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PREFACE

This report was written in support of the Advanced Air Traffic
Management System (AATMS) Study. It presents an analysis of the
target acquisition performance of an asynchronous multiple access
satellite surveillance system. The analysis is based primarily
on the use of computer simulation of the radio link between the
target aircraft and a surveillance satellite.

The work presented here was performed at the Transportation
Systems Center, U.S. Department of Transportation as part of Project
Plan Agreement 0S-304. The sponsoring agency was the Office of the
Assistant Secretary for Systems Development and Technology, Office
of Systems Engineering, U.S. Department of Transportation.
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1, INTRODUCTION

This report presents an analysis of the target acquisition
performance of an asynchronous multiple access satellite surveillance
system. The analysis is based primarily on the use of computer
simulation of the radio link between the target aircraft and a
surveillance satellite. The computer-simulation program, which is
described in detail in chapter 7, is reasonably general and can
provide performance characterizations for a variety of surveillance
systems. The analysis presented in chapters 2 through 4 is directed
primarily toward a candidate surveillance system that is one of
several which have been studied in the Advanced Air Traffic Manage-
ment System (AATMS) program at TSC. The surveillance system is
described in detail in reference 1. A short description is pre-
sented here.

Each aircraft in the target population has a unique waveform
signature which consists of three pulsed waveforms. Each pulse is
selected from a set of 16 waveforms which are selected to have
good auto-and-cross-correlation properties. The second pulse is
transmitted in one of 16 time slots relative to the first pulse.
The third pulse is transmitted in one of 16 different time slots
relative to the second pulse. Aircraft positions is estimated by
computing relative time delay for the propagation of the radio
signal from the aircraft, through four or more spatially separated
satellites, to a ground station. The satellites are in equatorial
and inclined elliptic synchronous orbits. The surveillance system
services peaks traffic loads of 35,000 to 100,000 aircraft.

This study has been directed toward determining surveillance
system acquisition performance in a noise environment that includes
the self noise, commonly referred to as "Multiple Access Noise"
generated by the targets in the surveillance system, and additive
Gaussian noise.

Acquisition performance has been analyzed for a first order
characterization of a surveillance system, rather than the other
two areas of interest track accuracy, and track reliability. This




is done because acquisition appears to be the highest risk aspect
of the performance of a multiple access surveillance system of the

type discussed here.

The data presented in this paper was required in order to
assess the risks involved in the design and construction of a sur-
veillance system of the type which was proposed. The curves pre-
sented in section 5 indicate that for a reasonable number of sat-
ellites (e.g., 10 to 15) and reasonable radio equipment (e.g., re-
ceived pulse SNR on the order of 18-21dB) the class of surveillance
system which was considered will provide adequate performance for
use in a high reliability air traffic control system.

The data and the simulation program are both useful for
optimization of the performance of asynchronous multiple access

surveillance systems of the type that was considered.



2. DESCRIPTION OF SURVEILLANCE SUB-SYSTEM

The surveillance sub-system is described in Reference 1. The
modifications to that system which are included in the system shown

in Figure 1 and modeled here are:

(a) A linear satellite repeater or receiver. Performance
data for the hard-limiting repeater is also presented
but the improved performance of the linear receiver
does not appear to impose a major cost burden.

(b) A peak detector at the output of each of the 16 analog
matched filters in the receiver. This is a negligable
cost and complexity performance improvement.

(c) The multiple-access noise simulation program. This
simulates a system with a signal set made up of ele-
mentary waveforms 255 chips long. The candidate system f
waveforms are 400 chips long. This is not thought to
make a major difference in performance. The change
from 400 to 255 decreases the number of pulses that
will be simultaneously transmitted, which improves
multiple-access noise performance. This is counter-
ballanced by the shorter waveforms having worse cross-
correlation performance. Experience with the simulation
program has indicated that detection performance is not
strongly dependent on waveform-correlation properties
when sensible waveforms are used. Therefore, these are
not expected to be major effects.

There are a variety of more significant changes which could
be made to the receiver and waveforms. These changes have the
potential for significant performance improvements. The discussion
and analysis of these modifications is beyond the scope of this
paper.

The results presented here are for detection, probability and
false-alarm performance at two places in the receiving equipment.
The performance of the receiving equipment for the detection and
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processing of single, coherent, coded pulses is presented. The
performance of the receiver at the output from the three pulse
target identity processor is presented separately. The latter
set of curves is a complete description of the performance of a
single link through one satellite. The relationship between
single satellite detection performance and system target acquisi-
tion of track-performance has not been addressed. System perfor-
mance is determined by a large set of processing algorithm options.
The work presented in reference 1 has skimmed the surface of this
subject but the performance of the presently proposed system can
only be considered a lower bound of the performance which can be
expected from an exhaustively designed system,

To provide a method of approximating the relationship which
exists between single-satellite performance and system-target
acquisition performance a very simple algorithm was examined.
Figure 2 shows the relationship between single-satellite, and
system-detection probabilities. 1In many cases, false alarm pro-
bability can be ignored in system-performance calculations if it
has been shown that false alarms do not overload the target-Acqui-
sition processor. Figure 2 indicates that detection-performance
is strongly dependent on the satellite-constellation as well as
the detection-performance of one satellite,




Probability of Detection by 4 or more
of n satellites

0 .1 o2 .3 4 - .6 o7 .8 .9 1.0

Probability of Detection at
each satellite

The parameter n is the number of satellites at which
the signal to ncise ratio for an aircraft exceeds
the design minimum.

Figure 2. Relation Between System Target Detection Probability
and Single Satellite Target Detection Probability



3, PERFORMANCE OF SURVEILLANCE SUB-SYSTEM

The set of situations which have been evaluated are aircraft-
traffic densities of 100,000 and 35,000, average aircraft-signature
repetition rate of once per eight seconds, and received signal-to-
noise ratios (SNR) of 13 to 22 dB at the satellite. The received
SNR as defined here does not include any correction for multiple
access noise. The multiple-access noise correction is handled
directly by the simulation progran,

The performance curves are ROCs for the output from the three
pulse aircraft signature detector. Curves for the linear receiver
are shown in Figures 3 and 4. The horizontal axis, labeled "False
Alarm Rate," represents the mean number of signature false alarms
which occur in each 100ns. time-resolution cell. The vertical
axis, labeled "Probability of Detection." Represents the probability
of detecting an aircraft signature. The parameter in the plots is

the received SNR. RoC stands for receiver operating characteristic.

Any point on the SNR line can be selected as the operating
point for the AATMS surveillance receiver. The false alarm rate
is normally selected to control processor loading or cost. For
the selected false alarm rate the acheivable probability of detec-
tion (PD) is read off of the vertical axis. This number, along
with satellite-constellation properties and the detection processing
algorithms, determines system-performance. System-performance may
be estimated by using Figure 2. The PD at the selected receiver
operating point defines a vertical line on that plot. The system-
detection performance may be read off of the vertical axis for any
number of visable satellites. A more detailed analysis can be con-
ducted by use of a satellite-constellation analysis program of the
type used by the contractor.

Figure 5 indicates the effect of aircraft-traffic density on
detection-performance. Three traffic-densities: 100,000 aircraft,
35,000 aircraft and 10,000 aircraft were examined. The range of
detection-performance represented by a single vertical cut through
Figure 5 will be provided by the same system when the traffic-density
is the only parameter varied.




| | | |
9999 |- /7 _
i
.999 | ]
4 e
N R e —
7 e
95 | ’_qﬂﬁfi::yﬂ
S )
—I‘/-’ ~ - ————
I' _/-/
8 '—/ ’/ |
=z ,’l _/’_"/—
Z / P e
- e
5 e e
P | o
g ] /,//“ 1 1
—
23 —"/—-‘ ///
o " —
> ,—-/—— //
& 2~ _— -
- - P
=] 5 R
<< —
/M
2
g .05 | N
.01 |
001 [
.0001 | B
1 | | I
1078 10°3 10-4 10-3 10-2 10-1

FALSE ALARM RATE

Simulation Data, and Gaussian Multiple Access Noise Reference
Data. The Lines are:

1 SNR=13DB. Simulated S SNR=13DB. Reference
2 SNR=16DB. " 6 SNR=16DB. "
3 SNR=19DB. " 7 SNR=19DB. "
4 SNR=22DB. "
Figure 3. ROC for Three Pulse Signature Detector -- Linear

Receiver with 35,000 Airborne Aircraft



| I | |
,9999 [_ P N
i
.999 |- / —
{
7 e
.99 |- AT
.95 oL —
e " 3
~ P
/ _/— 2
8 L S o —
7 —
8 ! "’_/ —1°
: r" ;,_/ /'-“
/ L -
E .5 6 / __/"- —
) ‘/—’
g _/ __/"— —
I, ~ ___/" — 1
Q ‘_/— /
N -
- e —
=) /-" —
BN e
.05 | _
SN
.01 -
L001f _
.0001)— -
| I | |
106 10°° 10-4 1073 1072 10-1

FALSE ALARM RATE

Simulation Data, and Gauss

Data. The Lines are:
1 SNR=13DB. Simulated
2 SNR=16DB. "
3 SNR=19DB, "
4 SNR=22DB, "
Figure 4.

ROC for Three Pulse Signature Detector --

ian Multiple Access Noise Reference

5 GSNR=13DB. Reference
6 SNR=16DB, "
7 SNR=19DB. "

Linear

Receiver With 100,000 Airborne Aircraft




.9999

.999 —

PROBABILITY OF DETECTION

=)
w1
]
I

.01 _

.001

.0001

l | | |

1874 10-3 10-2 10

FALSE ALARM RATE
SNR is 16DB.for all three lines. The Lines are:

1 10,000 Aircraft Simulated 4 10,000 Aircraft Ref.
2 35,000 Aircraft Simulated 5 35,000 Aircraft Ref.
3 100,000 Aircraft Simulated 6 100,000 Aircraft Ref.

Figure 5. ROC for Three Pulse Signature Detector -- Linear
Receiver with 100,000, 35,000 and 10,000 Airborne
Aircraft

10



Figure 6, 7 and 8 represent the same situations as 3, 4 and
5 except that a hard-limiting satellite repeater is used instead
of the linear receiving system modeled in the first three perfor-
mance curves. The difference between the performances of the two
systems is relatively minor.

Figures 9 through 14 represent detector performance at the
output from the single pulse detectors under the same conditions
as in Figures 3 through 8 respectively. The data in Figures 3
through 8 was generated directly from the data in Figures 9 through
14,

11
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4., PERFORMANCE ANALYSIS

The simulation program and the mathematical model used to
generate the single-pulse performance curves is described in
Reference 1. The transformation between the one-pulse curves and
the three-pulse signature curves is the only mathematical analysis
performed here.

