 	 I.9x,'ImhE Numor_..0,I3, 1 . 	1, 	

14 

a 	'NE:',IND 	PIE TAPE USING 1HE IAPE'/lx,' 	 ' , 9k.'OR 1 vE FRONT', 	1435.0U0 

6 	' PANEL CONTPuL5.1) 	 1436.000 

160 	FuNmATI/A1. 1 	 ERHuR: BALaSPAct t$RuN EALOONTEREU ON TAPE ', 	1431.300 

6 	iwilvt mH1LE PROCESSING'/1X , ' 	 ',9X,'TApE Numi3EN',13, 	 143o.000 

6 	', HUN 	P iviimBE',I5,.. 	INDETERMINAIE lArE POSIT/UN.'/1X. 	 1439.000  

6 	' 	 1 , 0 x,'IsEmAINuER OF IAPE SKIPPEL. MOUNT A NE" IAPE IF ', lin= 
& s UESIHFD.') 

17U 	FORMAT(/A1,' 	 E4KON: PROCESSING ItRmiNAIE0 14 SUHkOuTINE ', 	144e.JUO 

6 	'SHUFFLE Oot in ERROR I(v'/IX,' 	 ',9x,'tUNCITUN 1611F. 	', 	1443.000 

& 'PROBABLE OvER-w4ITE CONDITION.'/1X , ' 	1 ,9WREmAINUER UV', 1444.000 

6 	' RUN FILE SKIPPED.') 	 1445.000 

180 	FuRMIT(/A1,' 	 ERWIN: ERROR ENCUUNTEREu 14 suBNUOINE ', 	1446.000 

6 	'I(ANSFLR OuRING NNITE ATTEmPr'/IX,' 	 ', 9 X.'70 DISK FILE ', 1447.000 

& '<DATA>. UNIT mu4sFol',I3,'. 	1HE ENRON OCCURRED WHILE'/1X, 	1446.000 

6 	' 	 1 .4X,'PN10ESSING N(Imi NUmBEN 1 ,15, 1 , DISK HECow0 NumaLR', 	144q.000 

6 	16,'.') 	 1450.000 

190 	FORMAT(/A1,' 	 ERNOW: 	ILLEGAL 0A1A NEEURU NoMBLR PASSED TO ', 14s1.000 

6 	'SUBRuuTINF nuk, PgATA uHILE'/IA,' 	 ',Yx,'P,UCESSIIVG RuN 1 , 	1452.000 

8 	'4UHRER',15. 1 . PNOBABLE UVEN-NRITE CONUI 11U4. 1 /1x,' 	 ', 	1453.000 

II 	9X,'REmAINDER OF NUN FILE SmThPEO.') 	 1464.U00 

200 	FuNmAT(//A1,10A, 1 o1Sm DATA LUAU FOR kta' Numrstre,Iy,' 15 CumPLETL.'145).00U 

6 	//11x,s4muuNT OF uAlA Rt1JuESTED:',ho.4, 1  sECONDS 1 /11x,'AMUUNT',1 4 56.000 

6 	' OF uplA PNoLESSEO:',Fo.4,' SECU4Osi/11x,'FimsT i)I 	'F , 	1451.000 

6 	'PECOHO NumbEm:',16/11X,'LIS7 DISM NECuliu Num3ER:',16/11X, 	1458.000 

6 	'TOTAL NUMBER OF U1S< WECuRUS wWITIEN FUR 11-1I5 NUN:',I5/ 	 1459.000 

elu 	FUHMATI/A1, 1 	 EqHON: UNABLE TO hhilt nEAOtrt kECOND M(i) ', 	1460.000 

6 	1 01REL1U f4 Y IN,OHmA(IuN TU DISm'/Ix,' ***** ',4x,'FILE 4HEADER> , , 1461.000 

6 	' FUR RUB' Num6FN',I5,'. 	IHL DAIA rut( 1m15 NuNe/Ix,' 	 ',MX, 14be.000 

6 	'WILL PE UFLE 1 FD SINCE NO IDENTIFIER CAE DE SIOKEU„'1 	 1463.000 

220 	FuNmAT(/A1,' 	 wAHNING: NO DATA NECoHus r.ERE FUONU IN 1HE ', 	 1464.000 

6 	ilArE FILE FON ku00/1x,' 	 ',11X,'NumBEN',15,.. 	NU DATA ', 	1465.000 

6 	'WAS ('tRITTFN To •)1Sa.') 	 1466.000 

230 	FORMAT(/AT,' 	 ERNON: NO VALID DAIA PKUM RUB' NUM3EH',IS, 	1467.000 

6 	' IS AvA7LAmLE 10 SFUHE1/1X.' 	 . F4X, 1 0 1 ■( uIPc. 	Nu HEADER', 	1466.000 

6 	' RECORD UR OIRECTUNY INFORmAITON iuk 1,10 1 /1X 1 	 ',9X, 	1469.000 

6 	'RUN WILL RE STORED ON DISK.') 	 1470.000  

240 	FuHmA1(/A1. 1 	 ERHOR: A FATAL TAPE ERNug HAS OCCURNE0 ON ', 	1471.000 

6 	liArE NUmuEH I 	 13, 1 . 1 /1X,' 	 1 . 9X,'CUNII 1. UE PROCESSING ON ', 	1472.000 

6 	'A NE.% TAPE Th uEbIHED. 1 ) 	 1473.000 

250 	FuRkIATL/10x,A1. 11 HE uSE4 HAs REDuESTEu 1HAT',Fd.4,' SECuNUS OF ', 1474.000 

6 	'NUN N(imBER',15.' BE PRUCBSSEu.') 	 1475.000 

26U 	FuNHATI/41, 1 	 INNING: 74U CONSECUTIVE ENU-uF-FILE MAkaERS ',1476.000 

6 	'NENE FOHNO AT 1HE START'/1X,' 	 1 ,11X,'OF (APE N<J48EK',I3, 	1477.000 

6 	'. 	TiF TAPE IS ASSURED Tu 8E BLANK.'/1x,' 	 1,11x, 	
114477::U00000 6 	'OTsmuuNT TAPE.') 

270 	FORMAT(/A1,' 	 wANWI(G: 	AN END-OF-FILE -4ANKEN .v AS rOu4U AT ', 1460.000 

6 	'IME sTARI OF TAPE Ammo00,13. 1 . 1 /1x, , 	 ',11x,ipHuLEsS1N(0. 14d1.000 

& 	' CimlIwitS.') 	 1482.000 



280 	FoRmA 1 I///A1,'oEvICE SIATOS COUE0 AI PI166kAM TERMINAllUN (IN HEx) 1 1403.000 
6 	/1X,54(1H-)/1X,'TAPE uk1vt',12x,': 	',[5/1x, , LoNSJLt',15x, 	14o4.000 
A 	': 	',70/1x,'LTNE PHINTER I ,loA,': 	1 ,L3/1A,'INTERNAL 	 1465.000 
A 	'FILE cRNICHAR>: 	1 ,L8//1X,'OISK FILES',12A,': 1406.00 
6 	9 WAkITE',0X,'CLuSE'/I5x,'<HEADEK>: 	1,Zo,2(,LZ7.5; 	

1.1 

	

, 	140/.I,u0 
& '<OATA 	>: 	',Z8,2(5X,Z0)) 	 i400.0u0 

285 	FONMAT(///AI,'HO 	 )4 

	

N STOP 11E: 	',12,':',12,':',12) 	 1409.001) 
29U 	FUHMATI/41, 1 ***** ERROR: kRHOk IN CLUSIM, <HEADER> ANU/UR 	 1490.0uu 

6 	'<DATA> FILES. 	CHECK THE IuSIAT'/1A,' ***** 1 ,9x,'EKhuR COOL ', 1491.000 
6 	'AND INE VAkAmETERS IN THE CLOSE SIATENENTS. 1 /1K,' 	 ',9x, 	1492.000 
& 'IHL OPERAT1N4 SYSTtM RILL CLOSE ALL UrEN FILLS Af Iht ', 	1493.000 
is 	'1ERmlNATION',1X,' 	 ',4x,'UF 1H5 RHOGRAm. 0 1 	 1444.000  

300 	FUNMAT(1m1,'IRAR mAGNFTIC TARE TO DISK UAIA IRANSFEK ekU0RAm HAS '1495.000 
6 	,'COAPLETED PKOCESSING. 	THE 'DIALS ARE AS FOLLOWS:'////lx, 	1490.000 
6 	'NUMBER OF TAPES PRuCESSEU:',13////1WPROGRAm sTAT1SIICS', 	1497.000 

	

31x,'ACCEHTED',5x,'IlLJEL1LU'i1x,71)(1H-)/1x, 	1498.0u0 
8 	'NOmBER OF USER SELECTED BONS ON Olbh i vIOX,': 	',16,5X,18/1A, 	1499.000 
& 'NUMBER OF IARE DATA RECORDS HEAL) AND PROLESSED: 	1 ,10,5X, 	15u0.00u 
& 	18/1X,'NOMBER OF NRITE ATIFI1PTS TO DISK FILE <DATA> 	: 	 1501.000 
& 	I8,5X,T8////1A,'RUN NUm8ER 1 ,5x, 1502.000 
& 	'F1HS1 DISK RECUR() 	LAST DISK HLCukl0/1x,53(1H-))  1503.000 

304 	FURmAT(4X,I4,1 4 x.T5,15X,15) 	 1504.000 
308 	FORAIATL///AWtILE 4A 14E',42A,': 	<HEADER>',5A,'<unfA >'/ 	 1505.000 

• 1X,751111-)/1x, , F1LE S1LE (IN SECIuKS) 1 ,19x,': 	1 ,18,5A,18 	15u0.UuU 
& /1X,'N0MBER Ot SECTnRS AVAILABLE 6LYOND Ct./ 104E0f PuSIIIUN:', 	1507.000 
& F10.2,3x,F10.e/1x,'NumoE;r 01- RECoRDS AvAILAULE LIEYUND 	 1508.000 
& 'CIIHRENT POST1104: 	',I8,5X,I8) 	 1509.000 

310 	FORMAT(/A1,' 	 ERROR: 	OJABLE TO !Jet!, <HEAuLR> AND/UK <DOA> 1 ,1510.000 
& 'DISK FILES.'/IA,' 	 ',/x,'LHtCK THE PKHAMEIEKS IN 11 -1E 	

• 	

1511.000 
• 'ulDtv slATFMFNTS..) 	 1512.000 

320 	FORMAT(/A1,10Y,'INE NEAT HON NUO6Ek ON THL CuRwFNT DATA TAPE IS', 1513.000 
& 	I5,'.'/11x,'SELECT A NFR RANGE OF NUNS OR A HER DATA TAPE•') 	1514.000 

33u 	FUOIATI/10A,A1, , 1HE uSER HAS REQuESTtu THAI THE HtmAli.DEK OF ', 	1515.000 
6 	'DATA 1APE NomBER',13,' BE Sh1Prto..1 	 1516.000 

340 	FukmAfL/10X,A1,'THE USER HAS REQuFSTED 'HAT kuN NumdER',15, 	1517.000 
6 	' BE bKIPRED.') 	 1510.000 

350 	FUNMA1I/A1,' 	 1 ■ AkNIN6: 	IHE /•,AXIHOM AvAILAbLt IttCOKU NUMUEH ',1519.000 
6 	'FUN DISK FILL <JA1A> HAS'/Ix,'  	 ExCELULD. 	', 	1520.000 
6 	'NI ADDITIONAL DATA SIDHAbE FUR RUN Nuot300,15/1X,' 	 ',Ilk, 1521.000 
• 'NILL RE EXECUTED.'/ 	 1522.000 

360 	FORMAT(/A1, 1  	 THt mAAI•ium AvA1LA5LL KECOKL) NUMBER ',1523.000 
A 	'FOR ulsk FILL <HEAUEN> HAS'/IX.' 	 ',1 1 x , 'bELN txCLLOEU. 	',1524.000 
6 	1,00.1 N0N3ER',I5,' NILL Nol t5E PROLLSSE0. 1 j 	 1525.000 

370 	FORMAT(/A1,' 	 ERROR: 	URARLE TO mOU1)1 THt DISK.'/1X,' 	 ', 	1526.000 
6 	9x,'EHRUR coot: 	',Id,' (HEX).') 	 1527.000 

380 	FOR1,AT(/A1, , 	 ERROR: 	UNABLE TO olSmuuNT THE DISK. 	', 	 1528.000 
6 	'REMOVE THE DISK MANUALLY.'/Ix,' 	',9WERHOR CUut: 	 1529.000 
& Z6,' (NE)(/. 1 ) 	 1 530.000 

998 	FUNmATUAI,' 	,AaNIN6: AN ERROR HAS uCCURNEU UN UUleUl', 	1531.000 
6 	' TU Imh SLU tILE.'/Ix,' 	 ',11X,'TAeuLATL DISK kECURD 	1532.000 
6 	'INForovATioN FOR EACH RI)) HY HANIPi1x, 1 ***** 9 ,11WIN CASE 

• 

', 1= :0000 0)  
'HRIAJEu uulPUT 	LOST.') 

999 	FuRHAll/A1, 1 ***** v.AHWINb: 	AN UNDtFINEU UUTVOT Lout HAS dtEN ', 	1535.000 
A 	'HAsSto lu 5 1 1010011NE OuTeol.',1A, , ***.* 0 ,11x, , CHLUA ALL ', 153b.000 

'CALL 0  10 sunkaUTI)E 001POT FUR CUARECT ouft'Ul CODES..) 6  153/.000 
RETURN 	 1535.000 
END 	 1539.000 



1940.001) 

C 	 1541.060 
C 	 154.000 
C 	 * 	 * 	 1563.000 

SORROUT1NE FILES 1544 .000  
1595.000 
1596.000 

C 	 1597.000 

LUGICAL PubL1C, SHARE, mESSA6F 	 1546.000 

CHARACIER*4 HSIAI, r)STAT 	 1599.000 

CuMmUN / TWIN!! / HIAP, NSLO, 	 hufA 	 1550.000 

CUMMUN / DVS(Af / ogifAff, NSTA1N, NsfATH, N5IA10, NSTA1C, NSTAT1, 1551.000 

6 	 NSTATHu, NSTATUD, NsiAlmL, NSfATUC, NmuUNT. 	1552.000 

a 	 Ni)SMNT 	 1555.000 

CUmMUN / DISK 	/ NSZHEUR, MSLUAIA, HhP5C114, NhPHREC, A.dPOKEC, 	1556.000 

W4mPLSE 	 1556.000 
NiPPLSE, RHSPACE, NRmHtUR, RUSI•ACE, NRMDATA, 	1555.000 

CuANUN / ► ISC 	/ CTImER, Cf1 ,1EA, PLSPIREC, PLSPuREC, TALIEUF, 	1557.000 

P. 	 NEbrRAN6E, ALL, mlihiL(3), muAIEL3), NkULL, HELL 	155d.060 

UImENSION MibUF(192) 	 1559.000 

UAIA PUBLIC, SmAHF, IIESSAGt / 2 * .FALSE., .114°E. / 	 1560.000 

IF (10P .EU. 1) THLN 	 1561.000 

CALL X.-M(UNT ODISCP. 'Dm'. POEILIL ►  MESSAGE, SHARE. - 10. 	1562.060 

6 

	

