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1. INTRODUCTION

Success in modern military warfare depends heavily on maintaining
adequate and secure lines of communication. Thus, the attempted
interception and jamming of communications by the enemy seems
inevitable, and measures must be taken by the communicators to ensure
that their lines of communication remain open and secure. One method of
decreasing the vulnerability of communication systems to interception
and jamming is to employ spread-spectrum techniques. These techniques
provide resistance to jamming and interception by distributing the
transmitted energy over large bandwidths. The energy density of the
transmitted waveform is therefore decreased, yielding a low probability
of intercept (LPI) system. In addition, if unsophisticated jamming of
at least a significant portion of the signal bandwidth is desired, then
the bandwidth over which a jammer must operate is increased, forcing the
jammer to dilute its available power. This dilution results in
decreased jamming energy density and, consequently, decreased jamming
effectiveness. )

The quantification of the decrease in jamming effectiveness and the
corresponding increase in the intelligibility of the communication
signal is not a simple procedure, hcwever. In fact, signal
intelliqgibility is a highly complex function of the signal and jamming
parameters, atmospheric and terrain conditions, and a number of other
factors. Voice communication intelligibility is particularly difficult
to theoretically quantify because it is heavily dependent on the
communicators' speaking and listening abilities as well as on message
content. Digital data intelligibility, on the other hand, is somewhat
simpler to quantify in terms of bit error rates, but the use of bit-
interleaving techniques or error-correcting codes in the communication
system can complicate the determination of word error rates. Spread-
spectrum techniques, because they tend to decrease transmission errors
in the presence of jamming or other interference, further complicate the
determination of digital message intelligibility.

This paper describes a computer program which analyzes the
performance of digital communication systems that employ certain types
of spread-spectrum techniques in the presence of interfering signals.
The program computes the bit or word error rate as a function of the
communication signal parameters (spectrum spreading technique, error-
correcting codes, data modulation, bandwidth, etc.) and the interference
parameters (thermal noise, jamming power, jamming modulation, jamming
bandwidth, etc.). The program output consists mainly of plots of bit or
word error rates as functions of one or more of the signal or
interference parameters, as determined by the user. The plots are
produced interactively on a Tektronix-type storage-tube graphics
terminal connected to an IBM 370/168 computer which executes the
program, The use of interactive computer graphics provides rapidly
produced results and high user-computer interaction.

EPeE KWL P

AR,

',.M’V;W -




The computer model, as well as the theoretical treatment! on which
the model is based, assumes that the spread-spectrum receiver has
acquired the intended signal and that the transmitter and receiver are
in perfect synchronization. Thus, the effects of jamming on signal
acquisition and synchronization are not modeled in this program.

Since the computer model described in this report is based on the
theoretical treatments of Torrieril 2 and since this report frequently
references those treatments, ugers of this report should have CM/CCM-78~-
2 and OM/CCM~79-9 readily available.

2. PROGRAM OVERVIEW

The computer program described in this paper was designed to analyze
and compare digital communication systems employing two types of spread-
spectrum techniques: frequency hopping (FH) and pseudonoise (PN, also
known as direct sequence or DS), in environments where considerable
interference is present.

Frequency hopping is defined as the periodic changing of the
communication signal-carrier frequency throughout a wide band of
frequency choices. A system that changes frequency at a rate higher
than the data rate of the digital information to be transmitted is
called a fast-frequency hopping system. A system that hops slower than
the information rate is called a slow-frequency hopping system.
Although the bandwidth of a frequency hopping signal at any given
instant during transmission is small (aproximately equal to the data
rate in slow-hopping systems or the hopping rate in fast-hopping
systems), the total bandwidth occupied by the signal over a long period
of time is much greater than this "instantaneous” bandwidth because of
the hopping carrier frequency (see fig. 1). The resistance of frequency
hopping signals to intercept and jamming derives from the large total
bandwidth generated by the hopping systems. In order to be effective
against most practical hopping systems, a potential interceptor or
jammer must either follow the hopping signal in frequency or increase
its bandwidth to encompass at least a significant portion of the hopping
bandwidth. The former tactic is a difficult task, especially for
systems with high hopping rates; the latter tactic results in a
reduction in the interceptor's signal-to-noise ratio (making
interception more difficult) and also in the amount of jamming power
present within the relatively narrow "instantaneous" bandwidth of the
hopping signal.