The false alarm conditions which have been considered exclude
all cases in which more than three aircraft transmit during one
time resolution cell of the receiver, and all cases in which more
than one pulse in the same time/code resolution slot is present in
the signature of aircraft that are transmitting. These cases have
been excluded because a much more extensive analysis would be re-
quired to correctly account for the interference effects which
were ignored. The full analysis would have to include geometric
and waveform interference properties. For the aircraft-traffic
densities which are present in the proposed system the terms which
were ignored are believed to be negligible. If these terms are to
be accounted for in future work an upper-bound, which complements
the lower-bound presented here can be generated by replacing the
detection probability in the presence of interfering pulses by

one, rather than zero as done here.

The expression for False Alarm Rate used to generate the per-
formance curves presented in this paper is:

R = (tNp)/(Ty Np)
PF > Nﬁ Né [R Py + (1-3R)PF ][3R P + (1-3R)PF] 2

*R([Ppy + (Np Ny -1) ([1-3R]PF+3R e

[Pp+(Ng-1) (1-2R)
PF]-Pp°)
+R2([2PD+(NP Ny -2) ([1-3R]P, +3R Py]° [P+ (Ng-2) (1-2R)
PE] -PDY)
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NA = Number of airborn aircraft (35,000 or 100,000 here)

NP = Number of pulse positions in aircraft signature
(currently 16)

NQ = Number of orthogonal code sequences (currently 16)

TU = Mean aircraft position update interval (8 seconds)

PF = Single code sequence probability of false alarm

P, = Single code sequence probability of detection

PF = Mean number of false alarms in one time resolution
cell at the output of the target signature processor

T = Time resolution of the waveform (100ns.)

The transformation from single-pulse detection-probability (PD)
to signature-detection probability is given by:

_ 3
PD = PD

The two transformations described above lead to a set of trans-
formation curves for PF to PF which are shown in Figures 15-A and
B. Only the PD=PD=1 curves are shown because the PD greater than
.5 curves are all quite close to the Pp=1 curve. The low Pp sat-
uration effect shown by the curves in Figures 15-A and B is caused
by correctly detected pulses from two or more targets creating
additional apparent target signatures, this is a system property
not a noise effect.
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5. EXAMPLES

Several examples of the use of the curves presented in this
paper to evaluate detection-performance of the surveillance system
are presented in Figures 16 through 19. 1In all of these examples
it is assumed that a single-pulse false alarm probability of 10_4
is selected as the receiver operating point. This candidate num-
ber was selected because it is at the high end of the surveillance
data-processing threshold region as shown in Figures 15-A and B,
The performance curves presented here were generated from the
ROCs, by using the data presented in Figure 2. Although the data
in the example plots is presented as continuous lines it should

be clear that only the points for integer numbers of satellites are
meaningful.

These plots are representitive of the performance which can
be achieved by this type of surveillance system, but the multiple
satellite detection and tracking algorithms are not the same as
would be used in a completed system. Also satellite constellation
effects have not been included in detail.
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6. CONCLUSIONS

Together, the work presented here and the work presented in
reference 1 indicate that with appropriate design of the satellite-
constellation the type of asynchronous multiple-access surveillance-
system which is proposed in reference 1 can be made to provide any
aircraft-detection performance which is required. There is a
wide range of system-performance tradeoffs which can be made by
tailoring the constellation, and if the number of satellites re-
quired is not excessively large, the surveillance system is prac-
tical.

The work presented here and in reference 1 has not included
an exhaustive tradeoff analysis and optimization of the receiver
system. Nevertheless, it does lower-bound the performance of the
final system, and provide a sufficient data base for making cost
estimates. The analysis required to develop a satellite constella-
tion which will provide required detection-performance with the
minimum cost has been performed by the contractor using the Gaussian
Multiple Access Noise Model. The use of the multiple access noise
data presented here might lead to a requirement for a significantly
larger number of satellites.
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7. ANALYSIS OF MULTIPLE ACCESS NOISE IN RANDOM ACCESS
SURVEILLANCE SYSTEMS

7.1 INTRODUCTION

This section describes an analysis of the performance of asyn-
chronous multiple-access surveillance systems. The class of sys-

tems analyzed includes the LIT type of system described in reference

1. The work reported here used a computer simulation to generate
a Receiver Operating Characteristic (ROC) for the system and para-
meters being considered. The simulation approach has allowed de-
tailed modeling of all important effects which are expected to
affect the performance of the radio transmitter, receiver, and
detection portions of the systems of this type currently being
considered for incorporation into advanced air-traffic control Sys-
tems. The analysis and simulation have been directed solely to-
ward the generation of ROCs for different system configurations

and no attempt has been made to produce system performance measures.

7.2 BACKGROUND

Asynchronous multiple-access surveillance systems have been
proposed for use in advanced air-traffic control systemslaz. Ana-
lysis of the performance of such systems has been based primarily
on modeling the signals received from all targets other than the
target of interest as white Gaussian noise. This model is believed
to be reasonably accurate for large numbers of simultaneously re-
ceived signals. The candidate air-traffic control systems transmit
two or three overlapping signals. The accuracy of the Gaussian
noise model has not been determined.
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More recently analysis based on the use of Chernov bounds3

for the multiple-access noise have been performed. These analyses
have not been able to model the relatively complex signal structure
which have been proposed for these systems and have provided only
bounds on possible system performance levels. In addition, the
radio channel models have been quite restrictive and have not in-
cluded effects such as incoherent receivers or signal level fluctua-
tion due to aircraft antenna, and motion, or scintillation.

The use of Edgeworth series expansion to provide an analytic
solution for system performance has been proposed,4 and promises
to provide useful results. No work of this type has been completed
to date.

7.3 RESULTS

The analysis and simulation performed under this program has
had three results. A set of representative performance curves,
which will be useful for the evaluation of the performance of pro-
posed surveillance system, has been generated. A computer program
which will be useful for the analysis of the proposed asynchronous
multiple-access signaling systems has been developed. And the
accuracy of the relatively easy to work with Gaussian multiple-
access noise model has been determined.

7.3.1 Typical Performance Curves

In this section the results of several simulation runs are
presented. The model of the system which is being simulated is
presented in Section 4. The parameters of the simulation are
described in Table 1. Whenever the parameter or option used for a
particular run differ from the values given in Table 1 it is

explicitly specified in the caption.
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7.3.1.1 Performance as a Function of Signal to Noise Ratio - Fig-

ures 20 and 21 show ROC's as a function of signal-to-noise ratio.
The parameters used in the generation of these graphs are repre-
sentative of a satellite surveillance system with an average pulse
rate of 100,000 255-bit sequences per second. This is representa-
tive of the situation where each of 100,000 targets is transmitting
a three-pulse signature once every three seconds and the receiver
is making a present/not-present decision on each pulse independently.
In Figure 20 the receiver-matched filter is continuously monitored,
and actual peak values used for detection decisions. In Figure 21,
the receiver filter is sampled once for each range/time resolution
cell.

7.3.1.2 Performance as a Function of Target Density - Figures

22 and 23 show ROC's at a single signal-to-noise ratio with tar-
get density as a parameter. In Figure 22, the receiver-output is
continuously monitored, in Figure 23, it is sampled once per range/
time cell. 1In addition to indicating the effects that different
target-densities will have on system performance, these plots
illustrate some properties of the simulation model. The zero tar-
get-density line on each graph lies essentially on top of its
reference line. These lines have lower statistical significance
than the other lines on the graph and are, therefore, relatively
bumpy. This line must be in this position because in this case
both models should be exact except for the statistical errors in

the simulation process.

The two high target-density lines also lie nearly on top of
their reference lines. This is true because of overlapping target
pulses the multiple-access noise-amplitude probability-density
approximated in quite well by the Gaussian density used for the
reference curves.

7.3.1.3 Sensitivity to Code Sequences - Figures 24 and 25 show

ROC's under identical conditions for three different target-waveform
code sequences. The receiver-output sampling for the two figures
is the same as in the previous sections.
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Figure 20. ROC With Signal-To-Noise Ratio as a Parameter --

Continuously Sampled Receiver Output
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Figure 22. ROC With Number of Overlapping Pulses as a Parameter --

Continuously Sampled Receiver Output
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ROC With Number of Overlapping Pulses as a Parameter -
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38



99949 ! ! ! !
9999 | /_ 4
.999 / —
e
r/'
99 | rd _
r’/
3
- 7
95| - _y ,
.’/- ‘ i
’,/' /
" 7z
.81 / /'/ ]
= L =
) _,/’
& ;}/
Z S —_— .
E] =t
=
>
= L2
— —
=
-
e
<
e
=
a .05 ]
011 —
.001)_ ]
L0001
| | ] ]
1076 10-5 1n-4 10-3 10-2 10-1
PROBABILITY OF FALS: ALARM
—_ Simulation data. Linear repcater
—---——Reference data. Gaussian multiple access noise
1. SNXR=16.0 dB non-fluctunting. NP=2,55. sim size=10 points. source:d
2. SNR=16.0 dB non-fluctuating. NP=2.55. «im size=10¢ points. source:ld
3. SNR=16.0 dB  non-fluctuating. NP=2.55. sim si-c=10 points. source:d
1. SNR=16.0 dB  non-fluctuating. NP=2.55. sourcec:l0s

Figure 24.

ROC For Three Code Sets --
Output
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The first plotted line is the ROC for the target-waveform set
used in all of the other plots in this report. The second waveform
is a different ML sequence from the set of 15 multiple-access noise
sequences used for all of the other plots in this report. The

third line is from a random signal set. The random set was generated

by selecting one target sequence and 15 multiple access noise se-
quences, each sequence with 128 randomly positioned ones and 127
minus ones,

This plot is interesting because all three lines are so close
together.

. 7.3.1.4 Performance as a Function of Target Fading Characteristics

Figures 26 and 27 show ROC's for three different types of target-
amplitude fluctuation. One ROC is the conventional non-fluctuating
point target, a second ROC is for a Rayleigh fading-point target.
The third line is for a target with Rician-amplitude probability
density with fading parameters selected half-way between the two
previous lines,

Figure 26 is for a continuously sampled receiver output.
Figure 27 is for the discretely sampled receiver output. In Fig-
ure 27 lines 1 and 2 cross in several places. This Figure was
generated using an older form of the simulation program than the
form used to generate Figure 26 and it has lower statistical signi-
ficance in the probability of detection dimension.

7.3.1.5 Effects of Non-Linear Receiver on Performance - In all

of the plots presented in this section the non-linear receiver is
identical to the matched filter-envelope detector receiver, except
that a hard limiter proceeds the receiver.