	 MTiuF, NmuuNT) 	 1563.u00 

IF (NmoUNI .E +. 0) IHtN 1566.000 

641TE ('UT', 1UO, JOSTAT = NSfilfC) DELL 	 1565.000 

IF (NSfAIC .ED. U1 THEN 	 1566.000 

READ 	('!If', '(2A41 	IUS1 ml = NSTATC) risTAT, DS TAT 	 1567.0U0 

IF (NSTATC .E(1. 0) fHtN 	 156,1.000 

upt.• 	(NHUR, FILE = '601SC3T(SHA.4NDN)HEADER', 	 1569.000 

FILESILE=NS/HEuR, ALLtss = 'DIRECT', 	 1570.000 

FORm = 'UNFOkMATIEU . , RtCL = NI6PHRtC, 	 1511.000  

P. 	 STATUS = HsTAT ,LuSIAI = N5TAIm01 	 1572.000 

(WEN (NDfA, FILE = '6DISC3T(SHANNON)uATA', 	
1Z7.11000 A 	 FILESIZE=4S70A1A, ACUSS = ' DIREC( t . 	 1  

FORm = IUNFOHAATIEU', HELL = 46PUKEC, 	 1575.000 

STATUS = o6TAT, IoSiA7 = w6TA(u0) 	 1576.000 

IF (NS1A1HU .Nt. 0 .UR. NSTATUO .NE. 0) THtN 	 1577.000 

IERk = 20 	 1576.600 

CALL UUIPOT (31) 	 1579.000 

ELF 	 1560.000 
1561.000 

tru iLX = 2 	 1502.066 

ELSE 	 1563.000 

IEkR = 1u 	 1504.000 

LL OUTPUT (2) 1565.000 Fao 	
1566.0(0 

ELSE 	 1587.000 

IERK = 9 	 1586.000' 

CALL UHIPUT (3) 	 1569.000 

tNU 1F 	 1'39U.000 

ELSE 	 1591.000 

LEHI? = 17 	 1592.000 

CALL OuThMil l37) 	 1593.000 

ENO IF 	 1594.000 

ELSE 	 1595.000 

IF INSTATHO ,E0. 01 	 1596.000 

SUEIROUFINE FILES (10P, LERN) 

111 



& 	CLOSE (NH0R , SfAIUS = 'KtEP', 10sIAI = N 0 TAT 0 C) 	 1597.060 

Ir (NSTATUO .10. 0) 	 1596.006 

CLOSE (NOT*, STATUS = 'KEEP', IUS1KT = Ns ► ATOL) 
1  IF (N6TATOC .NF. 0 .0R. NSTKTOC .Nt. 0) Iliti4 	 1r0190= 

1ENR = 21 	 10111.000 

CALL OUTPUT (29) 	 160e.000 

END Ir 	 10113.000 

CALL A,-DIsMNT ( 1 01SL3', NUSm4T) 	 1009.000 

IF (NOSMN1 .0t. 0) LALL 0111'1'01 (36) 	 100.000 

ENU IF 	 1000.000 
RETURN 	 1:t= C 	FORMAT SIA1EkENTS: 

100 	FulimATUAWENTEH, FILE 51ATLIS tOR FILL *HEA9ER> Ow FILE ', 	1009.000 
6 	 '‹DATA ,. / 9 WITYPE <Ntw > Oh <ULU > LtFT JUSTIFILu AWL) ' 	1010.000 
6 	 'IN (249) FURNAW) 

ENO 	

1611.000 
1012.060 

SUBRUJIINE DISKC0EK (IRON, IURLC, 1CHtK, ItqR) 
11 1: 1654,% °  

C 	
0 

C 	 1615.000 

C 	 * 	 * 	 1616.000 

C 	 * 	500RUOTIYE DISACHEK 	* 	 1617.000 

C 	 * 	 * 	 1616.000 

C 	 1619.000 

C 	 1620.000 

COreqUN / D 1/S1AT / 0SIATI, NSTAT•, NSTATh, NsIAT), NSTM1C, NSTAll, 1621.000 

6 	 NSTAIHU, abrAT00, NsIAT0L, 4sTATDC, NmUUNT, 	1611.000 

K 	 NOSPANT 	 1623.000 

COMMON / DISK 	/ NSLHE0h, NSZuA1e, NbPSCTR, NoPHkEC, NSPOINEC, 	1614.000 

6 	 NriPPLSE, RHSPALE, moineuR, RUsPACE, ivilmUATA, 	1625.000 

NtimPL't 6 	 1626.0(10 

CuMMUN / MISC 	/ Cril•t1,1, CfLmtA, PLSmTREL, PLS 6 U4tC, TAUEUF, 

6 	

1627.000 

NEo9AN0t, ALL, mIlmtl3), 40ATEl3), NHOLL, BELL 10eb.0U0 

DATA 1Hm, 10m / U, 0/ 	 1629.000 

SPHR = FLOAT(N0PHREC) / FLOAT(AAPSCTR) 	 1630.000 

SPUR = FLOAT(N6PuPLL) / FLOA1040PSLIK) 	 1631.000 

IF (1CHEK .Eu. 1) T9tN 	 163e.000 

RHSPACF = FLnAT(4SZHEU4) - FLUAI(IKON - 1) * SPHR 	 1633.000 

NR ►AHEOR = TdIl(FLU4T(NSL ,4E0h) / sPliR) + 1.E-3) - ( IKON 	1) 	1034.000 

RuSPACE = FLfAT(4sLUAFA) - rLuAl(luREC - 1) * SPOR 	 1035.000 

14uAlA = T1Tl(1400PACE / SPUR) * 1.E-3) 	 1036.000 

NRmPLoE = INT(( - LuA1(NN•NATA * NuPuREL) / FLoAT(NdePLbt)) 	163/.000 

& 	 + 1.E-3) 	 1636.000 

IF (N00 0EUR .LT. 1) THEN 	 1039.000 

liPsRACt = U. 	 1640.000 

10AHLDR = U 	 1641.000 

LEW? = 22 	 1642.000 

CALL OUTPUT (36) 	 1693.000 

aR1TE ('UT', 100, lOsTAT = NSTAIC) HELL, IRON 	 1699.000 

ELSE IF (NRmRLDR .GE. I .ANU. NRAHLUIN .LE. 5) THEN 	 16 415.000 

IF (NRmftnk .LE. 5 - Irn) 1Ht14 	 1096.000 

NNI1E ('U'', 200, IUSIAI = NsIATL) r4,==i nt, 	1097.000 1  

6 	 1648.000 

IH" = IhM + 1 	 1649.000 

ENO IF 	 1650.000 

END IF 	 1051.000 

ELSE 	 1652.000 

Rl(sPACE = FLOATI4SZHEUR) - FLUAILIRUN) * SpHq 	 1653.000 



NRmHEUR = INT((RHSPACE 	/ 	5.3 1112) + 	I.E-3) 
RUSPACE = FLOAT(46LUAIA) 
Nte*UAIA = INT1(FLOAT(wSLOATA) / 	SPUR) 
NNMPL8F = INTI(FLuA1(Ne4muATA 	* Nt4PuNLC) 

1654.buO 
- 1) * SPUr( 	 1055.000 
1.E-3) - 1IUNILC - 1) 	1656.000 
FLumi(NOPPLbE)) 	165/.000 

+ 1.E-3) 16.5.uUU 
IF 1NRAUAIA .LT. 1) ruEN 	 169.000 

RO.pACt = u. 	 lobt).000 
WPmuATA = NRmPLSt = U 	 Ibb1.000 

166e.000 IERro = 23 
CALL OuTPHT (35) 
WRITE ('UT', 300, 19STAT = NSTAIC) HILL, lu.tEC 

ELSE IF (NRi•)ATA .GE. I .AND. NW*DATA .LE. 506. IitN 	 15.000  

IF (NRNDATA .1.L. 500 - 1:m*1w:) ThtN 
WRITE ('UT'. 400, IUSTAI = NSTATL) DELL.RUSPALE. NRF1DAIA,1bb7.0.10 

NwMPLGE 	 1b6d.000 

	

/uM = 'um 	 lbb9.000 

ENU IF 	 Ib70.000 

END IF 	 1b71.000 

E.40 1F 1672.000 

RETURN 1673.000 

c 	 17 0 C  

	

FORMAT STATEMENTS: 	 1:7.00000 

100 	FamATt/1Y,A1, 1 ***** 	WARNING: 	DISK FILE 	(hEADER> 	IS NUI 	LAW6E 	1 . 

V. 	 TU STURE hEAuER'/IX.' 	 '.11WINFukAATION FOR 	', 
1876.000 
1b77.000 

I 	'RUN 	NuAMER',15,1.1) 1678.000 

200 	FUNMAT1/1x,A1, 1 ***** 	WARNING: 	ThERE 	AWE 	uNLV'fFi.d,' 	SECTURS 	', 1619.000 

V. 	l AVAJLALLt 	IN 	DISK 	FILE 	cHEADt10..'/1x,' 	 '.11X.'Irit 	LAST', 1680.U00 

V. 	RoN 	Thal 	CAw bE 	PKOCESSED 	Ib Nom8E10;17.'.') 1681.000 

300 	FORMAT(/1x,A1, 1  	/YAWNING: 	DISK 	FILL 	<UAIA> 	Is 	NOT 	LARGE 1btle.000 

6 	'tNUu:.1-1 	10 	STUkt 	uA1A 1 /1x.' 	 1 .11A.'kELU 1 0 	4UNdEk 1 .1b,'• . ) lbb3.000 

000 	FLMMAT1/1x.A1,'  	NAwNING: 	MERL 	Akt 	UNLT'.F7.2,' 	SECTORS', 

6 	'AVAILAOLt 	IN 	DISK 	FILE 	(DATA,.../1X,' 	 

1684.000 
1613b.000 

& 	' 	MUkL uAIA 	WtCURuS 	(',I',' 	PULSES) 	LAN dt 	STuREU.') 16813.000 

EMU 1667.000 

$A1 1688.000  
sal 	D01=w4T01k,,U 1689.000 

SEXECUTt CATALOG 1690.000 

OPTION PROmPl 1691.000 

A2 b=sLuauoo itle.uuo 
A3 	1:0191U00,1NPT,.0 1693.000 

BUILD LOAD 11 NUm 1094.000uuo 

SEOJ 1695.000 

33 1696.000 

113 



(THIS PAGE INTENTIONALLY LEFT BLANK) 

114 



APPENDIX B 

DATA ANALYSIS ROUTINE 

115 



$308 A3366000 COHEN,•N 
SOPTIuN 1 3 4 5 
SEXECUTL FURTI/ 

PROGRAM UATAR 	 0004.000 
C 	 0005.000 
C 	 0006.000 
C 	 0007.000 
C 	THIS PROGRAM IS WRITTEN TO REDUCE THE 'PAR DATA RELORD rU IN PANAMA 0008.000 
C 	CITY IN uECEMBER nF 1982. THE DATA THAI WAS COLLECTED uN IHAT FIEL000u9.000 
C 	TRIP WAS WECURCIEo ON MAGNETIC TAPES. THIS UATA HAS THEN TRANsFEREu uolo.000 
C 	TO A HARU OTSK HNIT (J THE GT SEL. THIS PROGRAM READS THAT DISK ANDUO11.000 
C 	ANALYZES THE DATA AS SPECIFIED BY THE OsER. 	 0012.000  
C 	 0013.000 
C 	THE DATA 1ENTIONEO /WOVE CONSISTS OF fHt ktIURN SI61JAL ot A 	 0014.000 
C 	BINARY PHASE FNcUnto TRANSMIT PULSE. TtitSt PULSES ARE ARRAN4EU 	0015.000 
C 	IN 'RUNS' OF 2000 OR Su HEluRN PULSES. EACH PULSE CUNSIsTS OF 	0014.000  
C 	32 2-BIT VALUES IHuTLAFING POLARIZATION. THIS PRJbRAM RtAuS THOSE 0017.000 
C 	RETURNS, CURRFLAIES THE RETURN SIGNAL 	IHE IRANSMITItD SIGNAL, 	0018.000 
C 	ANU ANALYZES THE SPECIFIED SUBSET JR sUbSt1S ut IHE CoRktLAIIONs. 	0019.000 
C 	THE USER SPECI F IES THE SUBSETS, CHuOSIN6 FRUm 1HE tOLLUwIN6: 	 0020.000 
C 	 0021.000 
C 	(1) THE CORRELATION OF ALL RETURN SI4NALS. 	 0022.000 
C 	(2) 	THE ull1POT OF UNE PARTICULAR BIN. 	 0023.000 
C 	(3) 	THE PEAK OF THE RETURN SIGNAL. 	 0024.000 
C 	(4) 	IHE PnSTlIoN Al (+Filch IHE PEAK UCCURLO. 	 0025.000 
C 	 0026.000 
C 	THE USER THEN SPECIFIES THE ANALYSIS TO BE PERtoRmED UN THE CHOSEN 002/.000 
C 	DATA SUBSET. THE CHOICES ARE THt tOLLUNIN6: 	 0026.000 
C 	 0029.000 
C 	(1) 	STATISITCAL ANALYSIS (AVERAGE ANU SlANIJARU DEVIATION). 	0030.000 
C 	(2) HISTOGRAM ANALYSIS (UCCuRENcEs OF A 6IvEN LEVEL UUIPUT). 	0031.000 
C 	(3) AufnCORRELATION OF OUTPUT (GIVES INDICATION OF ULCURHELATION0032.000 
C 	 TINE or 1ARGET. THIS IS MEANIN6FUL ONLY FUR DATA SETS (2) 00033.000 
C 	 (3) ABOVE). 	 0034.000  
C 	 0035.000 
C 	THEN THE OUPUT FURm MUST BE SPECIFIED. THE CHOICES ARE: 	 0036.000 
C 	 003/.000 
C 	(1) PRINT TO PAPER. 	 0038.000 
C 	(2) PRINT 10 THE TERMINAL. 	 0039.000 
C 	(3) PLOT THE DATA. 	 0040.000 
C 	 0041.000 
C 	NUI ALL COMBINATIONS ARE POSSIBLE. FOR EXAMPLE, It DATA TYPE (2) 	0042.000 
C 	IS SPECIFIED ALoNG wITH IHE STATISITLAL ANALYSIS AND PLul UOIrU! 	0043.000 
C 	UPIION, IHE UATA WILL NOT bE PLOTTED SINCE IHE STATISTICS wOoLU 	0044.000 
C 	CONSIST OF ONLY UNE AVERAGE ANU STA0UAHO UtVIAIION, WHICH 	NOI 0045.000 

C 	PRODUCE A REASONABLE PLOT. SO IN LASES WHERE SEVERAL DIVEtHENI 	004b.000 
C 	DATA TYPES. ANALYSIS, UR OUTPUT UPITONS ARt SPtCIFIEu ALL REASON- 	0047.000 
C 	AdLt comoTNAIIuNS ARE PERFORMED, A(4I) fHt UNktASUNAULt CUMdINATIONS 0048.000 
C 	ARE IGN0REu. 	 0049.000 
C 	 0050.000 
C 	 0051.000 
C 	** PROL;RAM nRGANIZATI)N ** 	 0052.000 
C 	DOE to THE ANOUNI OF DATA TO HE AJALYLEU, THE UAIA IS RtAU IN 	0053.000 
C 	TO AN ARRAY IN BLOCKS OF 9b RETURNS. ALL ImPoRTANI INtoRmAIIoN 	0054.000  
C 	15 EXTRACTED FROM IHI3 BLOCK Ot RETURNS, ANt) TrIEN IHE VtAl BLOCK 	0055.000 
C 	IS REM) IN. IN !HIS MANNER AT NU lime IS If NtctSbARY 10 HAVE 	00sb.000 
C 	ALL 2000 DR SO RETURNS IN IHE COMPUTER MEMORY SIMULTANEOUSLY. 	005/.000 
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C 	THE MAIN PROGRAM CUNSISTS OF TAO LOOPS, ONE. NESTED INSIDE IHE 

	

C 	OTHER. THE Ou1SIDE LOOP ALLOWS IHt SAME. ANALYSES lo BE PERFURFIEU 

	

C 	ON mANY SuCcESSTvF RUNS (WHERE A 'kip° IS UtFINEU ABUVt). 