Ip, J. Torrieri, Frequency Hopping In a Jamming Environment, U.S.
Army Development and Readiness Command, DARCOM Report CM/CCM-78-2
( December 1978).

2p, J. Torrieri, Pseudonoise Spread-Spectrum Systems in Communication
Warfare, U.S. Army Development and Readiness Command, DARCOM Report
CM/CCM-79~9 (December 1979).




Figure 1.

Pseudonoise modulation is defined in this report as the periodic
alteration of the phase of the transmitted waveform achieved by phase-~
shift-keying the carrier after data modulation has been completed.* If
the frequency at which phase alterations occur is considerably higher
than the transmitted data rate, then the null-to-null bandwidth of the
transmitted signal is increased to approximately twice the frequency at
alterations occur (see fig. 1). The resistance of
pseudonoise signals to intercept and jamming derives from the large
bandwidth generated by the pseudonoise system. Sirce the transmitted
energy is spread over a large bandwidth, the spectral power density of
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the signal is reduced, and in some systems is below the noise 1level.
The pseudonoise signal is noise-like, so a potential interceptor would
have great difficulty even detecting the presence of the signal. For a

*Although other forms of pseudonoise modulation exist, phase-shift
keyed pseudonoise modulation is the only type considered iIn this report
because it is the most commonly used type of pseudonoise modulation.

given amount of total jamming power in the pseudonoise bandwidth, the
resistance of the pseudonoise signal to jamming does not depend greatly
on the bandwidth of the jamming because of the despreading function in

LA




the receiver. This despreading function merely demodulates the phase-
shift~-keyed pseudonoise modulation imposed on the signal by the
transmitter, thereby restoring the signal to its original form.
However, the despreading function is actually the inverse of the
spreading function, and the application of the despreading function to
any signals other than the intended pseudonoise signal will result in
the spreading of those signals. Thus, narrowband jamming is effectively
spread by the despreading function, resulting in the wideband noise~-like
spectrum in figure 2. wideband noise jamming is not affected by
despreading because of the random nature of this type of jamming (that
is, further randomization of an already random process has no effect).
Thus, wideband jamming retains its reduced effectiveness (caused by its
wide bandwidth and reduced power density), while narrowband jamming is
altered by the despreading function to look like wideband jamming.
Additional information about frequency hopping and pseudonoise
modulation is available.l™

In both frequency hopping and pseudonoise communication systems, ?
there must be some method which tells the transmitter what frequency to i
change to or when to change phase. This method must also be known to ‘51
the receiver so that it can follow the transmitted signal in frequency
or phase in order to derive the transmitted data as they were before
spectrum spreading was imposed. The method used in most frequency
hopping and pseudonoise systems uses a sequence of binary digits called
} a spreading code. The spreading code is normally (although not
necessarily) a pseudo-random generated code, so that interception of a
portion of the communication signal will not allow the determination of
the code-generation scheme. 1In typical frequency hopping systems, the
spreading code bit generated for each hopping period is shifted into a
shift register containing a number of previously generated spreading
code bits, and the contents of the shift register are used to determine
j the next frequency in the hopping sequence. In typical binary

pseudonoise systems, the new spreading code bit is compared to the
previous bit, with a change in logical state between these two adjacent
bits causing phase alteration of the carrier signal. The rate at which

lp. J. rorrieri, Frequency Hopping in a Jamming Environment, U.S.
Army Development and Readiness Command, DARCOM Report CM/CCM-78-2
( December 1978).

2p. J. Torrieri, Pseudonoise Spread-Spectrum Systems in Communication
wWwarfare, U.S. Army Development and Readiness Command, Report CM/CCM-79~9
( December 1979).

3spread Spectrum Operator’s Handbook, National Security Agency, NSA
Report W32-228-78 (30 May 1978).

“R. C. Dixon, Spread Spectrum Systems, John Wiley and Sons, Inc., New
York (1976).




the spreading code is generated determines

the hopping rate in a

frequency hopping system, but in general does not determine the total

bandwidth of the hopping signal.

(Although the hopping rate does have

an effect on the "instantaneous" signal bandwidth ard thus may alter the
total bandwidth, this alteration is not significant, except in systems
with very high hopping rates and relatively narrow total bandwidths.)