Figures 28 and 29 show the same set of simulation conditions
as in section 7.3.1 and Figures 20 and 21. The reference curves
have been removed for readability. These curves are interesting
because of the relatively minor performance degradation introduced
by the limiter for the equal target amplitude, non-fluctuating tar-
get model.

41



] | | |
.9999¢ /_. 4
/
999 |— - -~
e
7 r
.99 L i -
r’/
pd 1
95 L L~ —/ 2
—'/'
__/‘ —"_é"/' 3
Z .8 |- /— /"_// Py
c - e
= - /“';// ////
O e T A/‘
— ’_/'__/-/_’_/
[_.' s e T
= .5 “,,wt::»"”'r,/’/rJ = _
. e o =
z =
d L2 = —
[==]
<
~
o
&
o
.05 |- ]
.01 |- —
.001 | -
.0001 |- =
| | | 1
106 10°5 10-4 10-3 10-2 1071
PROBABILITY OF FALSL ALARM
—_— Simulation data. Linear repeater
—-~-——Reference data. Gaussian multiple access noise 5
1. SNR=16.0 dB non-fluctuating. NP=2.55. sim size=10" points. source:4
2. .SNR=(13.0 dB non-fluctuating. 13. 0dB fluctuating). NP=2.55.
sim size = 10 points. source:4 5
3. SNR=16.0 dB fluctuating. NP=2.55. sim size=10" points. source:4
4. SNR=16.0 dB non-fluctuating. NP=2.55. source:103
5 SNR=(13.0 dB non-fluctuating. 13. 0dB fluctuating). NP=2.565.
source:103
6. SNR=16.0 dB fluctuating. NP=2.55. source:103

Figure 26.

Sampled Receiver Output
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11. SNR=22.0 dB non-fluctuating. NP=2.55. sim size=10S points. source:4
12, SNR=22.0 dB non-fluctuating. NP=2.55. sim size=10" points. source:4
Figure 28. ROC For Linear and Non-Linear Receivers -- With SNR
as a Parameter -- Continuously Sampled Receiver
Output
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Figure 29.
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Figures 30 and 31 show the linear and non-linear receiver ROC's
for the condition described in Section 7.3.1.4 and Figures 26 and
27. 1In this case, as should be expected, the fluctuating target-
performance with non-linear receiver show a greater performance-
degradation relative to the fluctuating target with linear receiver
than the non-fluctuating model generated.

7.3.1.6 Effects of Sampling on Performance - Figure 32 shows the

effect of sampling rate on the ROC. The data in this figure is
redundant but the form of presentation makes the sampling loss
somewhat easier to see.

7.4 COMPUTER SIMULATION MODELS

Figure 33 shows a block diagram of the system which is modeled
by the simulation program. The separate parts of the block diagram
are described below.

7.4.1 Signal

A large number of targets transmit one of K different signals.
Each target transmits it signal asynchronously with respect to
all other targets. Each of the K signals is a sequence of I chips,
where each chip is an antipoduly phase-modulated simple-pulse of
length t. The basic signal chip which is transmitted is:

jwct
c(t) = {z o<t<t
elsewhere
The K signals are defined by:
J-1
5, (t) = 2 S5 C (£-3T)  1<keX (1)
j=o
where the sequences Skj are codewords which take on the value +1 or
-1.

The targets transmit their waveforms independently and asyn-
chronously. Target transmission times are modeled as being iden-
tical independent Poisson processes for each of the K waveform types.
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sim size=10° points. source:4

SNR=(13.0 dB non-fluctuating. 13.0dB fluctuating). NP=2.55.

sim size=10% points. source:4 5

SNR=16.0 dB fluctuating. NP=2.55. SIM size=10; points.source:4

SNR=16.0 dB fluctuating. NP=2.55. SIM size=10" points. source:4
ROC For Linear and Non-Linear Receivers -- Three
Different Target Fading Models -- Continuously

Sampled Receiver Output
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Figure 32. ROC For Three Different Receiver Sampling Rates
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Unique target identities are not maintained for individual targets,
only transmission times are simulated. This is not a restriction
on the accuracy of the simulation for large numbers of targets,
which is the situation of interest in this program.

7.4.2 Radio Channel Model

The radio channel is modeled as generating a random phase-
shift, uniformly distributed between 0 and 2w, a Rician Probability
Density for the received signal envelope amplitude, a Gaussian
distributed doppler shift, and adding white Gaussian noise. When
the transmitted signal is SR (t) and no other signals are trans-
mitted the received signal is described by:

r (t) = A eIt 5 (t) + n(t) (2)

A is a complex random variable with Rician amplitude. The proba-
bility density for the magnitude of A is:

X [2Eg x? + Eg
PA(x) = /EE77 I,\x By exp |- ER X>0 (3)

when ER equals zero this reduces to: 6(/?5), when Eg equals zero
it reduces to the Rayleigh distribution:

I x? X>0 4
PA(X) = /—-R—_ exp - EE 2 ( )

For any values of ER and ES the mean square value of A is given by:

Z _
A" = ER + ES

This model is used to describe the varation of received signal
energy caused by aircraft motion with relatively complex antenna
patterns, and scintillation.

If the transmission time for the i-th target of type k is
denoted by t the entire received time function is given by:
b
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jwd 2 k (t‘t.
r(t) = n(t) + 2 Ai’ke 1, 1

k) N-1
25 Sk,j C(t-JT-ti’k)
i,k j=o

(5)

7.4.3 Receiver Model

The receiver is modeled as a bank of matched-filter envelope-
detectors which is optionally proceeded by a limiter. The matched-
filter for the k-th waveform has response:

J-1
hy (t) = 8, (-t) =\/§—o S Sygx G5, (6)
§=0

where ;Q is the noise variance. For the current implementation of
the simulation program only one of the K-matched-filters is simu-
lated. This was done because the simulation can be repeated with
the same set of random numbers for different receiver filters and
it generates a sample ROC with the maximum statistical significance
for a fixed run time.

7.4.4 Detector

Two different detection procedures have been simulated. 1In
the first procedure, the output of the matched-filter envelope-
detector is sampled once every T where 0<t <71, and Tt is the dura-
tion of one basic waveform chip. The following definitions are
more or less trival but are specifically implemented in the simula-
tion program. A detection is defined to occur if the voltage at
the output of the sampler exceeds a threshold. A false alarm is
defined to occur if a detection for waveform type k if the thres-
hold is exceeded at a sample time which is not adjacent to the
actual position of a simulated target. No false alarm occurs if
two detections occur, one on each side of the target position. A
target is missed only if there is no detection at either adjacent
sample point.
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For the second detection procedure only the receiver output
at the sample time nearest to the target peak position is examined
to determine the conditional probability density for signal ampli-
tude given that a target is present.

7.4.5 Gaussian Multiple Access Noise Model

This model is used to generate reference data which are plotted

on the same coordinates as the simulated data. The reference data
allow convenient compairson of the two models.

7.4.5.1 Continuous Detector Output Sampling - When a target is

present the receiver output voltage is described by:

PR(r) - T I r/Eg
o . Np (B, + E.) + "R No . Np (g, +E.) . E
7 *t7 RS 7 *t7 R TST+ R
7
ex -’ -Bg r>0 (7)
P\Ng * Np (g + Eg) + B 7=

when no target is present the probability density is:

PR(r) = L exp< -r? >r10 (8)
N N+ N, (E, + F
\t/‘zh P (Bt EQ o+ Np g * Eg

In both cases;

is the amplitude of the white gaussian noise power spec-

&

tral density

NP is the average number of simultaneously transmitting tar-
gets

ER is the fluctuating energy transmitted by one target
S is the non-fluctuating energy transmitted by one target.

For a threshold value X the probability of detection is given
by:
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A
Pd(*)'Q\/O+N By * Eg) * Iy 0+ Np (Bp * Eg) + B | (9)
Z V7™ 7_ 2
where Q(A,B) is marcum's Q function, and is defined by
ABDE [ X1 oax (AZ"xZ) d 10
Q(.)—/ o (AX) exp -{=—=—] dx (10)

B

and the probability of false alarm is given by:

P (1) = exp (— A2 ) (11)
NO + NP (ER + ES)

7.4.5.2 Discrete Sampling of the Detector Output - When the output

of the matched-filter envelope-detector is sampled every Tg

second:
s=T
the probability of false alarm at each sample point is as in

O<t

Section 7.4.2.1. But the probability of detection is given by:

Ts -3 E
Pdo‘)=1_ Q\% ;1 (I? + Eq) + &
S O+ P R S R s
o T 7

A
12
.\/NO+;I£(ER+ES)+ER dx (2)
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APPENDIX A - SIMULATION PROGRAM ERROR ANALYSIS

The principal error-source in the simulation program is the
Monte Carlo-type approximation to the actual ROC. For this pro-
gram both the X and Y positions of one point on the ROC plot are
subject to this type of error. The errors on one line are highly
correlated.

For low false alarm rates and high or low detection proba-
bilities the simulation is granular and has low significance. For
example with a 10° point simulation 1 false alarm yields a false
alarm rate of 10'5 and N false alarms yield a false alarm rate of
10_5N. The sample false-alarm and detection probability are Binomaly

Distributed with mean at the actual probability and with variance:

Var (P) = Eiéifl

where P is the probability being simulated and N is the number of
points in the simulation. Whenever the simulation is not excessively
granular the Binomial density can be approximated by a Normal Dis-
tribution to determine the two or three sigma confidence limits.
Where the simulation is extremely granular, the confidence limits

are determined easily by direct numerical evaluation of the pro-
bability of being at the grid points. In any case, this process

does not yield results that are significantly different from the
Normal Distribution approximation when the cofidence 1imit bounds

are within the area which implies two or more events.

This analysis is relatively important since the results of
the simulation will often be used to predict the performance of
systems at low false alarm rates where the Monte Carlo-process
provides relatively low significance.

For 10° point simulation sizes, the size used for all of the
curves presented in this report, there are approximately 105 false
alarms, and no less than 400 target detections. Typical error
elipsoids are plotted in Figures 34. The Pq and P, error bounds
under the Normal Distribution approximation are shown in Figures
35 and 36. The scales of these plots allow direct comparison with
the data presented in the report.
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APPENDIX B - SIMULATION PROGRAM

B.1 SIMULATION PROGRAM LOGIC

The simulation program listing is presented at the end of
this appendix. The situation is a relatively straightforward simu-
lation with the steps described in Section 7.4. The program simu-
lates the complex envelope of the voltage on the radio channel and
has a basic clock rate of one sample per waveform chip time. A
flow chart of the program is in Figure 37A and B. The mathematical
approximations described below are made.