	

C 	THE INNER LOOP PERFORMS THE ANALYSES Fun THE SPECIFIED PULSE 

	

C 	NUMBERS wITHIN A GIVEN RUN. NITHIN THIS Lour IHE SUBROUTINES 

	

C 	STAT, HIST, ANU AulOC ARE CALLED. THESE. RuuTINFS SAVE IHE 

	

C 	INFuRMATION EXTRACTED FROM A GIVEN RUN ANU PULsE NECESSARY FUR 

	

C 	THE CALCULATIONS  OF THEIR RESPECTIVE ANALYSES. AFTER ALL SPEC - 

	

C 	IFIED PULSES FUR A GIVEN RUN ARE ANALYZEU, IHE SUBROUTINE 

	

C 	WRAPUP IS CALLED TO TAKE CARE OF THE OtIAILS OF 1HE ANALYSES 

	

C 	WHICH COULD NOT HAVE 3tEN DONE UNTIL ALL PULSES HERE 

	

C 	CUNSIDERtD. 

	

C 	THE LOGIC OF HOST OF THIS CODE SHOULD ut EASILY UAUERS1Oup 

	

C 	dY ANOTHER PROGRAMMER, THOUGH ONE SELTIuN OF THE IiA[N 

	

C 	PRUGRAM IS CONFUSING. THE CONFUSION ARISES FRum THE FACI 

	

C 	THAI NUMPREC(96 FOR IPAR) RETURNS ARE READ AI ONCE FROM 

	

C 	THE DISK, AND FROM THE 1.JNCERTAIN1Y CU,ILERNING IHE VALIOITY 

	

• C 	OF 1HUSE RETURNS. DUE TO THESE FACTURS IHREt VARIABLES OF 

	

. C 	DISIINCT BUT SIMILAR (AND SO CuNFuSING) USES MERE REUUIREU. 

	

C 	THOUGH THESE VARIABLES ARE OtSCRIBED dELOn, IT MIGHT HELP 

	

C 	TU EXPLAIN THEIR DIFFERENCES HERE. INur is A LOUP VARIABLE 

	

C 	THAT EXECufES THE ANALYSIS SUBROUTINES ONCE FOR EACH Guuu 

	

C 	PULSE plEfoRNED FROM GTPULS. THE ACTUAL NUMBER OF THE PULSE 

	

C 	IS NOT REPRESENTED 9Y INUP, ONLY THE NUMBER OF THE PULSE 

	

C 	w1THIN THE NUmPREC PULSE BLOCK JUS1 READ IN. INUPULS, ON 

	

C 	THE OTHER HAND, REPRESENTS THE ACTUAL PULSE. NumBER OF THE 

	

C 	FIRST PULSE IN THE PRESENT BLOCK OE RETuRNS. 	1HIS IS NEEDED 

	

C 	TU READ THE APPROPRIATE dLUCK UF RETURNS FROM IHE DISK. 

	

C 	FINALLY, ISOFAR REPRESENTS THE TOTAL NUMBER UF GOOU PULSES 

	

C 	PROCESSED OR BEING PROCESSED Su I, Ak, FUN ExAmmLE, IF THE 

	

C 	PROGRAM IS PRESENTLY PROCESSING THE e00IH PULSE IN A GIVEN 

	

C 	kUN, INOP SHOULD 9E a SINCE. THE 20UTH PULSE IS THE ATH 

	

C 	PULSE IN THE THIRD BLOCK OF RETURNS (THE HLUCK NUMBER IS 

	

C 	IRRELEVANT TU INOP). INOPULS WOULD BE 196, IBC NUBMER OF 

	

C 	THE FIRST PULSE IN THE THIRD BLOCK OF RETURNS, ANo ISOFAR 

	

C 	WUULU BE THE NuMBFR UF GOOD PULSES PRUCESSEu OR BEING 

	

C 	PROCESSED SO FAR, SAY 195 IF 5 OF THE PULSES FRUIT PULSE 

	

C 	ONE 10 PULSE 201) HAD SEEN dAu. 
C 

	

C 	** VARIABLES ** 

C 

	

C 	NOTE: vARTARLES EWING IN 'YN' ARE INILNUEU TO dt ASSIGNtU THE 

	

C 	VALUE Y UR N. THESE VARIABLES INDICATE wilt] HER UR NU( THAI 

	

C 	SPECIFIC ITEM IS RtDOESTE0 BY iHt USER. 
C 

	

C 	ALBINYN 	ALL HMS TO BE ANALYZED? 

	

C 	ALBQ5C 	nit 50A OF IHE CuRRELAINR Uoieul NUR ALL BINS. 

	

C 	ALDNSCe 	IHE Sum OF THE CoRRELATOw ouTPul SUAAREO FUR ALL BINS. 

	

C 	AUlUdIN 	IHE. sEGNENCE CUNSISfING uF 1Ht. UUIPUI UF ONE 

	

C 	 PARTICULAR 'SIN. 

	

C 	AUTUPK 	IHE AulOCORRELAFION OF THE SLUOtNLE LoNSI(ING UF THE 

	

C 	 TEAK OUTPUT FOR EACH PULSE ONUER CUNsIUERATINN. 

	

C 	AUluYN 	PERFURm AillocotiRELATIDN ANALYSIS: 

	

C 	A9GC:111 	AVE4A[,E COwwELATUR uulPul how EACH BIN. 

	

C 	BAU10 	. Aul0CoRRELI)ly UF THE SEQUENCE CONSIS 1 ING OF IHE. 
C 	 004PUT 01 E UNt PARTICULAR (USER SPEC:(I - ILO) bIN. 

uu5a.0110 
00'34.000 
0u60.000 
0061.000 
uu6e.OuU 
0063.UUO 
0064.000 
0065.010 
0066.000 
0067.000 
u068.000 
0069.000 
00/u.000 
0071.00) 
Vu/d.000 
0075.000 
0074.000 
uu75.0U0 
0070.uu0 
00/7.000 
Uu76.0u0 
00/4.000 
0060.0u0 

(m161.0110 
0062.000 
0U63.000 

OU414.1)00 
VO.0uU 
VUdb.(100 
0067.000 

U088.000 
0069.000 

UU9u.0U0 
0091.000 
1)092.000 
0093.000 
0094.000 

0095.000 

0096.000 
0097.000 
0096.000 
0099.000 
0100.000 
0101.000 
0102.000 
u)03.0uu 

0104.000 
0105.000 
0106.0uU 
0107.000 

0106.000 
0Iu9.u00 
0110.000 
0111.000 
0112.000 
0113.000 
0114.000 
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C 	 (THE AUTUCURRELATTON OF AulUBIN). 	 ui15.000 
C 	BAVG 	(Ht AVERAGE OUTPUT OF UNt PARTICULAR BIN. 	 0116.000  
C 	tiSIG 	THE STANuARO DEVIATION UF 1HE UuTPUT OF UNE PARTICULAR 	0117.000 
C 	 dIN. 	 0116.000 
C 	CODE 	USED ONLY IN SUBROUTINE CORBEL, CODE IS THE CODE TO 	 0119.000  
C 	 dE CORRELATED. USUSALLY THIS IS UNE OF IHE SEUUL•CES 	0120.000 
C 	 IN TREluKTIsT. NHEN CURREL1 IS LALEU FROM SuBRULIIINE 	0121.000 
C 	 ARAPUP, tiONEVER, CODE IS THE SEUUENCE SPECIFIED FOR 	 u1e2.000 
C 	 (HE AUIOCORRELATION ANALYSIS. 	 01e3.000 
C 	CORR 	CALCULATED IN SUBROUTINE CORRtL. THIS VARIABLE REPRESENI501e4.000 
C 	 THE CORRELATION uF A CODE IHRuuGH A FILTER, USUALLY icuJti01e5.utio 
C 	 THROUGH 'FILTER', BUT ALSO REPRESENTS THt AUTOCuRKELATION 01e6.000 
C 	 OF THE DATA SPECIFIED FOR USt IN IHE AUTUCURRELATION 	0127.000 
C 	 ANALYSIS IF CALLED FROM RoufINE. ANAPUP. 	 0126.000 
C 	FILTER 	THE FILTER, OR TRANSMIT SIGNAL, THIS IS USED AS THE REFER-0129.000 

C 	 ENCE OF CORRELATION OF THE VARIABLE 'COOL'. IT IS REAL) FR013(1.000 

C 	 (HE HEADER INFURmATIUN RY kOulIKE GEIHEAD. 	 0131.000 
C 	HISTYN 	HISTUGHam ANALYSIS OPT1O.A CHuSENY 	 0132.000 

C 	1 	 LOOP vARIA6Lt 	 0133.000 

C 	IBINNO 	SPECIFIED BIN NUMBER. 	 0134.000 
C 	IERR 	ERROR FIAG GEALRATED IN READ IL) DISK. 	 0135.000 

C 	THsTeTN 	THIS TS IHE HISTOGRAM CALCULAIEU FUR ONE PARTICULAR BIN. 0136.000 
C 	IHSTPK 	THIS IS THE HISTOGRAM I-01N ImE PEAK OUTPUT OF THE CORKELAID0137.000 
C 	IHSTPUS 	IHE HISTUGRAm OF THE PUSITIDN OF THE PEAK OUTPUT UF THE 	0136.000 

C 	IND() 	INDEX USED TU ANALYZE EACH PULSE. 	 0139.000 

C 	INDPULS 	INDEX FOR THE PULSE LOUP (14Ntk LOOP AS DESCRIBE() ABuldt). 0140.000 

C 	INDRUN 	INDEX For( lit RUN LOOP (uulER LuUP Aa DESCRIBED ASUVE). 	0141.000 

C 	IPULFN 	LAST PULSE NUmbER SPECIFIED. 	 0142.000 

C 	IPULST 	FIRST PULSE NUmdtR seELTritu. 	 01'43.000 

C 	IRUNFN 	LAST RUN NUMBER SPECIFIED. 	 0144.000 
C 	IRUNST 	IINSI kuN NUMBER SPECIFIED. 	 0145.000 

C 	ISUFAR 	(HE vaNTAPLE KEEPING CWINT OF HOW MAN),  PULSES LOOKED AT 	0146.000 
C 	 So FAR HAVE BEEN vALID. 	 0147.000 
C 	ISTART 	THIS TS A PJINTER TO THE STARIINT, KELORD NUMBER 	 0146.000 

C 	 FoR THIS RUN. 	 0149.000 
C 	ISIUP 	PoINIEN In IHE STOPING RECuRu NUMBER FOR THIS RUIN. 	 0150.000 
C 	LENFILT 	LEN;IH OF IHE FILTER (FRUm HLAut.(0. 0151.000 
C 	LENGTH 	IHE LENTH OF THE INPUT COUE, SHUuLD Bt 32. G  0152.000 
C 	NUMURE 	LOOTCAL VARIABLE INDICATING THAT THE LASI PULSE IN A 	0153.000 
C 	 G/VFN RAIN' HAS BEEN READ. 	THIS IS USED IN THE CASE THAT 	0154.000 
C 	 NONE PULSES HAVE BEEN NEuoEsTtu THAN EXIST FUR FHA) NUN, 0155.000 
C 	 IN WHILH CASE 1 4UmORt ,  RETURNS FROM 00BRUuTINE GIPULS SET 0156.000 
C 	 TRUE. 0157.000 
C 	NONE 	bouLLAN VARIABLE INDICATING THAT THEME NAS NJ SUCH RUN. 	0156.000 
C 	NUm13000 	THE NUMBER 01- Gout) PULSES IN IHE MUST_ RECENTLY READ BLUCK,0159.000 

CALCULATED 	GTPHLS. 	 0160.000 

C 	NUmPREC 	THE (111114cP OF PULSES PLR DISK ktLuR0. BHOULu tit 96. 	0161.000 

C 	UNEBNS 	IHE SON OF THE CuRNELAIoN OulPul FUR DINE PARIILULAN 61N. vibe.uvo 
C 	UNEBNS2 	IHE 	OF IMF suuAqt UF Tut LUkKELAIOR UOTPUI FUR UNE 	U1b3.000 
C 	 PARTICULAR BIN. 	 0164.000 

C 	ONLEINYN 	ANALYZE uNE PARTICULAR 	 0165.000 

C 	PAM( 	(HE sEuoLoCE CONSTSTLN6 OF Pit PEAK LuRRELAIok JufPul FOR 0166.000 

C 	 EACH PUL0F !INDER CuASIJERAlluN, Iu At USE0 IN SUbRUOINE 0161.000 

C 	 AuTOC. 	 01E6.000 

C 	PCI0000 	INUILK1F5 RHAT PERCENTAGE uf IHE REWJESTED PULSES KERE 	0169.000 

C 	 6000. PULSES TiAT AKE AuN-ExiSIENT ACRE NUT CONSIDERED. 0110.000 
C 	PEAK 	LALCULATED IN SUBROUTINE CuRREL, FtAK IS THE PEAK OUTPUT 0171.000 
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C 	 OF THF CURRELATOR FUN THE GIVEN PuLst. 	 0172.000 

	

C 	PLAKYN 	ANALYZE THE PEAK CURRELATuR OuTPU11 	 0173.000 

	

C 	PKAVG 	THE AVERAGE PEAK CuRkELA1OR OUTPUT. 	 0174.000 

	

C 	PKPos 	IHE posilyoN OF THE PEAK CORkELAlux OUTPUT. 	 0175.000 

	

C 	PKPUSAV 	THE AVERAGE POSITION OF IHE PtAK CURkELA10R OUTPUT. 	0116.000 

	

C 	PKFuSSG 	THE STANuAka DEVIATION or THE PEAK CoRkELATuR ouliauf PUsIT0177.000 

	

C 	PKPOSYN 	ANALYZE IHE PEAK pUsITIoN? 	 0178.000 

	

C 	PKS 	Sum OF THE PEAK COkRELATuR UU1PuTb, 10 BE USED IN CALCULAT0179.000 

	

C 	 AVERAGE PEAK. 	 0180.000  

	

C 	PKSIG 	STANuAk0 DEVIATION OF PEAK COkkELATON OUTPUT. 	 0161.000 

	

C 	PKS2 	Sum OF THE PEAK COKRELATUR OulPols, 10 HE USED IN CALCuLAT0182.000 

	

C 	 STANuAk0 DEVIATION OF PEAK (eKS161. 	 0183.000 

	

C 	PLUAYNPLuT DATA? 	
0011::= 

	

C 	POSS. 	SUM OF TEAK POSITIONS. 

	

• C 	PO5S2 	SUP,  OF BEAK POSITIONS SQuAREU. 	 0166.000 

	

C 	pkPAYN 0187.000 PRINT DATA Tu PAPER? 