The total bandwidth of a frequency hopping

system is determined

primarily by the range of possible frequency choices (or '"channels")
allowed by the system. As previously mentioned, the null-to-null
bandwidth of a pseudonoise system depends on the spreading code and,
specifically, the bandwidth is approximately twice the spreading=-code

generation rate.
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It is intuitively obvious that the use of frequency hopping or
pseudonoise modulation on a signal decreases the vulnerability of the
signal to narrowband interference by reducing the signal's power density
and increasing its bandwidth. However, it 1is difficult for on to
intuitively determine exactly how much improvement either of these
techniques might offer in any particular communication application.
Theoretical treatments of the effects of frequency hopping and
pseudono _se modulation have been publi's,hed.l’2 The treatment uses
strictly analytical models of these spread-spectrum techniques to derive
expressions for bit and word error rates in terms of the characteristics
of the spectrum spreading techniques being used, the information being
transmitted, and the interference that is present.

The program described in this paper is a computer adaptation of

portions of the theory presented by Torrieri.l’2 The program models the
following communication and interference characteristics.

(a) Spread-spectrum techniques:

1. Fast-frequency hopping--models equation (14) of M/CCM-
78-2.1

2. Slow-frequency hopping--models equations (20) and (59)
of CM/CM-78-2.

3. Pseudonoise (direct sequence)--models equations (54) and
(55) of cM/CCM-79-9.2

(b) Data modulation techniques (frequency hopping only):

1. Binary frequency shift keyed (binary FSK)--This type of
modulation uses two different frequency channels for each transmitted
information bit; transmission at one frequency denotes a logical "1,"
while transmission at the other frequency denotes a "0." Demodulation
of the received signal is done through a comparison of the energy in the
two channels; the higher energy is selected. Thus, the receiver does
not require any threshold circuitry. The advantages of this type of
modulation are that it requires relatively simple and inexpensive
hardware, and it does not require phase coherence of the carrier from
bit to bit. Its main disadvantage is that it requires two channels for
each transmitted bit and therefore uses twice the bandwidth of other
modulation techniques.

Ip. J. Torrieri, Frequency Hopping in a Jamming Environment, U.S.
Army Development and Readiness Command, DARCOM Report CM/CCM-78-2
( December 1978).

2p. J. Torrieri, Pseudonoise Spread-Spectrum Systems in Communication
Warfare, U.S. Army Development and Readiness Command, Report CM/CCM-79-9
( December 1972).
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2. Coherent phase shift keyed (CPSK). This type of modulation
encodes the information bit to be transmitted in the phase of the
carrier. The receiver demodulates this signal by measuring the received
phase and comparing it to a reference; an in-phase or out-of-phase
condition determines the value of the received bit. The advantages of
this type of modulation are its reduced bandwidth requirements (half
that of binary FSK) and its higher resistance (with respect to PSK) to
bit errors due to interference. Its main disadvantages are that it
requires complex circuitry in the receiver for thresholding and phase
measurement and that carrier phase coherence must be maintained by the
transmitter when generating the information bits.

(c) Error-correcting codes: The program allows the wuse of
repetition coding, where each information bit, is transmitted more than
once and at more than one hopping frequency. The receiver uses majority
rule to determine the correct value of the information bit. The program
also allows Hamming-type error-correcting codes, such as (7,4) coding.
This type of coding converts a 4-bit information word to a 7-bit
transmitted bit stream. The receiver is able to detect up to two bit
errors in the 7-bit stream, and can correct one bit error in the stream,
thereby correctly restoring the 4-bit information word in spite of the
single bit error. The program accepts any type of (m,n) coding; the
user need supply only m (the total number of bits after coding), n (the
number of information bits per word before coding), and the maximum
number of bit errors that the code can correct in each mbit block.
(For [7,4) coding, these numbers are 7,4, and 1, respectively.)

(d) Jamming techniques:

1. Wideband Gaussian noise jamming with variable bandwidth.

2. Narrowband (continuous-tone) jamming.

3. Narrowband repeater jamming (sometimes called follower
jamming) .

4. Wwhite noise repeater jamming.

The user of the program also specifies the following parameters.
(e) Information bandwidth: The bandwidth of the information signal

before spread-spectrum techniques are applied. This value is also used
by the program as the frequency hopping channel bandwidth.

(f) Total bandwidth: The bandwidth of the transmitted signal after
spread-spectrum techniques are applied.