B.1.1 Target Position

The Poisson process for target position is generated by using
a random number generator to generate a target of each type in each
cell with probability P. When P is small, as it is here, the total
number generated is approximately Poisson. When a target is gen-
erated in a cell, a second random number is used to generate its
actual offset within the cell. Because the time/autocorrelation
function of the simple-pulse chip waveform is triangular, the tar-
get position is modeled by adding a fraction of the target signa-
ture to each of the two adjacent cells.,

B.1.2 Target Phase and Amplitude

The following equation are used to generate the complex ampli-
tude for each waveform bit

|

1 /E 12 .
Ry (A) ﬁ\/fg . X, + 5 /ES cos (2mX_),

24
1 /E 1 ,—
I (A) ﬁ\/ R Z X; + & YEg sin (2mX ).

The Xi’ 0<i<24 are independent uniformly distributed random numbers:

1 1
172X 23

Py (x) =
i O elsewhere,
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and m is the length of a signal. The sums generate numbers which
are approximately Gaussian with unit-variance and zero-mean.

B.1.3 Doppler Shift

A Gaussian random number is generated for the phase-shift
between two successive bits. The complex channel gain is rotated
through this phase-angle as each bit is generated so that the
received signal is given by:

J-1 jwdi )
r(t) = z e 5,C(i).
i=0

When the phase-shift between two successive bits, LF| is small this
is equivalent to equation 2.

B.1.4 Limiting Receiver

The limiting detector is generated by dividing the voltage on
the channel by its magnitude. This maintains phase but destroys
all amplitude information.

B.1.5 Matched Filter Receiver

The matched-filter is generated by filtering the time con-
tinuous channel data with a chip matched-filter. A process which
is implicit in the target generation algorithm and then convolving
the sampled output from the chip matched-filter output with the

digital waveform sequence.

B.1.6 Sampler

The simulation runs at a T clock rate but simulates targets
samples generated at a Tg» OiTSiT rate. This is done by generating
a subset of the targets at distance d, 0<d<tg/2 from the clock
points, rather than uniformly distributed over the interval. Only
these targets are used for the probability of detection curve.
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B.1.7 ROC Generation

Histograms of detection of flase-alarms count versus amplitude
are generated each with identical histogram cell-sizes. When these
histograms are converted to normalized cumulative sample probability
distributions each Pd’ Pf cell pair for a fixed amplitude contains
one ROC point.

B.2 SPECIALIZATION OF THE PROGRAM

A perfectly general program for the type of simulation performed

is inconsistent with maximum program efficiency. The main problem

is in the receiver matched-filter simulator. This short segment of
code accounts for most of the simulation time. If the signals are

long, J greater than several hundred the convolution is most effi-

ciently performed using a FFT based convolution algorithm.

For small signal lengths the convolution is more efficient when
a direct summation is performed. If it is desired to extend the
class of signals to allow non-binary phase-shifts the direct summa-
tion will require multiplications as well as the additions required
for the binary signal-set. In this case the FFT will be more effi-
cient except for extremely short signals.

The simulation program will be much larger when the FET con-
volution is used because relatively large size FFT's are required
for efficiency. When the computer billing algorithm includes size
as well as run-time, the tradeoff becomes non-trival. The minimum
core-direct summation-procedure presented here is the least expen-
sive for the computer and signal-set which were used.

Signal-set dimensions have been compiled directly into the
program in order to save run time.
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APPENDIX C - PROGRAM USER’'S GUIDES

The simulation consists of a set of three programs: the
actual simulation program, a reference curve generator program, and
a plot program. All three programs were written on the TSC PDP-10
computer. The Reference and Plot programs are fast and are most
conveniently run as time-sharing programs. The simulation program
takes roughly 5 minutes per 10,000 simulated time points and is
run in the batch mode. The only useful output from the programs
are the ROC plots produced by the plot program. The simulation and
reference program produce intermediate files in a common form, which
is plotted by the plot program. The intermediate files are print-
able and contain parameter values and plot coordinate points.

Operation of the three programs is described below.

C.1 SIMULATION PROGRAM OPERATION

Parameter input to this program is in one namelist read for
each simulation runs. The meanings and default-values of the para-
meters are defined in the program-listing. The parameter IPTS in
the namelist is used to specify the number of points to be simulated
but stops the program if the value is 0. The commands are normally
written in a file with the name "SIMCM.DAT" and this file has the
following format.

FPARME IPTEZ=100000 ...cccaas £
ARAARA .DAT
BRBBBB.DAT

FPARMS .. .cccnenns %

ZZCCC . DAT
DDDDD.IRT ¢

FPARME IPTE=0 %

where "AAAAA.DAT" is the name of the file containing the signals
to be used for the first program run, "CCCCC.DAT" contain the sig-
nals for the second run. The results of the two simulations are
written on "BBBBB.DAT", and "DDDDD.DAT".
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C.2 REFERENCE PROGRAM

All input to this program is by namelist input with parameters
described in the program listing. The program requests a five-
letter file name for its output with the prompt FILE.

C.3 PLOT PROGRAM

The plot program has several format options. The options are

described in the listing. A minimal plot may be obtained from the
command sequence.

OMOARAAA .DAT
ONOBRBBBB.DAT

noo

where when N-9, the file on the current command line will be the
first file plotted on a new page, when N=1, the current plot page
will be used, and N=0 stops the program,

The commands are written is a file with the name "PPLCM.DAT".
The plotter is a 36" bed Calcomp plotter.
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APPENDIX D - WAVEFORMS

Two sets of waveforms have been used. A set of maximal length
shift register sequences and a set of random codewords. The random
codewords were constrained to have 128 ones and 127 minus ones.

The listings for the programs and sequences which they, generated
are at the end of this appendix. To make the signal printouts
reasonably readable asterisks have been used to represent plus ones
and dots minus one.
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SIMULATIOr PRAGRAM -- MULTIPLE ACCESS “QISE
UFRSION 3 == IPPPLER SHIFTS AND VARJABLE SAMPLING

TNPUT DAT::

ALL INPUT PARAMETERS ARE [N NAMELIST PARMS, VARIABLES ARE

SNRAOF SIGNAL TO NOISE RATIO IN D®

RFL FRACTION OF SNR IN FLUCTUATING SHR

PRN PRO3IABILITY OF GENFERATING EACH TARGET TYPE

- IN ONE 1@aNS TIME PERIOD

[RAKP BREAKPOIMT FOR NONLINEAR RFPEATER

IPTZ NUMBER OF 1@2NS TIME PERIQNS TR BE SIMULATED
IF IPTS=@ THE PROGRAM STnPS

I43 “UMBER OF LOG FILE

ITRENT AN INTEGER WHICH IS PUT IN THE PLOT FILE LABEL
JUSED TN INDICATE SIGNAL SET

IWL NOPFLER STANDARD DEVIATION IN WAVEFORM SIN(F)/F UNITS

TSAMF SAMPLE PERIQD IN WAVEFORM CHIP UMITS (18@NS=1.)

SIMCY,DAT CONTAINS THE PARAMETER INPUT DATA
SIGMAL SEQUEINCE FILE NAME IS AN INPUT PARAMETER
PLOT FI'E NAME IS AN INPUT PARAMETER

AUTPUT DATA:

PRIMARY JuT2UT 1S THE PLOT DATA WRITTEN ON FILE(S) 21
L0G NaAT: FOR THE PROGRAM IS WRITTEN ON FILE IWS WHICH IS TTY,

SIGNAI

IF IWS 1S ASSIGNED TO SOME OTHER DEVICE THERE 1S NO TTY QUTPUT

SET:

hnnnnnhnnnnonnnnnnnnnonnnnnnnnnnnnnnﬁr)nn

ALL

|
|

ARR.Y DIMEMSIONS ARE SET FOR A SET OF 14 SEQUENCES, EACH OF
LENRTH 255, TO0 CHANGE THE NUMBER AF DIFFERENT SIGNALS CHANGE
THE NUMRER 16 IN ALL OF THE ARRAY DECLARATIONS TO THE NEW
NYMIER AND CHANGE '0D0 142 ITYPE=1,XX', CHANGING THE SIGNAL
LEN"TH REQUIRES AS A MINIMUM CHANGING ALL OF THE 255'S IN THE

PROGRAM TO THE NEW SIZE, CHANGING THE 262'S TO THE NEW SIZE

PLUS 4 AR &, IF THE NEW SIZE 1S MUCH LARGER THAN 255 THEN

A NEW FORM QF THE MATCHED FILTER, JUSING AN FFT FOR THE
CONYOLUTION, SHOULD BE CONSIDERED, CLS2 SHOULD BE INCREASED
LINCARLY WITH SIGNAL LENGTH,

LoGriCa. SIGNL(255,16),CSIGNL(255),ATPFAK,PASSY,DPSW
INTEGER MASK(16),1TGT(262),HLF(4088),HLD(422)/,HHF(409)
1 +HHD(420) ,H(4p0, 4)

PEAL CSR(26@2),CS1(26@).CLR(282),€L1(260),CHI(260)
1 +CHR(260),FH(400,4)

——  EQUIVALFNCE (HLF(1),H(1,4)),(H|D(1),H(1,22), (HHF(1),H(1,3))

1 P (HHD (1), H(1,4) ), (H(1,1),FH{L,1))

2 + (SIGNL(1,2),CSIGNL (1))

NAMELIST /PARMS/SNRDB,RFL,IPTS,RRAKP,PROB, WS, IDENT,DWL, TSAMP
DATA Pl2,AL10/6.28185327179885864,2.3025850929940245648/

1 + ICOIM, ICORR/260,1/

2 L.NSOIM.NSIG/1002202,16...0808001,258,16/

+BRAKP,PROB,CLS2/.71,.002625,1,5/
~ 2DHWl . TSAMP, IDENT,1WS/0.0,1.0.0,5/
' MASK/1,2,4,8,16+32,64,128,256,512,1024,2048,4096

s 10,19,F0, 1%/0:9,08.0,0/
LIPGMIN/4Y

3
4
5
6 28192,16384,32768/
7
8
c

ALL TFILE(22,'SIMCM'")

c
C INITIALIZZ FOR SIMULATION RUN

67




10 READ(22,PARMS)
MRITE(I:5.12)5NRDB.RFL.IPTS.BRAKD,°POBpIDENT.DNL.TSAMP
12 FQRMAT(' EPARMS SNRDB=',F5,1,"' RFL=',Fd4,1,' IPTS=',19

1 ., BRAKP=',F6,1,' PROB8',F8,5,' IDFNT=', ]S, OWL="',F6.3
2+ TSAMP=',F6,3,'8")
IFCIRTS £G.2)60 TN 17

C GET NAMES OF SIGNAL FILE AND PLOT OQUTPUT FILE
READ\ZZ.:‘L“)L—Ni'T'U

14 TORMATIIA5,141,1A3)
IF{NL, 0, "SAMFE')IGO TO 21
[FCI.ED. "', aAND,ULEQ.'DAT"IGD TN 14

18 WRITZ (1R, 18)F UL, ToU,FN2,V, W

15 FORMAT(' ws# BAD FILE NAME 'y (A5, A1,45))
17 STOw

16 cal IFILEC20,FNT)