	

C 	PRSCYN 	PRINT DATA TO SCREEN? 	 0188.000 

	

C 	PSAvG 	AvLPAGE PEAK SIOtLOME LEVEL. 	 0169.000  

	

C 	PKSIG 	sTA HoAko DEVIATION Or PSL. 	 0190.000 

	

C 	PSL 	 PEAK SWELUde. LEVEL, IN Us hHEN EXITING LokREL. 	 0191.000 

	

C 	PSLCOM 	PEAK SIDELO3E LEVEL OF AVERAGE COkkELATOR OUTPUT. 	 0192.000 

	

C 	RIAVG 	AVERAGE INTEGRATE° SIDELuSE LEVEL. 	 0193.000 

	

C 	RISIG 	sTANuAko DEVIATION OF ISL. 	 0194.000  

	

C 	RISLCOm 	INTEGRATED SICIELOst LEVEL OF AVERAGE CORKELATOk OUTPUT. 	0195.000 

	

C 	RLPGCOM 	LOSS IN PkUCESSING GAIN OF AvENAGL CuRkELATuk OUTPUT. 	0198.000 

	

C 	kNEN 	INUICAIES THAT THE USER .,.ANTS AN ENTIRELY NEw DATA SET. 	0197.000 

	

C 	RETURNS 	THE SE1 OF 96 RETURN SIGNALS (CODES) TU bE ANALYZED. 	0198.000 

	

C 	RISL 	INTEGRATED SIDELuRE LEVEL, IN OET NHEN EXITING COKREL. 	0199.000 

	

C 	RLPG 	THE LOSS IN PRUCESSING GAIN, IN Db. 	 0200.000 

	

C 	SIGCuk 	STANUARI) DEVIATION OF THE CORRELAIUR OUTPUT FOk ALL BINS. 0201.000 

	

C 	STATYN 	JTATIS1TCS ANALYSIS REDuESfEut 	 0202.000 

	

C 	STOP 	INDICATES THAT THE UsEk AANIS 10 STOP. 	 0203.000 

	

C 	SUMISL 	fHL Sum OF THE INTEGRATED SIDELObt LEVELS FUR uSt IN 	0204.000 
CALCULATING AVERAGE ISL. 	 0205.000 

	

C 	SUMISL2 	Sum OF INTEGRATED SIuELObE LEVELS SQuAkED. 	 0206.000 

	

C 	SumLPG 	THE Sum OF THE LOSSES IN PROCESSING GAIN. 	 0207.000 

	

C 	SUHLPG2 	IHE SLIM OF THE SUUARE uF THE LPG VALUES. 	 0208.000 

	

C 	SUMPS(, 	THE SON uF THE PEAK SIDELDBE LEvELS FOR USE IN CALCuLATING0209.000 

	

C 	 THE AVERAGE PSL. 	 0210.000 

	

C 	SOMPLS2 	SuM OF BEAK SIOELObE LEVELS SUUARLU. 	 0211.000 

	

C 	1CUUE 	TEMPORARY STORAGE FOR 1Ht CUUE ID HE USED IN SU8ROuTINt 	0212.000 

	

C 	 CONREL, hHICh EXPECTS A ONE DIMENSIONAL AkkAY. 	 0213.000 

	

C 	 0214.000 

	

C 	 0215.000 

	

C 	 0216.000 

	

C 	** bUHROuTINES ** 	 0217.000 

	

C 	 0218.000 

	

C 	INITIAL 	CLEARS ALL ARRAY VALUES 10 LtKu. Th1S IS O0oE bECAUSE 	0219.000 

	

C 	 MANY AkRAys ARE CALCuLATEu INLRtmENTALLy IHROUGHUOT 1HE 	0220.000 

	

C 	 EXECUTION OF THE PROGRAM. 	 0221.000 

	

C 	SLECTIU 	SELECT ThPuftOuTPu1. (HIS kuuliNt ALLoAS THE USER TO 	0222.000 

	

C 	 SDI-CIFY 1HE INPUT uATA SETS, IHE ANALybEs TO HE PERFUkME0,0223.000 

	

C 	 AND IRE oulPuT FORM. 	 0224.000 

	

C 	AL1tRIu 	THIS ALLNwS THE osER TU ALIEN PAk1 OR ALL OF THE INPUTS 	0225.000 

	

C 	 ofTTHOul lyPiNG ALL nh THEM IN AGAIN. 	 022b.000 

	

C 	GLTHLAu 	!HIS puorINE GETS THE HEADER INFURmAlIug OFF Tht 01sK. 	0227.000 

	

C 	GTPULS 	THIS RuuTINE GETS T'it SPECIFIED °LUCK OF 96 PULSES FMO;I 	0228.000 
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C 	 1HL UTSK, A4U HETIIHNS HITH TpuSE PuLsES AND A CALIF( OF H0040229.000 

C 	 MANY mF IHE PULSES vEkt 1,000 tLoNIAINEU NO ILLEGAL CHAk- u230.000 

C 	 AcTERR). 	 0231.000 

C 	CURREL 	SudRUIITTNE CORBEL CALCULATES Iht LURNELATION OF A CODE 	0232.000  

C 	 THROUGH A FILltR. IT ALSO CALCULATES THE PEAK sIDLLuBE 	0233.000 

C 	 ANU INTFGRATE0 SIOLLUBE LEVELS. 	 0234.000 

C 	CORktL1 	STmTLAk In CUNNEL EXCEPT FUR IME ARRAY SILE. 	(HIS 	 0235.000  

C 	 IS TU CnkRELATE THE LARGER ARRAYS FUR THE AUTO- 	 0234.000 

C 	 CORRELATION ANALYSIS. 	 0237.000 

C 	SIAT 	Su4ROU(TNE SfAr UPDATES THt SIAT1T5ILS ARRAYS. 	 0236.000 

C 	HIST 	SubRUHTINF HIST UpUAIES THE ri1SluuRAm ARRAYS. 	 0e39.000 

C 	AUTUC 	SuHRUMINE AUTOC UPDATES THE AUIULORKELATION ARRAYS. 	0240.000 

C 	ARAPUP 	(HIS RUHIINE TAKES CARL OF THE LUuSt ENOS NUT TAKEN 	 02441.000 

C 	 CARE Oh IN sTAT, HIST, uk AuTuC. 	 0242.000 

C 	UATAOUT 	THIS TS IHt uENERAL OUTPUT ROuTINE. 	 0243.000 

C 	STAUEC 	ExTRACIED FRU4 MIKE SHAN4ON'S UISLLO ROUTINE 	 0244.000 

C 	TAbLt 	ExTYArIFU FiUM m1KE SHANOIN'S u1SLLO ROUTINE 	 0245.000 

C 	UNPACK 	tORACTEU FRo4 4IKE SHANNON'S u1SLLu 4uulINE 	 0248.000 

C 	I3IfF 	ExIPACTEU FRUA 4IKE SHANvON'S ulbLLU ROUTINE 	 0247.000 

C 	 0244.000 
C 	 1/249.000 
C 	 0250.000 

LUbICAL NOftOREDNuNE,PUtILIC.LSbAuE.SHARt 	 0251.000 

UIMENSION CORR163),FILIER(32),CCuOt(32),mlour(192) 	 0252.000 

COMM(IN/ARRAYS/ ALTINsL(2000),AL4H4C2keo00),REIURN4(96,32). 	 0253.000 

6 	AIJGCO34(83l,8TuCuR(63),IHSTraINI65),IusTek(35),INSTPUS( 6 3), 	0254.000 

6 	BAU(OlP000),PAHrJ(2000).AUTUdINl4UU0),AUTUPK( 4 000) 	 0255.000 

OA(A PUBLTC,HESSAG6,JHARE/.FALSE...ThUE.t.TRUE./ 	 0256.000 

CALL AA-hOuNI 1 , 01bC3', 'OH'. PUbL1L, MtSsA6t, SHARE, - 10, 	0257.000 

6 	 mTHuF. NMOUNT) 	 0254.000  

6 	
upt 04 (2, FILE = 'FIOISCST(sHANNUOHEAUER'. 	 029.000 

 FILESILE=50, 	ACCESS = 'uikECT', 

6 	 F0R4 = 'UNFORmATTEO', ktLL = 20, 	 02o1.000 
6 	 STATUS = 1 J1_0 1  ) 	 02o2.000 

OPEN (3, FILE = 1 41U/sC3T1sHANNuv/OATAI, 	 0283.000 

FILEsILE=50000, 	ACLESS = 'OIRtCr', 	 0204.000 

6 	 FORA = guNFuk4ATIEu . , HELL = 764. 	 0245.000 

6 	 STATUS = 'ULU') 	 0266.000  

40 CALL SLECTImITRuiSr,1RUVFN,IPHLST,IPuLFN,AL8INYN,REAKyN, 	 026/.000 

6 	PAPUSYN.('NEuNYN,I4INNIU,eRPAYN,PLOAYN,51Afrki,HITYN,AVIOYN , 	0288.000 
0289.000 6 	PhtSCrN) 

50 CALL ALTtRIOTIRNNST,IWUvFN,TPULS1,1PuLFN,AL3INYN,PEAKYN, 	 0270.000 

6 	PKPUSYN.1114FriNYN.IdINNU,PRPAVI.PLOAYkiJIAIYA.H 1 SlYv , AUWYN , 	02/1.000 

PRSCYq,k•tW.SIOP) 	 02/2.000 

IF(RNE4.En.'1"1,urue40 	 0273.000 

iFtSTON.r.Q."( 1 )GUTU2U00 	 02/4.000 

IF likUNFN .(,7. I500) IRUNFO = 1500 	 02/5.000 

Uo 1000 IhURJN = TRuNS(,IRuvFN 	 0276.000 

CALL 	I 'AL (sumrst_ , 	 PAS 	Sd. NUS5 PoSbe, OrNEtsNs ,UNtd1452, 	027/.000 

x 	sumHSL2,9u 4 ISLP,80PALPG,buILHG2,FILIEH,Lopol) 	 0278.000 

NONE = 	 0279.000 

CALL (*TuFAn(FILIFR,LENFIL(,INuti0m,i8fAKI , I3 1 0P,NONE) 	 u240.000 

IF(NUNE) GUI.) 1000 	 0241.000 

ISUFAR = 0 	 0262.000 

NUMPREC = 96 	 0283.000 

LENGTH = 32 	 0634.000 

14oPuls = IPuIsT 	 0285.000 
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100 CALL GTPULS(INORuN,INDPOLS,NUMUOu0,NUmukt,ISIAHTFISIOP,LtNFILT) 	028b.000 
IF(NUuuoup.0.1) GOTO 300 	 0207.000 
UU 250 INOP = I.NUMG000 	 0208.000 
ISUFAR = ISOFAH + 1 	 0209.000 
00 125 I = 1,LtNUTH 	 0290.000 
ICUOL(I) c RtTURNS1INUP,I) 	 0291.000 

125 CONTINUE 	 0292.000 
CALL CURHEL(COHR,TCOUE,FILTER,LENGFH,VEAK,PKVOS,PSL,RISL,LENFILF, 0293.000 

6 	RLPG) 	 0294.000 
CALL SrAl(LENGFH,ALd1NYN,PEAKvN,COHR, 	 0295.000 

6 	PEAK,PHS,PHSPFPKPOSYN.POSS,POSS2iFKPuSiOALBNYN,ONEBNS, 	 0296.000 
6 	ONEUNS2,10INNu,PSL,RISL,SuHPSL,Sum1SL,sUAHSL2,SUMISL2,HLPU, 	0291.000  
6 	SuMLPG,S1)NLPG2) 	 0248.000 

CALL HISI(LFATOH2ONE0NYN,IUTNNO,PEAKYN,Pto1s,Lukfi, 	 0299.000 
6 	PKP0SYN,PKpus) 	 0300.000  

CALL AUTIJC(CuRH,PEAK,PEAKAN,ONERNAN,116INNU,IS0FAH) 	 0301.'000 
250 CONTINUE 	 0304.000 
300 IF(NUMORt) GUT° 500 	 0303.000  

IAUPULS = INUPULS + NUAPREC 	 0304.000 
IF(IN0PULS.LI.IPULFN) GOT° 100 	 0305.000 

500 COATINUE 	 030 6 .000 
 PCTGJOU = 100.0 * FLoAl(ISOFAR)/(INuPuLS-1) 

CALL wkAPuP(LENGTH.ib(1FAH,STATYA,ONtuNYNguAvu,BSIG,ONteiNS, 	 0308.000 
6 	0AEHNS2,PEAKYN,PKAvG,PKSIG,eKS,HKse,PKFUSTA,PKPOSAv,PKPOSSG, 	0309.000 
6 	PUSS,PoSS2,A11TOTA,SUHPSL,SUmISLFSUHFSLefSUM1SL2,PSAVG , PSSIG, 	0310.000 
• RIAvG,RISIG,WALPG,SUMLPG2,HLPGAVG,HLPGSlu,LENFILT,PSLCOM, 	0311.000 
6 	RISLCUm,RLPGCUm) 	 0312.000 

CALL DAThouT(S1AIYN,HISTYA,AUTUvN,AL131NyN,UNEBNYN,I0INNU, 	 0313.000 
• pEAityN,PKPoSAA,PKAvG,PKsI6,PKPOSAv,PAPUSSu,dAvG,HS16,ISuFAR, 	0314.000 
• LLNGTH,PSAV6,P5SIG,HIAuG,HISIG,RLPHAv6,HLeGSIG.PSLCUM,HISLCOm, 0315.000 
6 	RLPuC0 7-4,1N0HuN,pHPAYN,PCT00U0) 	 0316.000 

1000 CONTINUE 	 0317.000 
GOO 5u 	 0318.000 

2000 	CLOSE (2 	STATUS = 'KELP') 0319.000 
CLOSE (3, SInII1S = ' KtEP')  

0U 33: 01 .00 00 00 CALL A4-UISNINT ( s OISC3', AUSmNI) 
LNO 	 usee.ouu 

C 	 0323.000 
C 	 0324.000 
C 	 0325.000 
C 	  subRuurt,E INIrIAL 	 0326.000 

SuokuUTINF INIITAL1SUAPSL,S0mISL,PKS,rKSe,POSS,PUsS2,UNEDNS, 	0327.000 
6 	OAEONS2.SuuPsL2.SUAISL2iSumLeutbu•LPG2.FIL(E4,COHR) 	 0328.000 

0329.000 
C THIS HOurINt CLLAHS ALL THE ARRAYS IN Int cummON sLuCK, ANU A Ftw OF u330.000 
C THt SIMPLE 44kIAHLFs uStO IN SOWAtiolINL sTAl. 	 0331.000 
C 	 0332.000 

UOIENSION FILItig(32),COAH(b3) 	 0333.000 
CumMuN/AlipAy,i, ALRNsC(20001,ALuIsCe(eouU),KLIUHNS(96.3e), 	 0334.000 

6 	All6C('IH(63),STuCu4t63),INSI514(55),1HsipK(0y),IN,Jipos(b3), 	0335.000 
6 	4A11lo( 2000).PAuT0120001.AuTuliN(4u00).AUTuPK(4000) 

SumPSL = 0. 	 0337.000 
SumPLe = 0. 	 :::::::: 

0339.000 SuHIsL = 0. 
SO 4 ISLe = U. 

il/ 33 4,4 01:=) SuHLPG = 0. 
suALeGe = u. 	 0342.000  
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PKS = u, 	 0343.000 
PKS2 = 0. 	 0344.000 
PUSS = 0. 	 0345.000 
PUSSd = 0, 	 0346.000 
UNE8NS = 0. 	 U347.000 
UNL8NS2 = U. 	 0348.000 
UU 1U 1=1,32 	 0349.000 
FILTER(I) = U 	 0350.000 

10 CONTINUE 	 0351.000 
UU 2u I=1,o3 	 032.000 
CORR(I) = 0 	 0353.000 
AVGCUR(IJ = u 	 0354.000 
S1GCOP(1) = U 	 0355.000 
IMST8IN(I) = 0 	 0356.000 
IN8TPK1I1 = U 	 0357.000 
IHSTPOS(1) = 0 	 0358.000 
1 0-W*814104i = 0 	 0359.000 
IHST 8 IN(O5) = u 	 0360.000 
InSfPit (04) = U 	 0361.000 
InSTPY (o5) = 0 	 03b2.010 

20 CONTINUE 	 03b3.000 
U0 30 1=1,2000 	 03b4.000 
AL8N8C(I) = U 	 0365.000 
AL6NbC2(1) = 0 	 0366.000 
8AUTO(1) = 0 	 03o7.000 
PAUTU(I) = 0 	 0368.000 

30 LUNT1NUE 	 0369.000 
Uu 4u 1=1,4000 	 0370.000 
AoTP8IN(I) = 0 	 0371.000 
AUTOPKII) = 0 	 03/2.000 

40 COCTINuE 	 03/3.000 
RETURN 	 0374.000 
ENU 	 0375.000 

C 	 03/6.000 
C 	 0377.000 
C 	 03/8.000 
C 	  biliKOOTINL SLtCllo  	0319.000 

bUbRUUTINF SLECT10(IHUNSI,IRUNFN.IPOL8TDIPOLtv.AL3INYN.PLAKyN, 	0380.000 
PKPubYNDONFuNTN,LoINNu,PRPATy.PLOATN,a1AFTN.H181TN.AU10YN. 	0381.000 