(g) Number of hopping channels: The total number of frequency
choices (or pairs of frequency choices for binary FSK modulation)
available for frequency hopping. The number may either be specified by
the user or derived in the program by dividing the total bandwidth (f,
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" above) by the information bandwidth (e, above). The latter derivation

results in the use of the maximum number of hopping channels available
in the total bandwidth.

(h) Signal-to-noise ratio (SNR): The ratio in decibels of the
total signal power to the thermal noise power.

(i) Jamming-to-signal ratio (JSR): The ratio in decibels of the
total jamming power present over the total spread-spectrun bandwidth to
the total signal power. 1In other words, JSR is the jamming-to-signal
ratio that would exist if no spectrum spreading techniques were used and
if the total jamming power were concentrated. within the information
bandwidth.

The program does not consider signal acquisition and synchronization
in its analyses of spread-spectrum communication systems.
Synchronization is the procedure that aligns the pseudo-random codes
used in generating the transmitted spread-spectrum signal with the codes
used in the despreading portion of the receiver to allow proper
despreading to occur. The problem of synchronization in spread-spectrum
systems is similar to the problem of synchronization in enciphered
systems because enciphered systems also employ pseudo-random codes that
must be properly aligned in the receiver before deciphering can be
accomplished. Since transmitter-receiver synchronization is required
before any communication may take place, this is often considered one of
the more vulnerable links in a system. In particular, hostile jamming
may be targeted on a communication system specifically to deny or
disrupt the synchronization process. Although this process is an
important part of any spread-spectrum system, it is difficult and
complicated to analyze or model because of the many variables
involved. Therefore, both the program described in this paper and the
theoretical treatments of Torrieril’? on which this program is based
assume that transmitter-receiver synchronization has been accomplished
and is maintained throughout the duration of the communication in
question.

3. PROGRAM DESCRIPTION

The computer program described in this report employs interactive
computer graphics to provide improved user-computer interaction and a
simple, easily understood graphical display of the results of an
analysis. Dialogue between the user and the program is generally in a

question-answer format. The user is first supplied with a short

lp. J. Torrieri, Frequency Hopping in a Jamming Environment, U.S.
Army Development and Readiness Command, DARCOM Report CM/CCM-78-2
( December 1978).

2p. J. Torrieri, Pseudonoise Spread-Spectrum Systems in Communication
Warfare, U.S. Army Development and Readiness Command, Report CM/CCM-79-9
( December 1979)
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overview of the program. The user is then asked a series of questions
concerning the characteristics of the communication system and the
interference environment to be analyzed. The program displays each
question, and then waits after each question until the user has provided
an answer. Some questions require only a yes or no answer; others
require the user to choose from a list of options, in which case invalid
answers will be rejected and the question repeated; still others require
a numerical value such as SNR, and any number will be accepted. The
answers to some questions will control the sequence of succeeding
questions. All questions have a default answer, so that any question
which is not given an answer by the user will nonetheless be assigned
the default answer (usually a typical answer or an answer which allows
the user maximum flexibility in succeeding questions).

The question-answer section of the program is composed of three
parts, which are discussed in the following.

(1) The first part requests some general information about the
analysis, i.e., the type of spread-spectrum technique to be used, the 4
type of jamming present, and the type of error-correcting coding to be
used (if any).

(2) The second part requests the format of the graphical output
desired by the user. The user may select both the x-axis variable and
the family variable. The x-~axis variable is the signal or jamming
parameter that the user wishes to vary in order to evaluate its effect
on the bit or word error rate of the communication system. This
variable appears as the x-axis variable on the graphical plot output
produced by the analysis. The family variable is the signal or jamming
parameter which is allowed to assume a number of discrete values
(maximum of 9 values) in order to produce a family of curves on a single
plot, with each curve representing one of the sgpecified family variable
values. The user is prompted by the program for the x-axis variable and
its range of values, and for the family variable and its discrete
values. The parameters that follow may be specified as the x-axis or
family variables.

(a) Number of repetitions of an information bit when repetition
coding is used.

(b) Number of  Tthopping <channels that are receiving an
interfering (i.e., jamming) signal.

(c) Signal-to-noise ratio (SNR) in decibels.

’ (d) Jamming-to-signal ratio (JSR) in decibels.