REA (22)SIGNL
END FILS 22
21 REA1{22,14)FN2,V, W
If(v.NE.'.'.OR.w.NE.'DAT')G? TN 18
CaL  OFTLE(R1,Fi2)
WRETE(T-5,19)FNL,ToU.FN2,V, &
19 FOR“aT(' SIANAL="',A5,A1,A3,2Y%,"' PLOT=',AB,AL,A3)
c SNR PARLMET "RS aRE WOW INPUT EXPLIRITLY
SNRz1p,¢u(,164SNR0DB)
EP=RF ¢SMR
ES=(1,=“FL)aSNR
VR & Vo AFE 541N FARAMETERS FONR TARGFET GFNFRATAR
VESTURTI(ER/FLOGTINSD]M®#2))
VE=RART E3/FLOATINSDINY)
FS A% S R IN 2% USED ONLY FAR UTPUT
ED=1P,a;Lﬂnl’(SGFT(FLPAT(NSQ{ﬂ&Z))“V?)
ES=22, 04 0RIT(SORT(FLOATI(NSDIM) Y uVS)
C SET NOPPLTS S4IFT PARAMETERS
LPS 1zpki . EQ. 2, "
09L<CL=HWL¢°I2/FLOAT(NSOIM“2)
[GRPC=2+IPTS/ICDIM
C CLEAR HIS™NGRa4S
00 7 1=1,4
0n 2 J=1,40p
2 HtJ,1)=¢g
3 CAIMNTINUE
[og

(@]

C 8

ATPTAK= ,FALSE,
RESET TRE RANNOM NUMBER GEMERATOR
Cal.. SETRAN!®)
C CLEAR THE STATE VARJABLE VECTOR BEFORE SIMULATION STARTS
0o 7 I=1,ICDINM i
T:'évk‘
Uz-6.0
Vz=6.9
Wz=§,9
01 4 I2=1,12
T=T+RAN(IX)
UsU+RAN(IX)
VaV+RAN(IX)
WaW+RAN(IX)
4 CONTINUE
CSR(I)=U
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7
C wRITE

D00 ab

1z2

183

vA

1R

0N 42¢
PASSI=]1PASS,EQ.1

IFC.NOT.PASSL)IHWRITE(IWS,1082)

FQR*"“AT(*' PASS 2')

C EACH PASS THRNUGH NEXT LOOP IS 262 SIMULATION TIME CELLS
J0 41@
I[F(#OD(TGRP,208) ,EQ.1IWRITE(IWS,403) IGRP
FOQR“ATL' 1G=',14)

nn

4

]

ST(CLR(I)#CLR(IY+CLI(IYaCLTI (DY)
_T,9RAKP)T=BRAKP

Rl
ZADER FQR PLOT PGM
AFLCATCIPTS)Y)
+,517)14,ER,ES,PROB,BRAKF, T,DNL, TSAMP, [DENT, IPGMID

R )
[ 1]
—_
=
R
-
0
- -

N

CACTUAL SIMULATION LOOP

TWO PASS SIMJU_ATION, PASSY FOR PFA, PASS?2 TQ INCREASE
ACC!IRACY

¥ PG IF REQUIRED
iPaSS=1,2

IGRP=1, IGRPS

ITIME=1,ICDIM

C TARGET GESNERATION LOOP
on 147 1TYPE=1,16
IF(7A881)6G0 TO 112

IF
AT

(ITIME.NE,1)G0 T0D 112
PrAK=.FAlLSF,

112

IF

(ITYPE.EQ,1)G0 TO 114

IF(RANCIX).GT.PROBIGO TO 148

C GENERATE TARGET PHASFE,AMPLITUDE, AND TIME OFFSET

114

117

Ve
oS
no

Wws

'51@

J

R=V

117 11=1,12

UzU+RAN(IX)

VaVeRAN(IX)
IFC,NOT,DPSWIDSR=DSR+RAN(]IY)
CONTINUE

PI2#RAN(IX)

C6
CG
T=
IF
Us
CG

Q2=2VRaU+VSeCOS (W)
I=VRav+VSeSIN(W)
Ran(IX)
(ITYPE,EQ,1)TaTaTSAMP
1.=7

R1=Te#CGRD

CG
CG
C6
IF
Us
DS

11=T#CG12
RZ=U#CGRY
1g=UsCGIQ
(DPSW)GO TO 119
T/U
R=DSR«DP[ SC|

DSI=DSR#(1,~DSRaDSReD,16666666667)
~ DSR=SQRT(1.-DSIeNnSI)
119 IPsITIME
C INSERT TARGET WAVEFORM IN STATE VARIABLE VECTOR
DO 130 Js1,258
IF(DPSWIGOD TO 121

T=CGR@#DSR=CGQeDS!
CGIA=CGRP#*DSI+CGI@*DSR
CGRA=T
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SHhR1slI«CLRO
Ciill=UecCli
121 IT(SIGNL (UL ITYPF))IGOD To 127
S3RCIP)=CZSR(IP)=-CGRE
ICIP)=7SI(IP)Y-CRID
sIP+1
(IP.GT.ICDIM)IP=1
RCIP)=CSR(IP)-CGR]
[CIPY=nSI(IPY-GIY
C TO 13nm
122 CRR(IP)I=NSR{IP)+CGRY
CSICIP)YSCSRIP)Y+CGIR
I-=[P+1
It (IP.GT.ICDIM)IP=1
CSFEOIP)=ZSR{IP)+CGRY
CSICIP)=CSI(IP)+CGIL

CYCY C) e

137 SONTINUE
C MARK TARGET P-ESENT SO CORRECT HISTO3RAM CAN BE SELEGTED LATER
1Pz1p-1

IF(IP.EN.E)IP=ICOIM
TTGT(IP)=ITGT(IP),0R.MASK(]TYPE)
142 CONTINUE
c
C ©ND 9F TARGET GENERATION
C SFNERATE ECI VED DATA
o
U=ZSPCTITIME)
V=ISI(ITIYR)
CLROITIME ) =U
CLICITIME)Y=V
C CALCULATE LIMITING REPEATER OUTPUT
T=2SART(YsU+Vay)
IF(T,LT.BRAKP)T23RAKP
CHR(ITIME) =U/T
CHICITIME) =V/T
C CLEAR CHAMNEL SIGNAL DATA AND ADD IN NOISE FOR NEXT PASS
=-6.4
Ve=6,0
00 153 12=

1,
UsU+RAN(TX
V=V+RAN(TX
153 - CONTINUE
CSR(ITIME) =V
CSICITIME) =V
C MATCHED FILTER
IF(PASS1)G0 TQ 1602

IFCITIME.LT,.255)G60 TO 249
IF‘ITIME.GT.25§)GO TO 249
160 IP=]TIME
SLR=0,
S_1=a,
SHR=#,

SHI=am,
00 180 [=255,1,-1
IF(CSIGNL(I))GO ToO 173
SLR=SLR+CLR(IP)
SLI=SLI+CLICIP)
SHI=SHI+CHI(]P)

SHR=SHR+«CHR(IP)

GG TO 178
173 SLR=SLR=CLR(1P)
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SLI=SuI=CLI(IP)
SHR=SHR-CHR(IP)
SHTI=SHI=-CHI(1P)

_ 178 [P=IP-1
- [FCIP.ER.B)IP=ICNIM
182 CANTINUE
c

C RFCEIVER "ILTZR DONE

C START O£T°CTI1uN PROCFESS

[o e

C T“IND HIST GRAM CELL INDEX
“XL3SQRT(SLR*SLR+SLI®SL1)ecCLSZ
IF(KL.GT.4722)KL 2400
IF(vL. . LT.1)KLsL
FHE=QRT(SHR#SHR+SHI#SHI)wcL ST
IF({nH.GT.422)KH=4002
IF(<H,LT,1)KH=1
IF((lTGT(ITIME).AND.HASK(ICORRJ).NE.G’GO To 229

C NN NEW TARGETS IN THIS CELL

IF(ATPEAK)GO TD 212
C WNT TGT [N FROrESS,NO NEW TARGET

FHE(KH) sHHE (KH) +1
HOF (KLY sHLE (KL ) +1
GO 10 242
C NN NEW TA<GET, TGT IN PROCESS
212 ATPEAK= ,FALSE,
C TGT IN PR CESS, AND NEW TGT
_ 215 IF(CL.GT. . KLSY)IKLSV=KL

ITF(C<H.GT ,KHSV)KHSV=KH
HLO(KLSV) =HLD(KLSY)+1
HHY (KHSV) 2HHD (KHSV ) +1

G0 0 240
C NEW TART F LUND
223 LF(ATFEAK)GO TN 215
C MFW TGT, “0 TGT IN PROCESS
KLSyv=KL
KHSv=KH
ATP_AK=, TRUE,
GO TO 242
c
247 ITST(ITIME) =0
of
C END OF SI“ULATION LO9P
[
400 CANTINUE
__ 418 CANTINUE o
4272 CONi INUE
co .
CD PRINT WISTOGRAM CONTENTS
ch
D Do 431 12=20,396,4
D NP!TF(IN5.429)IZ:((H(I?#IJ.14).1311.4).1111;41_
D429 FORMAT(14,4(15,313))

0431 CONTINUE
c
C CONVERT HISTOGRAMS TO DISTRIBUTIONS

c
D0 510 1=1.,4
00 535 J=z2,4%p
505 HOJ 1) =H(J=1,1)+H(J, 1)

T=H(4202,1)
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"{TonT.2)T=1,/7
0" 52, Js1,47%

£e9 FH(J.I)=FL9AT(H(4@U,I)-H(J,I)).T
514 CCMTI'IUE
c
C GENERATE ©LOT COORDINATE DATA
C
0o 522 1=1,3,2
IPTCT=D
01 513 U=2,399
T='-H(JDI)

LaFu(l,T1+1)
C THECK IF "ATA ON PLOT FAGE
IF(T.EQC.2.2)T=21,.2E=35
T=A1 06G12(T)+6.,0
Uz Z2F [NV (Y)
[FeT, LT.-2.3)60 TO s18
IFCT,6T7,5,3)30 70 518
IFCI.LT,-4.3)60 TO 518
IF(u.6T7.4.3)G0 TO 518
IPT T=IPTCT+1
WRITE(21,517)1,T,U
C 7HIS FORMAT IS USED FOR ALL PLOT DATA FILE RECORDS
C THE FIRSY FIZLD DESCRIBES THE RECORD TYPE