6 	PkSCYN) 	 0382.000 
C 	 0383.000 
C THIS ROUTIqt READS FILE INPUT TU UE1Er/mINL WHAT THE OtSIRLU INPUT/ 	0384.000 
C OUTPUT IS. 	 030.000 
C 	 0386.000 

LE461P = 32 	 038/.000 
nHITWNTI,10) 	 U386.000 

10 FONNATI ,  *** ctLtCT 14HOF uOANIITIES ***'J 	 0389.000 
HRITL('Pf'.*) 	 U390.000 
okITECO1 1 .201 	 0391.000 

20 FORMAT(' INPUT RUNi 4UsluErt rtAlGt (F0q tx14 ,4PLt 35,40)') 	 0342.000 
bEAPl'OT',*)1RON8T,1904FN 	 0393.000 
oRITt('Ufg,30) 	 0394.000 

30 FORMAT(' TNPUT PULSE qumbEN KANGt'i 	 0395.000 
KLAUL'Of',*)IPOLbT.1PuLF4 	 0390.000 
oKITWNTI,40) 	 03',7.000 

40 FuNNAT(' ['HOUSE UNt UR MORE OF TnE rUuLuet1NG: 1 ) 	 0398.000 
wNITWNII.501 	 0399.000 
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50 FORMAT(' ALL Rig'? (Y OR N)') 	 0400.000 
ilLAOt'uT',517ALHINYN 	 0001.000 

51 FORMAT(A1) 	 0402.000 
ARITL('UT , •60) 	 0403.000 

61) FURMAT(' pLAK? (y UR N)') 	 0404.000 

0405.000 
6RITt('LIT'.7U) 	 044,6.000 

70 FURmAT(' PEAK poSICLUN? 1Y OR NO)') 	 0407.000 
READt'UT',517PKPUSYN 	 0406.000 
wRITE('uil.60) 	 U409.000 

80 FORmAT(' DIVE PAR1ICJLAk 814? (V UR NUJ') 	 0410.000 
ktitOt'UT',51704r4Nry 	 0411.000 
1F(OAF6NYN .LO. 'N') Gur0 100 	 0412.000 
NRITE('NI 1 .90) 	 0413.000 

90 FORMAT(' WHICH H10?') 	 0414.000 
RLAU1'UT . ,*71H1N40 	 04 15.000 
IhiIN40 = It 14Nu + LENGTH 	 0416.1)00 

IVO oRITLCO1',*7 	 0417.000 

ARITL('UI',110) 	 0416.000 
110 FuRmATO *** stILCI UUIPUT DEV1CtS *** 1 7 	 0419.000 

WRITt('uTI,*) 	 0420.000 
aki7E('tift,te0) 	 0421.000 

120 FOkmAT(' pk1:47 TO SCkEE4': (Y nk 10') 	 v422.000 
irEAD('UT',517PNSCY ,4 	 U4e3.000 

nRITt( . 01'.1307 	 0424.000 

13U FORMAT(' PRINT Tu PAPER? (Y uR NJ') 	 0425.000  
pitA01'UT',51)pkPAYN 	 04e6.000 
6k1TEC11T 1 .1407 	 0427.000 

140 FURMAT(' PLOT 0,41A? (Y OR 4)') 	 0426.000 
READOW,517PLO4YN 	 0429.000 
fiRITt( 1 111',*) 	 0430.000  
AmITECuT 1 .1507 	 0431.000 

150 FORmATO *** StLtCT Fu4C1IWIS ***') 	 0432.000 
kkITEON1'.*) 	 0433.000 
wR11E('N1'.1601 	 0434.000 

160 FoRmA1( ,  srPOIsylcs? (y ow ^4) 0 ) 	 0435.000 
ktADO 	 0436.000UTI,SIJSIAlyN 

043/.000 0114ITWort.i70) 
170 FURMAT(' HISIO6PA;4? 	uk ! ,11') 

utt*T .it= REAU('UT',517m1Sir4 
vikITL('01 1 ,160) 	 0440.000  

18U FuRMAT(' AuT0001JRFLA1104? tY Ok 4)') 	 0441.000 
ktAtiOuT 1 ,5))AuTuYN 	 044e.000 
artITEC01 1 ,19n) 	 0443.000 

190 FukmATO *** OUNL .•I1H SLLECT7() ,J 	 ***') 	 0444.000 
0 RETURN 	 495.000  

tAU 	 0146.000 

C 	 044/.000 

0446.000 

0449.000 

C 	  SuukuuTI4E ALTtRILI 	 0450.000 
So6P011114E ALTLP1OtIkONST.IRuvfN.IPOL61,1pOLI- 4,ALHINVNO2 LAKYhy 	0451.000 

PAPoSYm,04F6mrPJ,101A .J0,P4+'ArA.PLUAr4.61A(r4,h1STY.4,AUIOYN. 	0452.0u0 

PRSLyN,RNtN,SI4M) 	 0453.000 
0454.000 

1H15 R0UT1Nt ALLnivs friE 0501 in ALTtk Int INPUTS PkEV1uUSLY ENTERE.00455.000 
0456.000 
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LLNGTH = 32 
LANNI) = TbINNU - LENGTH 
akI16('Uf',*) 
aRITE('01',*) 
ivRIT6('o1 1 ,*) 

5 wkITt('i11l,10) 
1U FORMATO1 	 1HE PRESENT INPUT/UUTPUI SELELFIUNS 

wRITc('ufl,*) 
AR1Tt('Ull,20) 

20 FURHATO * INPUT DOANTITIES *') 
aRITE('IIII,30)1RUNST,IHONFN 

30 FuRMATO 	(1) 	rtON NOMdER RANGE: 	 TO '.(4) 
6RITWorl,40)1pULSI,IeuLFN 

40 FukmAll' 	(2) 	PULSE NUMBER RANGE: ',I4,' To ',14) 
wRITL('UT',50)AL0TNYN 

50 FORMAT(' 	(3) 	ALL 6INS: 	 ',A1) 
*kITW01 1 ,60)PF*KYN 

60 Fu..fmATO 	(4) 	PEAK: 	 ',AI) 
wRITL('01 1 ,70)FvensY1 ,. 

70 FuRmATO 	(5) 	PEAK PUSITION: 	',Al) 

wk1TECU(',80)UNEGNyN 
60 FORMAT(' 	(F$) 	ONE PARTICULAR 814: ',A1) 

1F (UNEBNyN.Eff.'N') 00(0 100 

ARITE('U1',90)1D1NNO 
90 Fuk.KATO 	(7) 	bill wUMHER: 	 ',I3) 
100 wRITECUI 1 ,*1 

vaTt('01- ',110) 
110 FUrMAT(' * (IUTeUI DEVICES SELECTED *') 

aKITh('Of',12n)Pk5CYN 
120 FuRmATO 	(8) 	PR1vI TO SCREEN: 	'.Al) 

etkITE('UT',130)PKPAYN 
130 Fu MAT(' 	(9) 	eR1.41 Tu PAPER: 	',Al) 

vkITE('(11- ',1 4 0)PLOAyN 
140 FURmAT(' (10) 	PLUI DATA: 	 ',Al) 

ak1T6('UTP,*) 
ak1T6('01',150) 

150 FukmATO * FUCTIUUS sELECTED *') 
AITEC(II',160)SIAITN 

IbU FORMAI(' (11) 	STATISTILS: 	 ',A1) 

*N1TWOI',1/0)14 151Y11 
170 FORmAT(' (1?) 	FITSfuGkAm: 	 , ,AI) 

ARITE( 1 01',160)KuT0y 
180 FulimATO (13) 	Adi)COkRtLATION: 	',All 

wRITE('UI',*) 
aPITWOlf,1821 

182 hOKMAIO (14) 	OAIA IS COPRECI') 
w/ITWO1 1 ,184) 

184 FORMAT(' (15) 	ALL 	DATA') 
AR1TWU1',16F,) 

166 FuRmAT(' (1) 
rokI1E('Ol',190) 

190 FoRmAT(' Edith' Tiiit•den OF I I Eli YOU AANi fu GmAio.,E:y) 
READOGT',*)1coN6Nu 

kNE01 = ' 10 
 STOP = 'N' 

IF(ICHNGNn.F0.14)GuTu1000 
IF ( ILHNGNn. Nt 15) GOIU 1.57  

0457.000 
0458.000 
0459.000 
0460.000 
0461.000 
0462.000 
0403.000 
0464.000 
04b5.000 
0406.000 
0407.000 
0466.000 
0469.000 
0470.000 
04/1.000 
04/2.000 
04/3.000 
0474.000 
0475.000 
0476.000 
0477.000 
0476.000 
0479.000 
0400.000 
0481.000 
0402.000 
0483.000 
0404.000 
0485.000 
0408.000 
0467.000 
0486.000 
0489.000 
0490.000 
0491.000 
0492.000 
0493.000 
0494.000 
0495.000 
0490.000 
0497.000 
0490.000 
0499.000 
(600.000 
0501.1)(0 
0502.000 
0503.000 
0504.000 
0505.000 
v5(10.000 
0507.000 
0500.000 
0509.000 
0510.000 
0511.000 
0512.000 
0513.000 



WNE.N = 'Y' 
GOT° 1000 

187 IF(ICHNGNil.NL.16)GOTU 195 
STOP = 
G010 1000 

195 GOVU(200,210,220,230.240.2i0.280,270,2 8 0 , e 9 0.300.310,320)1CHNGN0 
200 4k1TE('UT',205) 
205 FukMAT(' INPUT RUN NumgER RANGE') 

READ('UT',*)1RUNST,TRO4FN 
GOTO5 

210 wRITL('U1',215) 
215 FORMAT(' TNPUT PULSE NUm6ER RANGE') 

READ('UT 1 , 1 )1PUL3TtIPOLF4 ■4 
GOI05 

220 4RITE('U1',225) 
225 FURMAT(' ALL BINS? (Y UR W I ) 

READ('UT 1 ,226)AL6TN ,C4 
226 FulimAT(A1) 

GOTO5 

230 WRITL('Ul',235) 
235 FORMAT(' PEAK? 	oR N) 1 ) 

kEAUOUT',e26)FFRKYA 
UO105 

240 NWITEOUT',2451 
245 FORMAT(' PLAK PrISTTION: (Y Ok N) . ) 

READ('uT',226)MkPOSYk 
GOTO5 

250 ARITL('U1',255) 
255 FORMAT(' ONF PARlICOLAN bro? (Y uR v)') 

READ('UT 1 ,286)omtoNyN 
GOTO5 

260 wRITWO1 1 ,2(55) 
265 Fukr4AT(' gIM NumdEk?') 

ktAP 1 'UT' t *)1PINNO 
GOTO5 

270 4RI1L('UI',275) 
215 fURMAT(' pkTNT Tu SCRELN? (Y OW N)') 

REAOl'UT',226)PWScYN 
6014)5 

e60 voi11E('UI',P65) 
265 FukmATO PkIRT Tu PAREk? (Y UR M)') 

REAOl'(IT',e26)FRPAYI 
GUTO5 

290 wRITtOu1e,2951 
295 FORMAT(' pL01 UAW: (y OR N)') 

ktA0('OT',226)PLUAY4 
GOI05 

3110 aR1TWoll,305) 
305 FoR‘IAT(' SIATTSTICS? (Y UR 

RLAol'uT',226)STATYN 
60105 

310 AklIt('ol',315) 
315 FoRmATO miSIOL,RAm? (V Ok .)') 

ktAnl'OT',2261oTSTYN 
60705 

320 edRITC('ol',3e5) 
325 FORMAT(' AutUCURRELAIIUR? (Y Ort 0,0') 

0514.000 
0515.000 
0516.000 
0517.000 
0516.000 
0519.000 
0520.000 
0521.000 
use2.000 
45e3.000 
0524.000 
0525.000 
05e6.000 
0Se7.000 
0526.000 
0324.000 
0530.000 
0531.000 
0732.000 
0533.000 
0534.000 
0535.000 
0536.000 
0537.000 
0536.000 
0539.000 
0540.000 
0541.000 
0542.000 
0543.000 
0544.000 

0545.000 
0546.000 
0547.000 
0546.000 
0549.000 
0550.000 
0551.000 
0552.000 
0553.000 
0554.000 

0555.000 
0550.000 
0551.000 
0556.000 
0754.000 
0560.000 
0561.000 
0502.000 
0563.000 
0564.000 
0565.000 
0566.000 
0561.000 
0566.000 
0569.000 
0570.000 
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REAO('UT',276)ADTOYA 	 0571.000 
G0105 	 05/2.000 

1000 wRiTt('urt,ivio) 	 0573.000 
1010 FORMAT(' **** ENU &AEA ALTtRIN6 ROUTINE ****') 	 05/4.000 

IF(PRPAvN.E0.'Y')GulU 9999 	 0575.000 
IF(PRpAyN.ED.'N')GUTU 9999 	 0 5 16.000 
wR1TE(1,10) 	 0571.000 
NRITE(1,*) 	 0576.000 
wRiTt(i,eo) 	 0579.000 
eiRITE(1,30)1H11:4si,IRulFN 	 0580.000 
aRiTL(1,40)TPuLs1,1puLFN 	 05431.01.10 
wHiTL(1,70,ALBINym 	 uscseom 
wRITE(1.6n)Ptwo 	 v5o3.0v0 
6RITE(1,70)PKPOSYN 	 V5ou.000 

NRITE(1,80)0kFtsNYN 	 (1585.000 
IF ((iNENyN.ti).'N')GUN 2000 	 0586.000 
oRITt(1,90)10INNU 	 V587.000 

. 2000 RRITE(1.*) 	 05o8.000 
owITt(1,110) 	 0509.000 
RRITt(1,120)MRSCYN 	 0590.000 
RRITE.(1,130)PPPAYN 	 0591.000 
wRITt(1,140)PLUAYN 	 0592.000 
rehl1E(1 1 *) 	 0593.000 
RR1Tt(1.150) 	 0594.000 
wRITE(1,160)sTATYN 	 0595 .0 00  
RRITE(1,170)IISTYN 	 0596.000 
RRITE(1.1AulAul0Y9 	 0591.000 
ARITE(1,*) 	 0598.000 

9999 IBINNO = IbINNU 	LENGIH 	 0599.000 
RETURN 	 0600.000 
ENU 	 0601.000 

C 	 0602.000 

C 	 0603.000 
C 	 0604.000 
C 	  suoliouTiNL uEtritAu 	 0605.000 

subRumiNE GETHEAD(FILIER,LENFILI,INuRUN,JsiA41,16TOP,NUNt) 	 0606.000 
C 	 0607.000 
C 	THIS R0UIINE EXTRACTS IRE HEADER I.*FURMAIIUN. 	 0606.000 
C 	 0609.000 

CUMmON /UAIA/ IRDR4(3),JOUF(192) 	 0610.000 
UIMEASioN FILTER(32),II - L(32) , INDR4(3),IRUrdiA1(58) 	 0611.000 
LUG1CAL NoNE 	 0612.000 
NONE = . 19(1E. 	 0613.000 
DJ 100 I=1,s7,e 	 0614.000 
IF(TRUNDAT(1).LF.INDRUN.ANU.INURuN.LE.IRUNuA1(14.1))NUNt=.FALSE. 	0615.000 

100 GuNT1NUE 	 0616.000 
1F(NUN) GUTu 20 	 061/.000 
REAU(P,PEC=INntom,IDSTAT=TERIOIR0PA,ISIARI,IsfuP 	 0616.000 

IF(ItRk.iJE.01 v. ,i1TE('JT',WERROR i. bt1HtA0' 	 0619.000 
CALL SfAU=C lirmku(2),PRF,LENFILI,ILRJ 	 0620.000 
Uu 	 opel.uuo 
I- ILTtRtil=FLDAI(tihlIF(IDDR4(3),1-1,1,1tH))*2-1) 	 0622.000 
ENU DO 	 062.5.000 

2U CUNTINJE 	 0624.000 
RETURN 	 0625.000 
OAIA 1RoNoAT/ 	 0626.000 

6 	1, 	e5, 	Pt), 	50, 	60, 	/8, 1(a), 110, 115, 155, 	 Ube /.000 
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& 15 8 , 240, e49, 312, 314, 3e8, 329, 344, 34t, 3b0, 
6 	364, 375, 381, 391, 393, 403, 663, bde,1010,1023, 
6 1031,1046.1059,1065,1075,1067,1u9 7 ,1106,111e,1119. 