" 517 FORMATC" ',12,7£12,3,218)
518 FONTINUE
WRITE(IWS5,519)1PTCT
519  FCRMAT(' WIST 52=',[4)
527 CANTINUE
Cc .
C IND OF ONZ SIMULATION
c

C WRITE SND OF _INE RECORD IN PLOT DATA FILE
WRITF(21,517)1%,F0,Fp

607 CONTINUF

610 CONTINUF
WRITE(145,622)FN2

629 FORMAT(' END FILE, FNz',1AS)

C END OF FI_E RFCORD FOR PLOT DATA FILE .
NRITE(21;517)I91£ﬂ;rﬂaFﬂ;£ﬂ4£ﬂ4££4£ﬂ4lﬂ4lﬂﬁﬁlﬂ.________
END FILE 21
GG 70 12

. END

c

C INVERSE 0 ERcCce# MODIFIED FORM OF SSP SUBR NDTRI

_ g e
c

FUNCTION ERFINV(PA)
DAT: AL1,A2,43/2.515517,0.802853,¢.010328/
1 :AiiASnAéll.432788.2.16%2&!Lﬂ¢5ﬂ13ﬂ81

c
PzPa e o
IF(P.LE.P.)G0 TO 2

_IE(P.GE.1.)GC TO 3
IF(P.6T.7.5)P=1,-P
T22-2.8A1 0G(P)
T=SNRT(T2)
X:T-(A1¢A2¢T¢A3aT2)/(1.+A40ToA!uT9oAAoToTz)
IF(PA, LT, B.,5)X==X
NysX

1 RETLRN

2 £aF.i./y=2-990
GO g

2 PP V=399
on o4

A
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s EeReNasNeNeNeleNeReoNe N X!

58
60
61
62

22
21

25

THAMNTL 1M ATAR REFFERENCE &OC REMFRATNR
VERSINN 2 == caR[ARLT SAMPLING RATE

MOLES:

WPTTE ECF LASEL AND STOP

NEw FILE

MO MULTIPL®T ACCESS NOISE CANTINUOUS SAMPLING
LGAJSSIAN MULTIPLE ACCESS NOISE, CONTINUQUS SAMPLING
GaJsSlan MI_TIPLF ACCESS NOISE, NISCRETE SAMPLING
{HEWNDV URPER BNUND #NOT YET IMPLEMENTEDS

FHIENOV LOWER BOUND #NOT YET IMPLEMENTED®

FGAL 1 VALUES ARE THE SAME AS 4

T T g SO,
[ o T T I T T T Y B[]
PLEE S VT

-4 2>

RES AT (12),8XI1(12)

NAM LIS /X/SNR,R,PR,1,TS

“ATH SNP,R'PW.I/16..ﬂ.GZ21.-CGﬁ625:4/
1 2 I?,19,F¢/0,9,2./

2 » IDENT, TS, IPGMIC/0,1.0,103/

[P o B B
kﬁl‘E(91.5)IQ,FZnFZ,Fﬂ,FG.Fa.FG.FﬂnIDENT.IPGHID
ENO FILE 21

IFCT.ER,P)STNP

NRITVE(S,61)

FORYAT( FliE=1/)

REAN(5,42)FNAMF

FORMLT (&R)

CAL_. QFILE(21,FNAME)
WRITE(5,21)SNR,R,PR,1,TS

FORMAT(' SNR=',fF5.1,' R=',F5,2," PR=',FB,5,' I1=',12,
1 ' TS:':FS.3»' Sx'/)

REAO(5, ¥)

IF(1.LE.1)G0 TN 58

ER==# (17 a8 (,1"SNR))
ES=(1,-R)8 (3@, s (,14SNR))
ERDR=12,#AL0OG1I(ER)
ESDR=12 . «ALNGLA(ES)

PR1=PR

IF(T,ED.2)PR1=1,

TS1=¢.

[F(T.£EQ.5)TS1=TS
WRI“FE(21,5)19,ERN8,ESDB,PRL,FB,F0,F@,TS1, IDENT, IPGMID
FORMAT('3)7E12-3IZI5)

ENE=1.,
IF(I.NE.2)ENZ21,+PRo16,8(,58FR+,5aEFS)
BY=:,/SZRT(ENZ)
ALL1'2E=-2.00AL0G(10,)8ENZ
3X=1,/S9RT(,5«ER+ENZ)

AzSTRT(=S)ugX

IFCILNE.B)GO TD 27

WaSART(FS)

—_ Dy=.p5818

Vsl.~-11.,4DV

CO0 25 Ja=1,10

VeV+DV

Bx1(JA)=1,/SQRT(ENZ+.54EReVay)

AT( A eWaBX]I(JA)aY

CONTINUE s

27

DO 37 x=1,251

Te=f,0+FLQAT(K=1)e,02
BaSNRT(AL102E=T)
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28
29

PF‘:(‘(‘F(_}, .BoBY.lni-E-B)
PD=bQF(A,d¢BX.1.1.E-5)

IF{".NZ.5)G6D TN 29

NQ 28 Jt=2,10
PD=PD*2.¢COF(AI(JA).8’9XI(J‘).1:1.E‘B)
PD=!°0+GOF(AI(J):E“BXI(l):lni.E-B))O.D5
CONTINUF

PF=+LOG1RA(PF)+6,7

PD=<FFInv(PD)

[F(20,537.4:25)6G0 TO 31

3@

nnnnl

[F(PD.LT,-4,3)60 TO 3¢
WRITE(21,5)1,PF,PD
CONTINUT
WRITE(2.,5)17,F2,F0

GnN 70 2m

END

IMVERSE OF ERFC® MOUIFIED FORM OF SSP SUBR NDTRI

FUN~TION ERFINV(PA)
LAT: A1.A2.A3/24515517‘2L522351L2*2133231

1 nA4-A5-A6/1.4327R8:2.189269-V.ﬂﬂi3q8/

FzPe

IF(P.LE.@.160 TO 2

IF(P.GF.1.3G60 Tn 3
IF(e,GT.0.5)P=1,-P .

T2=-2.%4L0G(P)

T2SQRT(T2)
X=T—(A1¢A2°T*A3¢T2)/(1.+A4“T¢AS'T2*AAOTOT2)
IF(PA,_7.28.5)X=-X

ERFIiNy=Y

RETURN

[ S

tRFINVE-999,
G0 70 1
ERFiINV=399,
Gp T0 1

END

.C
c

. GENERALIZED ® FUNCT]ON

FUNCTION GOF(A,B,N,ACC)

ApAzanpep,5

38=3#Bep,5 .
IF(A44+33,67,172,)G0 TO 8
DEXPASEXP(=0.5644)

—DGAMA=zEXP(-3.548R)

SCALESIEXPA@DGAMA
FKaN=-1

FKM=2,2

__GAMA=DGAMA

ToF=@.92

Go 10 2
FKM=FKM+1,0
DGAMASQGAMA®RR/FKM

GAMAZGAMA+DGAMA
IF(FKM, LT, FKIGO TO 1
FKe2.0
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ie
11

GO TO 4

FK=FKe1, 0

[F(TK,57,2M80,7)60 TO 8

FKM=FKM+1,0

DGAMA=NRAMARRB/FKM

GAMA=GAMA+DGAMA

DEXPA=)r XPA®AA/FK

DAF=NEXPASBGAMA

1QF =TQF«NQF

IF(ONF,.GT.ACC#TRF)GO TO 3

TAF=TQFaSCALE

IFCTOF ,GT,1.2-12.2%ACCIGO TO 8

[F(TOF ,.T. M. 2)TQFe0 .

GRF =TQF

RETIPN

DsARS(A-B)

IF(N.LT.3.8)60 TO 11
TQF:-.9189385332#(FLOAT(N)-.5)~(ALOG(B)~ALOG(A))-.SOD'D-ALOG(D)
IF(-87.8,6T.TQF)GO0 TO 1@

TAF=EXP(TGF)

IF(P.LT.A)TQF=1,0A=TOF

GAF=TQrF
G0 T0 8
TQF=2.2
GO TO -9
T=A8S (D)
Tel.0/(1.0+7.23164198T)

220 .3989423#XP(-D#Nwp,5)

TQF=1,-2§T!((((1.336274GT-1.821256)0T+1.781478)'T—.3565638)0T¢
i 7.,3193815)

IF(D.GT.0.0)TQF=1,8-TOF

G 70 9

END
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MULTIPLE  CCEZ7S NOISE ! SIMULATION =-- PLOT PROGRAM
VERSION 3

17 COMmMAND _'NE TYPE
M=PL.OT "90M MNEW FILE
1=PLCT IFTINONS
=PLUT | TNE TYPE MASK
I-CAPTI~N _iNE
1% 2-ST0~
. 1-PLOT oV CtRRENT AXES
2-PLOT riv & NEW SET OF AXES
9-NEW AYES, OLD PLOT PARAMETERS
12: B=NO ' INE CAPTION
N~ST&RTING POSITION OF LINE CAPTION
Ta: 2-NQ XIS LARELS
1-AX]S LABELS
I5: A-NO 4EADING CAPTION
N-HEADINE CAPTION POSITION
16t N-SPATE 3rTWEFN HEADING AND PARAMETER LARELS
17: LINE TYPE HEADING
»=NANE
1-SHORT
2=LONG
'e: DOTTED LINE PATTAERNS FOR PLOTTED DATA
Aa-NC pCTS
1=-INDICATE ‘LINE TYPE
2-INDICATE LINE INDEX
19: PARAMCTER | ARFIS
A=NONE :
1-SHORT
2-LnMG

nnnnnnononnnnnonnnonnnnnnnnnﬂnnn

INTZGER M(10)
CoM 0N /DACOM/MASK(12),ER,ES,PR,BP.FP,0W,TS,10,1P,0E
1 /°LCOM/S,0,BsXS,YS,2S, IPAGE
DATA 14.,15,16,17,18,19/0:8:08.8,2,1/
1 IM/1.505011111515E1010/
a0 1 l2zs1,10
1 MASS(12g)=M(]12®)
—_S5=2,
D=z.23
Bs.5
£S3%a,28
IPACE=2
CaLt IFILE(28,'PPLCM")
C COMMANDS REAT FROM 'PPI CM.DAT®

c
i@ REAC(22,15)10,11., 12, NAME,IT
15 FORMAT(311,A5,A4)