• 1126.1136.11 4 3.11 4 8.11 49 ,11 5 5.1 179,1160 . 1194 , 1 2 0 6. 
6 1215,1234.1241,1247,1360,13/4,1383,13 977 

 tNU 
C 
C 
C 
C 

C 
C 
	

THIS RUUIINE 6t76 96 PULSES FRUH THE UISA, AND RETURNS wilH THE 

C 
	

NumiER Or unIJD PuLSFS (4(1 .460U0) ANU AN AHHA (kETUkNS) F1LLEU h1TH 

C 
	

1Ht (Am RETURNS. 
C 

LuGICAL Gou0 
CUmMUN/17ATA71Hu94(3),IoUr(19e) 
COmmuN7ArtkAYS7 ALHNSC(2000).ALHN6C2(20007,kElOkNS(96,3 2 ). 

6 	AVGC0k(631,sT6COR(63).(HsTH1N(65).1HSTeK( 6 5),IHSTFUS( 6 3). 
6 	HAU10(2000),PAuf0(2000),AUTuB1N(4000),AUTuPK( 4 000) 
LOGICAL N(tflRF 

Num = ISIAki + Aon(INDPOLS.96) - 1 
READ(304EC=61)4)IbUr 
N=1 
UU K=1.96 
6uuD = .IQuE. 
UU L=1.32,2 
RETuHNS(N,(1+11/2)=RLOOK(IdITFLI0uF(2*K-1).L - 1.2.IERR)) 

IF(Ar1S(kETUPI4S(N.(L+1)/2)).G1.1.1)bjuu=.rALSL. 
tNU 00 
DO m=33.6/1.2 
HETIJHNS(N,01+1)/21=4L0OK(Iu1TF(IuNFt2AK).71-3 3 .e.lEkk)) 
1F(A6S(9LTURNS(N.(m+11/2)).M.1.1)60uU=.tAtSt. 
t 6,10 ou 
1F(G000) N=N+1 
ENU UN 
1.0m6uOu = N-1 
NOM(JNE = .FALSt. 

IFlmum.Eu.ISiOr)NOMUHE = .TRUE. 
ktIHRN 

END 
C 
C 
C 

tONC(IoN 9(.(I0k(fLOut) 
1PtSt = ICUot + 1 
StLEC1 CASt 
CASE 1 

RlnuK = -1.0 

CASE 2 
k1.0uK = 0.0 

LASE 3 
k(.0uK = 099.0 

CASE 4 
wolux = 1.n 

0628.000 
0629.000 
0630.000 
0631.000 
0632.000 
0633.000 
0634.000 
0635.000 
v636.000 
 5/.000 
0636.000 
0639.000 
0640.000 

0691.000 
0042.000 
0643.000 
0094.000 
0695.000 
0046.000 
069/.000 
0648.000 
0699.000 
0650.000 
0651.000 
0652.000 
0653.001) 
0654.000 
0655.000 
0656.000 
065/.000 
0658.000 
0659.000 
0660.000 
0661.000 
0662.000 
0663.000 
0664.000 

0665.000 
0666.000 
0667.000 
0668.000 
0669.000 
0670.000 
0671.000 
0072.000 
06/3.000 
1)674.1)01) 
06/5.000 
0676.000 
0677.000 
ub/d.000 
06/9.000 
0660.000 
0661.000 
0662.000 
0663.000 
0664.000 

SN6RUUTINE 6FPULS 
SubRUU(14E (;1PuLS(IN(RUN.INOPuLS.NUm6uUD. NuMURE,1STAR1rIbT O Po 

• LINFILT) 
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ENO SELECT 
RtTOHN 
	 0b05.000 

END 	
0066.000 
06d7.000 

C 	 Ubod.000 
C 	 06d9.000 
C 	 0690.000 
C 	  SuORUONE LOWILL 	  0b91.000 

SUbROUTINE CUPRFL(CORR,CUDL,FILTER,LEN6FH,PEAK,PKPUS,  0692.000 
& 	PbL,R1SL,LENFILT,RLPG) 0093.000 

C 	 0694.000 
C THIS ROUIINF cALLIILATF5 THE CORRELATIuN Or A LUUE 1100UGH A FILTER. 	Up95.000 
C IT ALSO LALuLAFFJ THE PEAK,PEAK POSIII0i, rEAK SIDELu3E, ANU 	 0696.000 
C THE IHEURATED SIDELUHL LEVEL. 0697.000 
C 	 0b95.000 

DIMENSION C9NR(63),CuUt(32),rILTERI32) 	 0699.000 

CUHA4UWAHRAYS, 4L1)4SC(2000),ALuNsCeleu001,kEldr<NS(96,32). 	 0/00.000 
& 	AVGC0i(031,STuCuRt63),IHST.41N(65),Irislpn(65),IHSTPUS(63), 	0701.000 
6 	BAll1nl200U),P4UTO(2000),AUTOAIN(4UUU),ALITUPK(40U0) 0702.000 

LENCUR = 2 * LL ,IuTH - 1  0703.000 
UU 10 I = 1,LENCuR 	 0704.000 
COHR(I) = 0.0 	 0705.000 
IND = I - LENGIH 	 u/05.000 
IF (IvU.LT.0)GuTu5 	 070/.000 

ILUN = I 	 0/0)3.000 
IHIGH = LENGTH - INO 	 0709.0,0 
GOTO 7 	 0710.000 

S ILON = - IND + 1 	 0711.000 
'HIGH = LENGIH 	 0712.000 

7 Du 20 J = IL(1w,THT6H 	 0713.000 
CUKRLI) = CIINP(I) + COUE(J) * rILTEP(I + J - LEN6TH) 	 0714.000 

20 LUNT1NuE 	 0715.000 
10 CONTINUE 	 0716.000 

PEAK = 0 	 0717.000 
Du 3U I = 1,LFNCOR 	 0716.000 
Ir(A6S(cuRR(1)).LF.AuS(PLAK)/GUTu30 	 0719.000 
PEAK = CUR ,((I) 	 0720.000 
PKPOS = 1 - LENGTH 	 0721.000 

SU CuNTINuE 	 0/22.000 
PsL = 0 	 0723.000 
NISL = 0 	 0724.000 
Uu Av 1=1,LFNcu4 	 07e5.000 
Ir(CJI4R(1).Fu.PFAK)GUED 35 	 0/26.000 
NISL = RISL + trURH(1))**2 	 07e/.u0U 

35 IF(CORk(1).Fu.PFAK.OK.Ais(C9RRLI)).LE.PSLA,00040 	 0728.000 
PJL = ARs(UMPIT)) 	 07c9.000 

4U CONTINUE 	 0/30.000 
IrtRISL .FU. 0.) RISL = . 000000o1 	 0731.000 
It.(HsL .E1. U.) r5L = . 00000001 	 0/32.000 
NISL = RIsL**.3/(A(PLAK)+.00000001) 	 0733.000 

PsL = PSL/lAbSOL4K)+.00)00001) 	 0734.000 

HLPG = (Arib(PPAK)+.00000001)/LEWILI 	 0735.000 
HtluHAI 
ENU 

	 0735.000 
0/37.000 

C 	 073/3.00u 
C 	 0739.0)0 
C 	 0/40.000 
C 	  SUHHOUTNE CORKELL 	 0741.000 
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SuEHROUTIHE 	CuRHFLI(CuRR,COUE,FILIER,LEN6 1 H1 
C 

u/ue.Uu0 
u/4.5.uU0 

C 	THIS ROUTINE 	CALCIILAIES 	THE 	CORRELATION ut- 	A 	[Amt. 	ToKouGH 	A 	PILIER. 0/44.000 
C 0/45.000 

DIMENSION 	Cflotlit0Ou1,CO0E(2000),FILTER(eUu 0 ) 0/46.000 

CuMMON/ArepAYS/ 	ALaNSC(2000),AL6NSC2(2u 0 o) , NElok ,4 0 ( 46,3 e) ,  0747.000 

& 	AVGCON(6i),STGCONl63),IHSF6h1(6D) , IHSTHK( 0 5), 14 STPU 5 ( 03 ), 0748.000  

6 	BAuT0120Ou),pAu10(2000),AUTu3IN( 4000 ) , AufUPK( 4 0 00 ) 0149.000 

DU 	10 	1=1,LENGIN 0/50.000  

CuRR(I) 	= 	O. (1751.000 

K 	= LEuGIH 	- 	I 	+ 	1 0752.000  
Ott 	2u 	J=1,6 0/3.000 

CuRP(.11 	= 	CORI4(1) 	+ 	COOE(J) 	* 	FILThqlst 	+ 	1 	- 	11 0754.000 

20 CuNTINuE 
10 CONTINUE 

ulju i 	u  l/!!.
U0u0  wETuRN 

LNU UO uu 

u/ 57. 

C 
C 
C 

C  SD3H0UTINt SLAT   

0759.000 
0/60.00u 
0761.000 
076e.000 

So0ROt01E 	SEAT(LENGTH,ALHINYN,PLAKYN,COKK, 0763.000 

1. 	PEAK,PKS,PKS2,PKPUSY:JOIOSS,POSScrenPoS , ONc8NyN,ONEdNS ,  07b4.000  

ONEEPuS2.IDThNO,PSL,HISL,SOMPSL,SUMISL , SWO'SL2 , SOMI 5 L 2, 	. 0165.000 

& 	Rt_PG,SumLPG,sumLPI,2) 0166.000 
u161.000 

C 	THIS 	SUBROUTINE 	sAvES 	1HL 	°Ail% 	'4LCEssAtiy 	tUR 	LALL:ULATING 	IHE U/bd.U00 

C 	REQUESTED 	STATISTICS 	IAFORAATIOv. 0/o9.UU0 
C 07/0.000 

DIMENSIO1 CnHPL6s) 0711.000  
CUmmuN/ARRAVS/ 	ALHNSC(2000),ALwq$CeLeuuu1, 1 1ElokNS(9 6 , 3 e) ,  0172.000 

AVGC011(631,STIJCURkb3),IHST4INV55 ),INSTPK(),IHSTPOS( 63 ), 0//3.000 

& 	BAuT0(2u(U),pAuf9(2uu0),AUTudIN(40 0 u),AuTupK( 4 0Uu) 0774.000 

LLNCUR = LENuTH * 2 - 	1 0/75.000  

SumP3L = SumPSL + P3L 0/16.000 

SuMPiLd = *omsasie 	+ PSL**2 0777.000 

SOHISL = sUoISL 	+ R1SL 0718.000
74.0tu SuMISL2 = SumISL2 + RISL**e 0719.000   

SuMLVG = U700.000 

SUMLVG2 = silmt_PG2 	+ 	NLPG**e uld1.000 

Ir 	(ALHINyN.L(J. , N , ) 	twit) 	15 ur62.000 

UU 	1V 	I 	= 	1,LENCLJH 0/63.000 

AL6NSC(Ii 	= 	AILINSC(I) 	+ 	Cw0.2(1) 0/64.000 

WiNSce(1) 	= 	ALiwsce(t) 	+ 	(CuRK(1))**e 0,85.000 

10 CONTINUE 01013.000 

15 	1,-- (PLAKYN.LQ. 1,0) 	(Alp 	eu u7s/.000 

Fics 	= 	PK0 	+ 	PFAK. u/06:uu0 

pK52 	= 	pKse 	+ 	PEAK...2 0/09.000 

2U 	If 	(egruayN.L(. 1 .0)GurOhu 0/40.000 

MOSS = POss + el(PnS u/91.uuu 

puSse 	= eosse 	Pp:1, 04**d 0192.0(g) 

6U 	IF(0NEoNTN.Fq.',P)G3lod0 u743.000 

UNtEINS 	= 	ONEtiNS 	LOKr4(friF4W0) 0794.000 

uNEHNSe 	= 	uALHAse 	* 	lcu;21.4(IliINNu) **e1 0/95.000 

dU WEIUk N 07,,o.Uu0 

ENU 0791.0(10 
C 0/98.000 
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C 	 0799.000 

C 	 0800.000 

C 	  SuUROUIINE MIST 	 0601.000 
SW:Al/MINE H1SI(LENG(H2ONEuNYN.I6INNU,PLAKYI.PEAK,CORR, 	 0802.000 

6 	la&PUSYN,PAPUS) 	 0803.000 
C 	 0804.000 
C THIS SUbRUUTINE NrOATES THE FILES NECLSSAHY FUR PHDUUCIAIG THE 	 0805.000 
C HISTOGRAMS. 	 0306.000  

C 	 U807.000 
UIMENSIOA ICU4H(b3),CORR(63) 	 0808.000 
CUMMUN/AkRAYS/ AL4NSCl20001.ALbMSCe(2 00 0).HEIONNb(98.3e), 	 0604.000 

& 	AvGCOH(E3),ST6CuR(63),IHSI5IN1651, 1 HbleK(b5),IHSTPUS(03), 	 0810.000 
6 	8AUIG(2000),PAP10(2000),AUTU8IN( 4 0 0 0),AUfUH6( 4 000) 	 1)811.000 

LENCup = 2 * LLNGTH - 1 	 081e.000  
U0 10 1 = 1,LENCNR 	 0813.000 

ICOPH(I) = ( CoHR1T) + .5) 	 0814.000 
10 CONTINUE 	 0615.000  

IF (UNEN.Er.!.'N')GoTU30 	 0818.000 
IHSTLTIN((cURH(iiiiNNO)+LENGTH+1)=1HST8IN1ILuHN(161NNO)+LENGIm+1)+1 U817.000 

30 IF(PEAKYN.LO.'N')GUTu50 	 0818.000 
. IpEAK = IptAK + .5) * LENGTH + 1 	 0814.000  

IHSTPK(IPEAK) = IHSIPK(IPEAK) + 1 	 08e0.0u0 

50 IF (PKPOSyN.En. 1 .+ 1 )6uT070 	 08e1.000 

idSTPob(PKPOs * LENGIH) = IHSTPOS(PKPuS t LENGTH) + 1 	 0622.000  
08d3.000 70 HEITIHN 

ENO 	 08e4.000 

C 	 Ude5.000 
082b.000 

C 	 0827.000 

C 	  SulikOuTINE Aur01: 	 0828.000 
SU0ROWLvE AuT0c(CORR,PEAK,PLARyN,UNtbNyN,IIINNOrTsOFAR) 	 U6e9.000 

C 	 0830.000 

C THIS HOUTIliE uPuArFs Trit FILES NFCESSAHY FUR IHE AUIOCOHRELATIUN 	0831.000 
C OF IHE RETURN SIGNAL'S CORRELATIONS. 	 083e.000 
C 	 0833.000 

UIMENSION CORRIf.,3) 	 0834.000 
CUMMuN/AHRAYS/ ALONSC( 20 00),AL04SCe(e 00 0),HEIHHNs( 9 6, 3 e) , 	 0835.000 

& 	AVGCOR(E.3),SIGCUR(65),IHSIb1N165),IHsIPA(05).1HSTPUS(b3), 	083().000 
6 	(JAbTO(2000),PAMU12000),AUTURIN14000),AUTuPK(4000) 	 0837.000 

IFIONEIJNYN.EW.'N'T1O1010 
• 	

0838.000 
dAUTu(ISUFAR) = LR(IdINO) OP 	N  0839.000 

10 IF IPEAKYN.Fu.'N'10010e0 	 0040.000 
PAuTU(iSOFAR) = PEAK 	 0841.000  

20 HEItiK 	 . 0842.000 AI 
ENU 	 0843.000 

C 	 0844.000 

0045.000 

C 	 084b.000 

	  SUH 	h ROUT1L ..HApUF 	 v647.000  
Su8HUUIT14E vircAruHILEN6rH,ISOt- AH,STATyN, 	 0898.400 

& 	0'4E8NTN,HAV6.r1 sIG,ONEoNS,uNEHNSe,PtAioN,P6AVG,P6SIG, 	 0849.001) 

& 	P&S,PK5e.PKP 1 SYN,PKPoSAV,PKFOsS 6 ,PuSS,PoSL)2,AUTuYN, 	 0850.000 
, 6 	SuMPSL,s0IiIbLeSumPSL2,SumISL2 , PSAVufeSSIG,HIAvG,HISIG. 	 0651.0 0  

6 	SuroLRG,supiLeGe,RLRGAvG,KLpGsii , ,LtNriLi,e3LcuA,RISLCUm,RLFGCUm) 0852.000 

C 	 urs53.000 

C 	THIS NOMENt IA&ES CARE or IHE uETAILS Ur THE HISTobRAm, SIATISIICS 0854.000 
C ANU AuTUcuRRELA1T0H FUZ110As pito 6EHE NOf tAIsILY PERFUNmE0 IN 	0855.000 
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C 	THt ITENAT/VF LorIPI;4G STRUCTukE OF IhE Ulrikk bu 6RUOINES. 	 0656.000 
C 	 065/.000 

CummUNimiRArS, ALANsC(2000),AL 8 NsC2(2 0 00),KEI0kNb(96.32), 	 0558.000 
& AVGC1K(63),SINCu9(63),IMSTuIN(651,1hs(Ph( 0 5),IHSTPUst85), 	0659.000 
• bA0t0(2000),PAOT3(2000),AUTubIN14000),AufupK(4000) 	 0660.000 
LENCUR = 2 * LENGTH - 1 	 0861.000 

C * aRAPuP FUR STATISTICS * 	 0862.000 
IF(SIATyN.LQ. , N')GuTU50 	 0665.000 
UU 10 1 = 1,LEUCUR 	 0064.000 
AvGCuR(I) = AL6NSC(I)/1SUFAR 	 0865.000 
SIGCURII/ = (ALRNSC2(I)/ISuFAR - (Av6Luk(1))**2)**.5 	 0666.000 

10 CuNTINuE 	 086/.000 
PSAvti = SullPaL/ISOFAN 	 0606.000 
PSS1G = 20*AL0610((SUIPSL2/IS1FA8 - PbAvb**2)**.5) 	 0669.000 
NIAV6 = aumISL/TSnFAw 	 0610.000 
HISIG = 20*AL0610(ISU4ISL2/ISDPAK - R1AVu**2)**.5) 	 0811.000 
OLPGAVG = SU•LPG/TSOFAR 	 0612.000 
RLPGSIG = 20*AL101U((SumLPG2/ISurAw - KLPGAVO**2)**.S) 	 0873.000 
PSAvG = 20*AL0610(PSAVG) 	 0614.000 
RIAVG = 20*ALOU1u(H1Avu) 	 0875.000 
HLPGAVG = 20*AL1010(8LPGAvG+.000011) 	 0876.000 

C 	CALCULATE PSL,1SL, AND LPG FUR AVE8AGE LORktL4I08 UuTPUT. 	 0677.000 
PKCOM = U. 	 0878.000 
1'SLCUM = 0. 	 0679.000 
RISLCOM = U. 	 0860.000 
110 25 I=1,LENCUR 	 0881.0)0 
KISLCOm = kTSLCOm + AvGCUR(I)**2 	 0882.000 
IFIPKCUM.GE.A1S(AVGC0R(I)))GuTU25 	 0665.000 
PSLCUM = PKCOM 	 0884.000 
PKCOM = ABS(AV6CUR(1)) 	 0665.000 
GUT° 25 	 0886.000 

23 IFIPSLCOm.GE.A8S(AVGC0k(I)))6OTO 25 	 0687.000 
PSLCUM = AUSIAV(,COW(1)) 	 0888.000 

25 CONTINUE 	 0669.000 
C THt NEXT LINE SURTPACTS THE PtAK FROM ISL CUNSfuERAIIUN. 	 0890.000 

R1SLCOM = KISLOIN - PKCOM**? 	 U691.000 
PSLCUM = 20 * ALUG10(PSLCON/PKCom) 	 0892.000 
HISLCOm = 20 * ALOG10(4ISLC1)m**.5/PKCOA) 	 0893.000 
RLPGLOm = 21 * AL1610(PKCOm/FLuAi(LeNrILT)) 	 0894.000 

2U IFIONE8NTN.E61.'N')GOT030 	 0695.000 
bAVG = 0NE8NWISUFAR 	 0896.000 
65I6 = (0Nt1NS2/1SOFAR - HAVG**2)**.5 	 0 897 .00 0  

30 IF(PtAKY1v.t0.'.0)GUTU40 	 0899.000 
PKAvu = PKS/1SuFAR 	 0899.000 
eKsT6 = ( pKS2/1SuFAR - PRAVG**e)**.5 	 0900.000 

40 11- (prPUSYN.Eu.'N')GOIn5U 	 0901.000 
HKPos*v = Pn8S/701-,18 	 0902.000 
rocP08S6 = ( PuSsP/ISuFAH - PKPOsAv**2)**.5 	 0905.000 

50 CuNT1uF 	 0904.000 
C 	 0905.000 
C * ANAPUP t-Ok mlSIOGRA 	- ,40 ,4L t4EL0t1) * 	 0906.000 
C 	 0907.000 
C * ANAPUP FUR AuTuCoPKELAlION * 	 0906.000 

IF IAOlurri.Ew..)1,J1oLo0 	 0909.000 
C 	THIs SECTIo4 ALIEKS HAd10 AM) Poollo TO F11 Tht KEuti1mmENI8 01- lilt 	0910.000 
C AuluCoRHELArrom ANALYSIS. 	IF 1HE SIANOARU UtVTAlION OF Ellmtk OF 	0911.000 
C 	Pit VAR 1AOLEF TS VVHV smALL. B1tt, THAI VAR I AnLV IS SVT r (MAI Tn 	ncliS Innt 
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C THE RECIPRDLAL OF THE 10m8Em OF PULSES PmuLtssEu SO FAR. u1HERNIat U913.000 
C THE MEAN iS RemoVED FROM INE VARIABLE* ANU THE RESULT IS UlvlUEu 	0914.000 
C 8Y IHE 6TANOAMD DEVIATION AND 1HE SUOARt IOU1 Ur lHt NO48t91 OF 	 0915.000 
C PULSES P4OCtssF0 SO FAH. 9,1HEI9 ImE FESUL11146 ARRAY IS PHLLEbaEo 	0916.000 
C 1140u6N THE SIANDARU LOkRELATION FUNCIION, lmt RESULT la IN THE 	0917.000 
C UES1HtD FuRm: 	 0918.000 
C 	Oul- PUT = SUP1(X(11-4tAN)*(X(I-J)-mtAN))/bUm(1X(1)-mEAN)**2) 	 0919.000 

IF(AbI6.6y..000001)GOTO 60 	 0920.000 
DO 61 1=1,1SuFAR 	 09e1.000 
8AUTu(I) = 1.0 / FlAAT1ISOFA1)***5 	 0922.000 

61 CONTINUE 	 u9e3.000 
G0106? 	 09e4.000 

60 Du 63 1=1,ISUFAR 	 u4e5.000 
dAulu(l) = (0AUT0(1) - dAV0)/(FLuAT(IsurAN)**.5*0316) 	 092b.000 

09e/.000 63 CWITINUE 
be IFIPKSIG.0..(00001)6010 6 4 	 u928.000 

U0 65 1=1,1sOFAR 	 0929.000 

PAUTU(1) = 1.0 / FLUAT(ISOFAH)**.5 	 0930.000 

65 CuNTIwUE 	 0931.000 

0010 69 	 0932.000 

64 UU 6b 1=1,151/PAP 	 0933.000 
PAUTu(1) = (RAuTu(I) - PKAVG)/1FLOAf(ISOFAM)**.5*PKSIG) 	 0934.000  

bb CONTLJUF 	 0935.000 

69 IFIONF6NYA.FN.'N'16oTo/0 	 0930.000 

CALL CuRHEL1(AuTu11149HAUTO,BAuTO,T6OFAR) 	 0937.000 
70 IFIPtAAYH.t11. , N 1 /GoTO100 	 0938.000 

CALL cORNELI(AOTOPK,RAOTU,PAUTu9ISUFAH) 	 0939.000  
0940.000 100 HEILIHN 

Lw 	 0941.000 
C 	 0942.000 

C 	 0943.000 

C 	 0944.000 

C 	  SubROOINE JAIA0O1 	 945.000 

SubRUOTINE DATAOUTISIAlyN,HISTYN,AUFOTH*AL8INyw,11\ILEINYN,I3INmO, 	0940.00u 

6 	PEAKYN,PKFOSY19,FKAvG,PK516,PKPuSAV*PKPuSs0,0AVG9dSIG*1611FAR, 	0947.000 

Ltt0fH,PSAV0,eSalu,d1A1/69mISI0,19LP6AvG*KLPGsI6,PSLLUm. 	 0948.000 
R13LCUM,PLP6COmpINnRIIN,PRPAY4,PLI6UUU) 	 0949.000  

C 	 0950.000 

C 	THIS RUN 	 i9 RU(IIINF PRTT3 uR PLOTS THE DATA AS SPECIFIED OY THE USER. 	0951.000  

C 	 0952.000 

COMMOD/ARRAYS/ ALMNSL(2000),AL0VsCe12000),REIUmNs(40,3e), 	 0953.000 
es 	AVGCOR(03J,STuDUR163),1H5TN1 ,116519imsTFK(05) ,INSIFUS(b3), 	0954.000 
6 	RA010120D019PAHT1(2000),Au1uB1N14000),AU1UPA(4000) 	 0155.000 

ININOU = /HINNO 	LEH6I4 	 0950.000 
IF(PHPAYN.t9. , N')GufU 90 	 095/.000 
wRITt(194 0 7) 	 09543.000 
iNqITt(1,908)114UP0m 	 099.000 
mmI1t11,99/1 	 09b0.000  

997 FoRmA1(9 	  9) 	 0901.000 
998 FummATO p•ALY0I0 OF RU1 NUm0E 10 ,15) 	 0962.000 

mRITt(1,*) 	 0903.000  
C*** a1A1I3TICa 1 , n- oR•ATIO,v *** 	 0404.000 

IF la1ATYr.FU.'m . 1601 1150 	 0905.000 
0966.000 o011Tt(1,9.99) 

999 FuNmAT(' 	 SFAIIStIcs hFPOHT 	 9) 	 0907.000 

aR1Tt(1,*) 	 0900.000  
IFtALNI"JYN*EN.'N'10UTO 2U 	 0969.000 
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wRITc(1,1000) 
10UU FuNMAT(' 	AVEHA0E 	CURRELATOR 	00IPUT 	(VuLTS): , ) 

ARITL(1,1n01)(AV6CUR11),I=1, 6 3) 

wNITE(1,*) 

0970.000 
0971.000 
0972.000 
0973.000 

1001 	FURNAT(' 	1 ,P1FS.1) 0974.000 

milITL(1,1n02) 0975.000 

1002 FLIRMAT(' 	STANDARD 	DEVIATION 	OF 	CURRkLATOR 	0 1)IPUT:') 0976.000 

WkITL(1,1001)(5I6CUR(I),I=1,63) 0977.000 

0141%000 0978.000 

WRITL(1,946)PCIPu00 0979.000 

996 FuRMAT(' 	1 .F5.1,' 	PEHCENT 	OF 	THE PULSk5 otKE GUOU') 0960.000 

wRITL(1,995)1SuFAR 0981.000 
995 VuetHAT(' 	'.15,' 	POLStS WERE 	PRuCtSSEU') 0964.000 

wRITE(1,*) 0963.000 

20 	IF(PLAKyN.kfl.'N')GUTU 	50 0484.000 

eiRITL(1,1003)P6Avg 0985.000 

AUFKAGE 	PEAK 	CORRLATUR 	OUIPuT:',V5.1, 1 	VOLTS') 1003 	FOKMAT(' 	 P_ 

vtITc(1,1004)1.-KSIn 

0986.000 
0967.000 

1004 Vuk4ATO 	sTANOAPU 	uEVIA(ION OF 	ptAn 	uUTPU1: 1 ,F5.1) 0988.000 

.11411t(1,*) 0989.000 

30 	Ir(PKpuSYN.Eu."1')G0f040 0990.000  
OkIfL(1,1005)PKPuSAV 0991.000  

1005 FuRmAT(' 	AVFHAbE 	PEAK 	Po5ITIUN:',F5.1) 0992.000 

akITL(1,1008)PKPuS5G 0993.000 

vo1TE(1,*) 0944.000  
40 	IV(ONEBNYv.EU.'P1')GOT045 0995.000  

vi1Tt(1,1007)THIK1'D,8AVG 0496.000 

1007 	VURNATt , 	AvEkAuE 	OUTPUT 	OF 	dIN 	NU1fDER'.13,' 	IS 	'.F5.1,' 

mil7t(1,1008)PS76 

VULT5') 0Z= 

1008 	FuRMAT(' 	STANOARU 	DEVIATION: 	',E5.1) 0999.000  
wKITL(I,*) 1000.000 

votITL(1.*) lUul.uu0 

waITt(1,*) 1002.000 

45 ANITt(1,1100)P5AVG,PSLCUM 1003.000 

1100 	FORMAT(' 	AVVHA6F 	PkAK 	5IUELO8E 	LtVEL:'.V5.1,' 	Ud PSI_ !)v 1004.000 

AVERAGE 	 ud') 1005.000 

oilTt(1,1008)P5sIn 1006.000 

aqIft(109 1007.000 

wHITL(1.1102)P1AvG,q1SLCW4 1008.000 

1102 VOliMATO 	AvEHA6E 	INTLGRATEO 	5IUEL08E 	 ud ISL OF 1009.000 

6 	AVENAGF 	 1)8') 1010.000 

wH1TE(1,100)1 )91S1g 1011.000 
mNITL(1,*) 1012.000 

.INITL(1,1103)90,6AvG.4LP0Cum 1013.000 

	

1103 VoRmAT(' 	AVERAuF LOSS 	14 	Pk0CESSIN6 	 UB 
6 	AVEHA6F 	 08') 
wHITt(1,100A)PLpGS1; 

	

4 	1Tt(1,*) 14 
 

LPG UV 1014.000 
1015.000 
1018.000 
1017.000 

C*** 	HI5f(p,k44 	T..FUTruNI 	*** lu16.000 

Su 	IV(HISTy...k.o.'N') 	6010 	n0 1019.000 
IWITL(1,*) 1020.000  

ukITt(1,1009) 1021.000 
1009 VuRm4101 	 1SloGotAA REPuqf 	 1022.000 

InK1it(1,a) 1023.000 

Ir(PLAK4“.Eq.'N')GuTu70 1024.000  

nRITt(1,1010) 1025.000  

1010 	PukmAT(' 	NIS1066Am 	OF 	PtAK 	(PEAK 	IS 	1 	VULIS):') 1026.000 
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M1=-32 
M2=-11 

4HITE(1,1011)((.T.1,I=m1,m2) 

10e7.000 
10e0.000 
1009.000 

1011 	FoRMAT(' 	pLAK: 	 ',2214) 1030.000 
004ITL(1,1012)(1m6rPKII),I=1,22) 1031.000 

1012 	FORMAT(' 	ouCuRt ,,0-ES:',22I4) 103e.000 
wRITE(1,*) 1033.000 
M1=-10 1034.000 
mUITE(1,1011)(lI),I=m1,11) 1035.000 
wRITE(1,1012)(1HsTPK11).1=23,44) 1036.000 
ARITE(1,*) 1037.000 
NRITE(1,10111((T1,1=12,32) 1038.000 
wRITE(1,1012)(111JTPK(I),I=45,65) 1039.000 
WKITE(1,*) 1040.000 
IIMITE(1,*) 1041.000 