~1FL1g.F0.8)60 TO 20
C COMMAND LTNE IN UNEXPECTED PLACE

17 FORMAT(' #e COMMAND SYNC ',11)
GO TQ 24
20 IF(I1.EQ.0)G0 TO 24

JP(IT.EQ.'.DAT'IGO TO 25
WRITE(5,21)18,11,12,NAME,IT

21 FORMAT(' e# FI|F NAMF *,319,2a8)
24 CALL PLOT(12.#5,0.,999)
S10P

C APPARENTLY GOOD TYPE @ COMMAND LINE
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25 IF(11.EQ.1)60 TO 52
IF(11.E0.9)G0 TO 34
REAN(27,32)10,14,15,16,17,18,19

32 FORMAT(7211)

. IFCI@.NE,1)G0 TO 16
READ(22.32)18,MASK
IFCI2.,NE,2)G0 TO 16

34 CAL: PROBAX(14)

YS=-4,748
1F(14,EC,0)YS=YS+, 488
IFCI5,NE,B)CALL COPY(]S)
IF(17 . NE.BICALL LINETP(I?)
YSEVS-FLOAT(24]18)4S

INDEX=D
C PLOT ALL ' INES IN NEXT FILE
52 CCALL TFILE(21,NAME)

IF(12.NE.B)CALL COPY(12)
CALL LINPLT(I8.19,INDEX)

END FILE 21
WRITE(5:52)NAME

52 FOR“AT(' END ',A5,',DAT")

G0 10 1¢

END

C PLOT DATA IN NNE SOURCFE FILE

c
SUaP0UTIME LINPLT(18,19, INDEX)

= _UEQ“EQMHIDACOMZﬂASKLi@lgERzii.PRLEEJFP.DN.TS.IDoIP'DE

1 /”LCOM/S,D,B)XS,YS,2S,IPAGE

C

10 REAN(21,12)1¢,ER,ES,PR,BP,FP,DW, TS, 10, 1P

12 FORHAT([3I7E12-3'215)
IFC12,22,2)60 TO 15

) IF12,50,9)RETURN

13 WRITE(5,12)12,5R,ES,PR,BP,FP,DW,TS,1N, 1P
WRITF(5,14)

14 FORMAT(® @« LINE SYNC LINPLT, RETURN')
RETURN

15 REAN(21,12)J,PF,PD
IF(J.EQ.2)GO TO 19 - I
IF(U.6T,1@)J=12

16,07, 100212
IFCJ.NE.TB)GO TO 19

C THIS IS ANCTHER POINT ON THE CURRENT L INE
1IF(18-1)16,17,18

14 CALI PLrT(PF#S,PDwS,2)
Go T0 15
17 CALL DOTLIN(PF,PR,.1@3.2)
GO T0 15
18 CALL _DOTLIN(PF,PD,INDEX,2)
GO T0 15
— £ THIS 1S ANOTHER PLOT LINE -- SET MeaDING
19 IF{MASK(J),.EQ,2)G0 TO 15
ez,

INDE X2 NDEX+1
1F(19,E0,P)G0 TO 20
XSz-2S

YSsYS=1,7#28

CAL. NUMBER(-4,#2S,YS,2S,FLOAT(INDEX),a,,@)
_ —_ DE=PRe14,#255,
IFC19.EQ,1)CALL PARMS1(18,J)
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IFC19.€4.,2)CALL PARMS2(18,J)

2@ IF(»F.GT,2,B)TXzPF#S+, 2428 =

IF(PF,LE.2.5)TXsPFag-1,2#2S

CAL. NUMBER(TX,PReS- . 5#2S,28,F| DATLINDEX) B, ,=1)
IF(1R-1)23,24,25

23 CALL PLOT(PF#S,PD#S,3)
Go TO 15
24 CALL DOTLIN(PF,PD,12,3)
Gn TG 15
25 Cali DOT| INCPF,PD, INDEX,3)
GO TO 15
END-

C INSERT CAPTION LINE

(o

15

_SUBROUT.NE LCOPY(J)

INTTGER STR(16)
COM4ON /PLCOM/S,D,B,XS,YS,2S, IPAGE

READ(22,7)1,K,STR
FORMAT(71,12,16A5)
IF(1.EQ. 3160 TO 15
wWRITE(5,7)1,K,STR

WRITE(5.9)
FNRMAT(' ## CMD SYNC COPY, STOP')
STOP

YS=2vS-1,782S

XS2-5+2.¢Z8aF  0AT(J)

TALl SY“%GL(XS.YS.is.STPoG..K)
XS=aS+F_0AT(K+1)a2S

RETIikN

£Nd

C PROBABILITY &x]S PLOT

c
c

SuBPOUTINE PROBAX(LBL)

REAL YP(11),N(11)

DATA YP/-3.719,-3.091:-2.327,-1.6452,-.84146.0.

2 »+841456,1,6452,2.327,3.091,3.719/

3 WN/5H.B201,5H 884,54 .@1,54 .25,5H 12+ 5H
4 +5H «8,5H .95,5H .,99,5H ,999,5H,9999/
COMMON /PLCOM/SCLE,D22D,0008,D00XS,D2aYS,D072S, IPAGE
IFCIPAGF.GE.1)G0 TO 1p@

CALL PLOTS(IA)

IF(14,592.2)G0 TO 305

o WRITF(IWS5,3P1)]A

301
305

FORMAT(' CANT OPEN PLT lA=',15)
STOP

CONTINUF

CALL PLOT(?,54SCLE,-13,0#SCLE,~3)
CAL_ PLOT(1,06SCLE,8.58SCLE,-3)
1PACE =1

i29

InlR=g
GO 10 110

IDIR=101Re1
IPAGE=IPAGE+1
IF(IDIR.GE.4)ID]RxQ

IFCIDIR.EQ.@)CALL PLOT(11,%SCLE,%,,=3)
IFCIDIR.EQ.1)CALL PLOT(B,,13,.58SCLE,~3)
IFCIDIR.EG.2)CALL PLOT(14.,#SCLE.@,,=3)
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[FCICIR.EQ.3)CALL PLOT(P.,-13.54SCLE,~3)
112 CeLi, PLOT(3,0eSCLE,=~4,0eSCLE,3)
L0 129 1=1,11
Call PLOT(O,24SCLE,YP(J)®SCLE,2)
CALL 2LOT(=,19SCLE,YP(J)#SCLE,2)
CaLL ELOT(@.2«SCLE,YP(J)aSCLE,3)
122 CINTInUE
LalL! PLIT(@.2%SCLE,4.Q#SCLE,2)
nn 13@ \,'31'4
CALL PLOT(FLOAT(J)&SCLE,4.G4SCLE,2)
CallL PLOT(FLNAT(J)#SCLE,4,1eSCLF,2)
CALL PLOT(FLOAT(J)®SCLE,4.28SCLE.3)
134 CANTINUE
Call PLUT(5.2#5CLE,4,@#SCLE,2)
0e 14 U=11,1,-1
CilL FLOT(5.M#SCLE, YP(J)®SCLE,2)
CLL PLOT(5,4#SMLE,YP(J)eSCLF,?)
Call ~LOT(5,04SCLE,YP(J)*SCLE,3)
14nm CANTINUE
CAL. PLOT(5.04SCLE,~4.24SCLE,2)
D 18p 24,1,-1
Call PLOT(FLNAT{(J)®SCLE,-4,aeSCLE,2)
CsLL PLOT(FLOAT(J)®SCLE,~4,14SCLF,2)
Call PLOT(FLOAT(J)#SCLE,-4,@%SCLF.3)
152 CINTIVUE
CAL. P_OT(@.0#SCLE,-4.,08SCLE,2)
IF(LEL.LT.2)G60 TO 171
CaLyL SY?BOL(-D.7°SCLE.-2.5'SCLE:.21'SCLE
1 +'PKOBABILITY OF DETECTION',90.,24)
Do 160 J=11,1,-1
CALl SYHBOL(-.8°SCLE.(YP(J)-.E?)OSCLE..14'SCLE.N(J).@.G.5)

163 CONTINUE
CaL. SYMROL(-@.21#SCLE,-4.63#SCLE,.218SCLE,
1 "PROBABILITY OF FALSE ALARM!',2.,26)
Do 170 J=1.6
K==

Xz=FLOAT(6-J)-,21

CalLL SYMBOL(X#SCLE,-4,3#SCLE,.1485CLE,'10',0,,2)

CrLL HUMBER((X*.Za)hSCLE:-4.2“SCLEn.B7CSCLE:FLOAT(K);B-n‘1)
17 CONTINUE .

171 RETUPN
END
C PLOT A DOTTES LINE
c
c
SURROYTINE DOTLIN(XR,YR,IPATRN,IPEN) i
COMMON /PLCOM/SCLE,DOT,SIZE,N@aX,0r0Y, D008, 132P
c_ .

IFCIPEN,NE.3)GO. TO 100
C PEN UP MOVE _
C RESET PATTERN ALSO
192=(2, #DOTeFL OAT(IPATRN) +.2@1)/S12F I
TSIZEsSIZE#FLOAT(]0Q+1)
XaXR
YsYR
CALL PLOT(Xw#SCLE,Y®SCIE, %)
C RESET PATTERN BLOCK
__ 9@ DISTOTeTSIZE-,00001

DISLFTaTSIBE~FLOAT(IPATRN®2)#DOT
1STS=2
DISTOT=DISTOT-0ISLFT
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C CONTINUE PLOTTING CURRENT LINE

10@ _XpIS=XR-X -
YDIS=sYR-Y
DISMGV:\GRT(XQLSOXDIS+YQIS'YQIS) ——
IF(PISMOV,6T.DISLFTIGO TO 125
DISLFT=0ISLFT-DISMOV
CALI PLOT(XR8SCLE,YR®SCLE, ISTS)