70 	IFIPKPu5YN.Fo.W) 	Go7U 80 104e.000 
ARI1t(1,1013) 1043.000 

1013 roRm4TO 	mISFO(P4h 	OF 	PEAK 	POSITION:') 1044.000 
M1=-31 1045.000 
M2=-11 1046.000 
wRITE(1,101 4 )((I),I=m1,m2) 104/.000 

1014 	FOHMATI 1 	pUSIT111N 	: 1 ,21'4) 1048.000 
WNIT6(1,1012)(ImSTPOS(I),I=1,21) 1049.000 

HRITE(1.*) 1050.000 
M1=-10 1051.000 
6RITE(1,1014)(1T),1=M1,10) 1052.000 
6HITL(1,1012)(1H0TPUo(1),I=22, 4 2) 1053.000 
w4tlIt(1,*) 1054.000 
milIt(1,1014)(lT).1=11.31) 1055.000 
NRITt(1.1012)(1mbTPJ(I),I=43,63) 1056.000 
ANITE(1, 0() 1037.000 
WHITL(1,*) 105(3.000 

80 	IF(0A6NYm.FN.'N')6JTO 	60 1059.000 
•k1TE( 1 .1015)Ib1NN0 1060.000 

1015 	FowmA7( 1 	HISI0(;4Am 	OF 	bIN 	NUO6t..0.13,' 	(OUIPol IS IN vULTo); , ) 1061.000 
M1=-32 ivbe.000 
M2=-1t 1063.000 
6NITt(1.1016)((1).1=M1,42) 1064.000 

1016 	FoRmAr(' 	ouTPUT: 	',e214) 1065.000 
ailTt(1,10i21(114070114(1),1=1,2e) 1066.000 
Ail1TL(1,*) 1067.000 
M1=-10 1068.000 
IN611t(1,1016)((T),I=i11,11) 1069.000 
viRITE(1,101P)(INST6114(I),I=23. 9 4) 10/0.000 
nRITL(1,*) 1071.000 
ARITt(1,1016,(1T),1=12,32) 10/2.000 
kmITt(1,101?)(1H3Tmli4(1),I=45,135, 1073.000 
IRIrt(1.*) 1074.000 
ANIlt(1.*) 10/5.000 

C*** 	AuT0C0RHELAIA(PI 	TI- nsrmATIoN 	*** 10/6.000 
60 	IFIAoTUYN.tn.'h') 	G310 	90 10/1.000 

kr4ITL(1,1017) 1078.000 
1017 	FORMAT('  	AMOC)RittLATI0N 	HEP0RI   I 10/9.000 

wRITL(.1.*) 1080.000 
IFIPLAKylv.tp.' ,0) 	Gil Iu 	100 1001.000 
wHITt(1,1018) 1082.000 

1016 	FdWmAT(' 	AuToCO46ELAIIONI 	OF 	PEAK 	Stuotivit:I) 1003.000 
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A 	= 	1SuFAR 	- 	1 
wRITL(1,102(1)(Aul(1PK(1),1=1,m) 

1084.000 
1085.000 

1020 FoRmAT(' 	ve15F8.4) 1086.000 

nk1TE(1.*) 1087.000 

wRITE(1,,,) 1088.000 

HRITL(10) 1001.0410 

100 1F(ONEuNYN.Fu.'N') 	GUT° 	90 1090.000 

ifiRTTL(1,1014)I8TNNU 1091.000 

1019 FUWMAT(' 	AuTUCuRRELATION OF 	OUTPUT FkUM tsIN NuMBER 1 ,13) 1092.000 

wRITE(1,1020)(AHTO8IN(I),I=1,K) 1095.000 

9u CuNTINuE 1094.000 

I8INN0 	= 	TuTivimu 	+ 	LENGTH 1095.000 

RETURN 1098.000 

ENO 109/.000 

suOkuuliNE 	SIADEC 	(IPARSA, 	PRF. 	ITCL, 	1ERI 1098.000 

C 1099.000 

C 1100.000 

C * 	 * 1101.000 

C * 	SubRuuT1NE 	STAUEC 	• 1102.000 

C * 	 . 1103.000 

C 1104.000 

C 1105.000 

CA 1106.000 

CA THIS subRnUTINt PERFORmS 	THE OECUOIvG OF 	THE FILL HEAUEk STATUS 110/.000 

CA 40R0 	INTO 	1Ht 	FnLLu41AiG 	PARAI, EtEms: 1108.000 

CA IPAR 	DISPLAY 	si.ITcH 1109.000 

CA IPAR CuNPuTER FLAG S4IICH 1110.000 

CA 1PAP 	Puv/Its1 1111.000 

CA SH8-PULSE LENG1H 1112.000 

CA PO 1113.000 

CA TRAN:ImiT COut 	LENGTri 1114.000 

CA THESE 	PARAHE1FRS 	AiE 	kETOW.Eu 	1(1 	THE 	USER 	viI1H 	THE HELP OF 1115.000 

CA SubP0U1INE 	TA9LE. 1116.000 

CA 1117.000 

IN1E6Eka1 	14041(12), 	IASCII(b) 1118.000 

CUMmUN 	/UATA/ 	1HuP4(31,15uF(192) 1119.000 

C CALL 	UNPACK(IHUP1,1A8C11) 1120.000 

ISTORE 	= 	IPANS4 1121.000 

C 	 PkF 1122.000 

IPRF 	= 	TriTIF 	TIsIORE, 	22, 	4 , 	1E 10'1 1123.000 

SELtCi 	CASE 	TPRF 1124.000 

CASE U 1125.000 

PRF 	= 4000. lleb.UuU 

CASE 4 112/.000 

PPF 	z 2000. 1128.000 

CASE 6 1129.000 

P4F 	= 	Invo. 1150.000 

CASE 	/ 1131.000 

el.& 	= 	50U. 1132.000 
CASE 8 1133.000 

PRI- 	z 	o000. 1144.000 

END 	SELECT 1145.000 

NR1Tt. 	ll. 	3'1, 	10S(8T 	= 	,48TATw) 	Pict' 1146.000 

C 	 IPAR 	DISPLAY 	S'0,11C0 1137.000 

IOC 	= 	101TF 	1Ibfukt, 	lb, 	1, 	1040 1138.000 

Nviu 	= 	4 1139.000 

INOX 	= 	17+4*I0C 1140.000 
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CALL TARLF(INDX0,40,1,1ERT) 	 1141.000 

C 	IPAR CWIPUiFti FLAG SIICh 	 1142.000 

IDC = 1411 -  (I6iuRE, 17, 1, IEH1) 	 1143.000 

NNU = 1 	 1144.000 

1NUx = 2+2*TUC 	 1145.000 

CALL TAHLE (11Ux, AND, 2, 1EkT) 	 1146.000 

C 	IPAR RUN/TEST 	 114 7 .000 

1DC = 16ITF (ISTURE, 16, 1, 1FHH) 	 1146.000 

wen) = 1 	 1144.000 

INOx = 9+IuC 	 110.000 

CALL TAHLE (14UX, iwU, 3, LENT) 	 1151.000 

C 	SUB -PULSE LENGIH 	 1152.0o0 

1DC = 18171-  (ISTURE, 19, 5, 1ER6) 	 1153.000 

NNU = 1 	 1154.000 

CALL TALE (1DC , Awl), 4, 1EHT) 	 1155.000 

C 	TRAN6mIT CUOL LENGTH 	 1150.000 

1DC = IH1TF (1STORE, 2u, b, IERL) 	 117.0u0 

JP2 = Ad 	 1156.00) 

TTCL = u 	 1159.0U0 

DU 1 = 1, 6 	 1100.000 

KH1T = 1011F (IOC, I-1, 1, 1EkC) 	 1161.uuu 

1TCL = IfCL4.1P2*(1 - K 6 11) 	 1162.U00 

1P2 = 1P2/2 	 1163.000 

ENn Do 	 1164.000 

wklIE (1, 35, IUSIAT = NSIAT.) 1ICL 	 1165.U00 

RETURN 	 110b.U00 

C 	FORMAT SIAIEMENTS: 	 1107.UU0 

30 	FONNAT1 , 1 1 ,35x,I ,, F: 	',F5.0) 	 1166.000 
35 	FoRmAT(19x, , IPANs'AIT COOL LENGIH: 	',le) 	 11b9.0u0 

ENO 	 1110.000 

SubRUUTINE TAHLE (INuEA, 	 1PARAh, itro4) 	 1171.000 

C 	 ilie.uuu 
C 	 1173.0(.10 

C 	 * 	 * 	 1174.0y0 

C 	 * 	SORRUuT1NL TAdLL 	 1175.000 

C 	 * 	 1176.000 
C 	 11/7.Uu0 

C 	 117d.UUU 

C* 	 11/4.000 

C* 	SoblquufINIE TAHLE PEAFglimb A fAbLE LOUK-UP IN ORDER TU ULPINE IIL 1160.0u0 

C* 	VARfulji PAr(Ar, FIFKS Oh !At 1PAR F1Lt MtiIJ k 3IAIUb nORD. 	 1101.0U0 

c* 	 lioe.ouo 
COMMON / TUULlIf / 	 NiLO, uNUR, JUTA 	 11d3.0U0 

CUMMUN / DVSIAI / NSTAII, 14SIATo, NSIATH, NSIA10, USIAIC, NSfAII, 1144.000 
6 	 AS1AIHO, NSTA1UO, •SIAINC, A6TANC, NmUuNT, 	1163.000 
6 	 •,JbmAT 	 116600U0 

ITAH(2e),L1r(3) 	 1107.000 

°Aft% ITAdpoi 60,4M SE1,4H 	e0,4 6  CL6. 4 6 40,4h 16U,46 	1U,41140U0,1166.100 

1 	 411 Rifil,4111tSr, 4 H 	,4600U,4M HA4,46140U,46 	)°,4h6U0U,1109.,0VU 

2 	 4HPAAFf4hIL 	,4H 	s4mD1G1,4NIAL ,4nrAPE/ 	 1190.0uu 

C 	lAITIALIZE L1TE1Av ANriAY 	 1141.0uu 

Du 1 = 1, 3 	 1192.Uu0 

LIT(1) = T1Ab1111 	 1143.000 

EA0 DU 
C 	JEFTAF THE SELEcIEU PANAEIFfi e'kUM Idt 1AbLE 	 1145.000 

Du J = 1, Nunrm 	 114b.0U0 

InFF = INntX+J - 1 	 1197.000 
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Llf(J) = ITAB(IUFE) 	 1198.000 
END Du 	 1199.000 
SELECT CASE IPANAm 	 1200.000 
CASE 1 	 1201.000 

,RITE 11, 10, IOSTAT = NSTATN) (LIM), 1 = 1, NelUNu) 	1202.000 
CASE 2 	 1203.000 

oiRITL (1, 15, IOSTAT = NSTATh) lL1111), 1 = 1, NAUNO) 	1204.000  
CASE 3 	 1205.000 

NRITE (1, 20, IOSTAT = NSTA1A1 lL1Tl1), I = 1, N110kU) 	1206.000 
CASC 4 	 1207.000 

ARITt (1, 25, IOSTAT = NSTAT6) (L'1111, 1 = 1, NINIUNU) 	1208.000 

END StLtCf 	 1209.000 
WETO.IN 	 1210.000 

C 	FORMAT sfAlEmENTs: 	 1211.000 

10 	FORmAT(11x,'IPAR nISPLAY Si.ITcN e0s1T10N: 	',344) 	 121e.000 

15 	F0NMAll14x,'IPAR cu4PulEk Flat SAIICH: 	',441 	 1213.000 

20 	FuNPAT(20x,'JPAP RUN/TEST: 	',A4J 	 1214.000 

25 	FuNmAT(23Wouti-POLSE LENGI. N: 	',A4J 	 1215.000 
END 	 121b.000 
SudRu0TD.E I h 	(INDN1, IASCII) 	 1217.000 

C 	 1218.000 

C 	 1219.000 

c 	 * 	 * 	 1220.000 

C 	 * 	SituRouTINE UNPACK 	* 	 1221.000 

C 	 * 	 A 	 1222.000 

C 	 1223.000 

C 	 1224.000 

C* 	 1225.000 
C* 	solikuulINF UNPACK SPLITS A S1 ,1 61.t brit INIO IwU SEPA0A1E 4-8IT 	1228.000 

C* 	61.0 uoANITIIts. 	THESE ouANTITIts ANt ItitN 054VENTEU FU ASCII 	1227.000 

C* 	FORMAT A'D SIONE0 IN THE HTTL 4KRAYt 'ASCII. 	 1228.000 

C* 	 1229.000 
INIE6FN*1 1N0P1(12), TASCII(b), MASK, 114F, JT4f' 	 1230.000 
UATA mAsK/x'uF'/ 	 1231.000 

C 	UNFALK (ACM OF TrIE NOT 8YTLS 	 1232.000 
U0 I = 1, 3 	 1233.000 

INEF = (4 - T) * 2 	 1234.000 

C 	LONER 8YFE 	 1235.000 
Ilme=1,04n(illorti(i),AAsK) 	 1230.000 
ENCuOtfl, 'Ill)', JliP) ITmP 	 1237.000 
DLCUDE(1, '(A1)', JImP) IASC11(1Rte) 	 1238.000 

C 	UPPER 8YiF 	 1239.000 
II;oP=IsNFI(fkuRIll),-4) 	 1240.000 
ENC00t(1, 'kW', JfmF) ITOP 	 1241.000 
DtIJ0t(1, 'LA1)', JTAF) lAsCII(1Rte-1) 	 1242.000 

tNJ DO 	 1243.000 
kET0NN 	 1244.000 
tNU 	 1245.000 
FuNCIIJN T0IfF (t4040, IsOIT, LEN, ItNN) 	 1248.000 

C 	 124/.000 
C 	 1248.000 

C 	 A 	 A 	 1249.000 

C 	 * 	 rliNcliu.4 loliF 	 * 	 1250.000 

C 	 * 	 * 	 1251.000 
C 	 1252.000 

C 	 1253.000 

C* 	 1254.000 

137 



C* 
	

FUNCTION T811F EXTRACTS A FIELD OF 8Ilb FAuA 'Now), STARTING 
C* 
	

FROM HIT pOSITIDN IS011 MgO EXTENDING 10 IHE LEFT FOR LEN 8115. 
C* 
	

THE RIGHNUSI dIT IS 81T 0 AND TnE LtrImuST 01T IS 811 31. 
C* 

LOGICAL ERROR 
C 	ERROR CONDITION CHECK 

IF (1SOI1+LEN.LE.32 .AND. LEN.GT.0 .AND. is81T.GE.u) THEN 
C 	UNPACK THE SPECIFIED 8If FIELD 

ERROR = .FALSE. 
I8I1F = ISHFTITWIR0,32-(ISBIT+LLI)1 
InITF = ISFIFT110I1F,-32+LEN) 

ELSE 
ERROR = .TRUE. 

ENU IF 
IF (ERRDR) THEN 

IERN = 12 
END 1F 
RETURN 
END 

SAI Lu1=4R1CID.,U 
$A1 001=SPIDIR,,u 
$EXECUTE CATALOG 
A2 1=5L0,9000 
OPTION PROmPf 
BUILD CuRC U NO 
SEU4 
SS 

1255.000 
12'38.000 
1257.000 
1e58.000 
129.000 
1280.uuu 
1281.000 
1282.000 
1263.000 
1260.000 
1265.000 
1266.000 
120/.000 
1288.000 
1289.000 
12/0.000 
12/1.000 
1272.000 
12/3.000 

1277.000 
1278.000 
1279.000- 
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