X=X

YzY®e
N RET JRN
C CURRENT STROKy DOES NQOT REACH THE NEXT POINT
105 XzX+XD[S#DISLFT/DISMOY

YzY+YDIeDISLFT/DISMOV
CALL PLOT(XeSCLE,Ye®SCLE,1STS)
DISTOT=NISTNT-D0T .
~ - IF(2ISTOT.LT.8.160 TO 22

IFCISTS . LE.2)]STS=4
1STS=1S7S-1
DIS' . Fr=roT
Go TC 1¢e
END

C PAKAMETER LABELS -- SHORT FORM

c

SURRQUTINE PARMS1(I8,LTP}
COMMON /DACOM/DAMASK(10),ER,ES,PR,RAP,FP,DW, TS, 1D, 1P, DE
1 /72LC01/8,0,8,%XS.YS,2S,IPAGE
IF(ES,LT,-19.,)60 TO 1@
CaLL. SYM('ES=',-3)
CAL . NUM(ES,1)
10 IF(ER,LT.=19.)6G0 TO 20
TF(7S.5T,-10,)CALL SYM(', ', 1)
CALL SY"('ER=',=3)
CAL. NJM(ER,1)
20 CAL. SYM('NP=z',3)
CaL: wnuU!'"(DE,2)
IF(BP,.T.0.1)60 TO 32
CAL' Sywm('Bp=',3)
CAL_. NUM(BP,2)
39 IF(FF,LT,1.5)69 TO 42
CALL SY“('PTS=12',6)
CALY NUMBER(XS.YS+.4#ZS..B'ZS.FP.@-.-i)
. XS®XS+ZS
4a [FCIP,LT.3)60 TO 70
IF(TS,L7.2.801)G60 To 52
Ir((LTP.EO.ZJ.OR.(LTP.E0.4>.0R.(LTP.GE.é))GO T0 s@
CALL SYM('TSs',3)
CAL. NUM(TS,3)
50 IF(OW,.ER.B.)60 TO 55
CAL" SYM('DW=',3)
CalL NUM(DW,3)
55 [FLID.LT,2)G0 TO &0
CALL SYM('ID:',3)
CAL'" NUM(FLOAT(ID),=1)
60 IFCIP,LE.@)GO TO 70
CaLi. SYM('IP:!,3)
CALL NUM(FLOAT(IP):=1)
70 IF(18,EQ,1)G0 TO @@
CALL SYM('TY:',3)
CAL! NUM(FLOAT(LTP),-1)
80 RETIIRN
END
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C TARAMFTFR LLARTI 3 == LONG FORM

o
SURRGUT 'RE PARMS2(IR,LTP)
SAM AU JDACJM/”ASK(1Z).ER.ES.PR:EP.FP,Dw.TS.ID.IP,DE
1 /2LC24/8,0,8,XS,YS,2S, IPAGF
CALL SY:A('SPR=z',-4)
IF(rsS,LT,-19,150 TO 1@
[FCER.GT =19, )CALL SYM('(',=1)
CALL NUMCES, 1)
CalL SYM('DB NON=-FLUCTUATING',-1p)
IFCFR.GT, =19,)7ALL SYM(', ', ~q)

10 IF(FR.LT.-19,)G0 TO 15
CaLy NUM(ER,1)
CALL SYM('Dm FLUCTUATING',=14)
IF(=S,67.-19,)CALL SYM(')t,=1)

15 Cakt SYM('NP=1,3)
CALi NUV(DE,2)
IF(3P.LT,.0.1)60 TO 23
CAL . SY*('BREAKPOINT=',11}
CAL NuU.(BP,2)

20 [FOIP,LT.3)60 TO 3@
IF(OW.20.2,)60 TO 2%
CAL' SYM('DOPPLER Bws',11)
CALL NUM(DW,3)

25 IF(YS.LT.2.821)G0 To 30
IF((LTP.EQ.Z).OR.(LTP.E0.4).0R.(LTP.GE.é)JGO TO 39
CALL SYM('SAMPLE PERION=z',14)
CALL NUM(TS,3)

30 IF(FPL.LT,1.5)60 TO 32
CALL SYM('SIM SIZE=12',11)
Cali NUMBER(XS.YS+.4°ZS..B“ES,FP.G..-l)
X§=XS+,0428
CALL SYM('POINTS',-§)

32 IFCID,£3.2)60 TO 35
CaLt SYM('WAVEFORM:',9q)
CAL. NUM(FLOAT(ID),-1)

35 IFCIP,EQ.0)60 TO 4@
Cal. SYM('SQURCE:',7)
CALL NUM(FLOAT(IP),=1)

4¢ [F(16.50,1)60 TO 13g o o
IFCCLTP . NEL1),AND, (LTP.NE, 3))G0 TO 110
CAL| SYM('SIMULATIONS ',12)
IFC.TP,ZQ.3)CALL SYM('NON="',-4)
CAL_ SYM('LINEAR ',-7)
CALL SYM('REPEATER ',-9)

. GO 70 13p

110 IFG.TP.GE.6)G0 TO 129
CAL! SYM{'REFERENCE; ',11)
IFCLTP.EQ.2)CALL SYM('NQ 'y=3)
IFC TPLEN,S)CALL SYM('SAMPLED, '1=9)
IF(LTP,GE.4)CALL SYM('GAUSSIAN ',-9)
CALl SYM('MULTIPIE ',-9)

CALL SYM('ACCESS ',-7)

— — CALL SYM('NQISF ',-g) e S
GO TO 13p

—120 ~ CALI SYM('CHERNOV ',8) —=_
IFCLTP,EQ.5)CALL SYM('LOWER 1,6)
IFOTP.ER.A)CALL SYM('UPPER LAY 9]

CALL SYM('BOUND ',~g)
130 RETURN

END
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C PRINT SYMBOL IN LINE, \KEEP TRACK OF POSITION
C_

SUBROUTINE SYM(STRING,K)
INTEGER STRING(2)

COMMON /PLCOM/S,D,B,XS,YS,2S, IPAGE

_.NalaBS(K)

IF(K.LT.2)G0O TO 1p

CAL! SYMBOL(XS,YSs2S,'2'20.:1)
XS=XS+28

TsF: OAT(N)I®#ZS+XS

20

IF(T.LT.4.888)G0 TO 20

XS=,2#8

TeXS+FLOAT(N)#2S

YS=YS-1,7028S .

CAL:. SYMROL(XS,YS,25,STRING,2.,N)

_  Xgs7J

RET/IRN
END

C PRINT A NUMBER AND KEEP TRACK OF LINE POSITION

c

SUBROUTINE NUM(F,N)
COMMON /PLCOM/S,D,B,XS,YS,2S,1PACE

12

UsAaS(F)

Va2s

00 12 1=1,20
Us.1#0 -
IFCU.LT.1,26N TO 15
V=V+ 28

15

2@

VaV+FLOAT(N+1)8ZS
IF(xS+V.LT.5.645)G0 TO 28
X$=p.,28S

YS=YS-1,7428S

CALL NUMBER(XSIYSIZSIFJZDDN)
XSevSsy

RETURN
END

C LINE TYPE LABELS

c

SUBROUTINE LINETP(LVL)

——— COMMON /PLCOM/S,D.B,XS,YS.2S,IPAGE

i /GACOM/IMSK(lﬂ):ER.ES.PR.BP.FP.D“-TS.ID.IPpDE
Do 22 !=1.,7 -

IF{IMSK(1).E0.8)G0 TO 2@

YSEYS=-1,7e25

CALIL. DOTLIN(-2.8,(YS+.B5425)/5,1,3)

CALI DOTI IN(C-2.2,(YSs+ %&BS)/S,1,2)

XS2-,1585 ‘

IE(LVL.LT,.2)60 TO'B

IF((I.EQ.l).OR.(I.EQ.S))CALL SYM('SIMULATION DATA,
IELLL+EQF21LOR*LI+EQ441+QEALL.ER.!!)

1 CaLL SYM('REFERENCE DATA, ',=18)

IFU(T.E0.68) OR.(T.FQ,2))CALL SYM('EHERNAY ',<B)
IFCI.EQ,1)CALL SYM('LINEAR',-6)

IECILEQ.2)CALL SYM('NO',=2)

IF(T.EQ.3)CALL SYM('NON=-LINEAR',=13)
1E(1.EQ.4)CALL SYM('GAUSSIAN',~8) -
IFCI.EQ.5)CALL SYM('SAMPLED, GAUSSIAN',=17)
IF(1.EQ.6)CaI | SYM('UPPER',=5)

'1'17)

IF(I.EQ,7)CALL SYM('LOWER',=85)
IF(LVL.LT.2)G0 TO 2¢
IFCCI.EQ.1).OR.(1,EQ.3))CALL SYM(® REPEATER',=9)
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2e

IFCAT,E0,2) . NR.(1.EQ.4),0R.(1.E0.5))

1 CALL SYM(' MULTIPLE ACCESS NOISE',-22)
IFCT.20,6).0R. (1.EQ.7))CALL SYM(' ROUNADY1,~6)
CONTINUE

RETL RN

END
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C MAXIMAL LFNGTH SHIFT REGISTER SEQUENCE GFNERATNR
C FOR MULTIPLE ACCEFSS NOISE SIMULATION PROGRAM
[
LOGICAL ISIGNL(255,16),1C0N(8)
INTEGER MCON(16,2),1TEST(8),I1CELL(B)
NaT4 MCON/285,299,321,333,351,355,357,341,369
1 1391,397,42%,451,463,487,%01,16%1/
C NEFINE PN SEQ FILE NAME
CaLL OFILE(2@,'PNQAL")
C LOOP TO SET 16 PN SEQ COEFFICIENT SETS
00 P M21,16
N=MCO"' (M,1)
ISTART=MCON(M, 2)
C SET SHIFT REG'STER TAPS
DN 2 1=1,8
ICELL(I)=MOD(ISTART,2)
ISTART=1START/2
ITEST(I)=ICELL(I)
ICON(I)=MON(N,2),EQ.1
2 Nz=AN/2
C GFNERATF ML SHIFT REG SEQUENCE
Dc 4 121,255
ISUM=ICELL (1)
on T J=2,8
IFCICONCJ) ) ISUM=TISUM+ICELL (J)
3 ICELL(J=-1)=ICELL ()
ICELL(8)=MODC(ISUM,?2)

4 _ ISIGNL(I,M)=]CELL(B).EQ.1
C TEST SEQUENCE PERIOD WHEN FINISHED

02 5 J=1,8

IFCICELL(J) NE.ITEST(J))GO TO &

S CONTINUE

G 70 &
(-] TYPE 7,M
7 FNRMAT('PN SEQ PERIOCD ERROR',13)
8 CONTINUE
C WRITE OUT DATA ON FILE PNQG1.0DAT

WRITE(22)ISIGNL
sToP
END
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C RANDOM SIGMALS FOR MULTIPLE ACCESS NOTSE SIMULATOR
C SUBSTITUTE FOR PN SEQUENCES
c
C.OLIPUT IS CN FOR21.DAT, RENAME IT
LNGICA. SEQ(4Q87)
CaLL SETRAN(2)
P309999
10 Sz.58p
B0 26 I=1,4¢89
12 TR N(2)
[F(T.GT.PIGO TN 12
SEQACI)=T,G6T,S
20 CONTINUF
30 42 I1=1,16
1822558 (11~1)
31 NEY)
No 22 k=1,255
IF(SEQUIE+K) ) y=y+1
32 CONTINUT
IFCU.ER,128)6G0 TO 4g
IR="48S(y-128)
L0 34 la=1,IR
K=1+IB*254.999¢'RAN(6)
PO LY. 128)SEQ(K) =, TRUE,
IF¢1.GT.1298)SEG(K)=,FALSE.
34 CONTINUT
GO ™Hh 31
42 CONTINUE
WRITE(21)SEQ
STQP
ENnD
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