R
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(e) Portion of total spread-spectrum bandwidth over which an
interfering signal is present (i.e., portion of band that is jammed).
(This parameter is directly related ‘to parameter (b), and as such,
parameters (b) and (e) are mutually exclusive.)

These five parameters are the only ones that may be varied
within a particular analysis, and only two of these (the parameters
selected to be the x-axis and family variables) may be varied at any one
time. All other parameters (such as bandwidths) are held constant
during an analysis.

(3) The third portion of the question-answer section of the program
allows the user to set the values of the constant parameters and the
parameters not selected as the x-axis or family variable. All of these
remaining parameters have default values which are used if the user
declines to specify a value. ’

After the question-answer section of the program has been
completed, the user is provided with a tabular synopsis of the parameter
values that will be used in the analysis. The program then runs the
analysis and produces the x-y plot containing the results of the
analysis; finally, the program returns to the beginning of the question-
answer section to allow the definition of the parameters for a new
analysis, if desired by the user.

A listing of the program source code appears in appendix A.

Appendix B gives an example of the interactive dialogue between
the user and the program for a typical analysis, along with the results
of the analysis.

All program variables of interest are described in detail in
appendix C, and appendix D describes all 1library subroutines and
functions required by the program. Finally, appendix E gives default
values for certain program variables. These values are used unless the
user specifies other values when asked.

The remainder of section 3 is devoted to descriptions of the
internal structures of the various routines used in the program. All
the routines are written in FORTRAN IV and may be executed, with minor
modifications, on most machines with sufficient memory and a FORTRAN 1V
compiler.

3.1 Main Program

The main program consists almost entirely of calls to
subroutines which perform the actual work required for an error
analysis. The main program first calls subroutines INITP (which

14




performs various initialization functions) and ELT? (which zeros the
central processor unit timer). The primary program loop, starting at
ISN 15, is then entered. Each iteration of this loop constitutes a
complete analysis of a system, including plots and tabular output. The
loop begins by reinitializing the graphics screen (ISN 15-17) then
displays the amount of CPU time used during the previous loop iteration
(ISN 18~19) and reinitializes the CPU timer (ISN 20). Then subroutine
MODE is called in ISN 21 to determine the type of analysis to be
performed during the current loop iteration (bit or word error rate,
type of jamming, type of data modulation, etc). Subroutine DFAM, called
in ISN 22, determines which parameter (if any) is to be varied to
produce a family of curves and the value of the parameter to be used for
each curve. Subroutine DXAX, called in ISN 23, similarly determines
which parameter is to be the x-axis variable and the range of values for
the x-axis. Subroutine PARSET (ISN 24) then determines the values of
all other parameters. Subroutine TABOUT (ISN 25) produces the tabular
output, including the important characteristics of the analysis and the
values of all input parameters. Subroutine PCAIC then calculates the
bit/word error rate curves (for frequency hopping and optionally for PN
modulation, respectively, in ISN 26 and 31) . These curves are then
plotted on the graphics screen by subroutine FHPLOT (1SN 27 and 35).
The loop is then terminated in ISN 37 by a transfer to statement 10.

3.2 Subroutine FHPLOT

Subroutine FHPLOT actually plots the analysis results on the
screen of the graphics terminal. The routine begins by clearing the
screen and setting graphics display options concerning the actual plot
appearance (ISN 7-17). The data to be plotted are then scaled (ISN 18-
37) and plotted (ISN 38-56), and axis labels are added (ISN 57-61).

3.3 Entry INITP

This entry point in subroutine FHPLOT initializes the plot
library when the program is first begun. Axis labele defined in block
data are processed for use by the plot library (ISN 66-72). The actual
plotting area on the terminal screen is then determined (ISN 76-86).
Finally, the program introduction is displayed on the screen if the user
so desires (1SN 87-96).

3.4 Subroutine MODE

This subroutine determines the basic signal and jamming
characteristics to be used in the analysis. The type of jamming to be
analyzed and some associated parameters are requested from the user (ISN
25-40). The coding parameters are then requested (ISN 42-65). Finally,
some information is requested concerning the type of frequency hopping
and type of data modulation to be analyzed (ISN 69-83).
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3.5 Subroutine DFAM

This routine determines the parameter to be used as the family
variable. The family variable is first requested (ISN 16-31); then the
number of family curves and their corresponding parameter values are
obtained from the user (ISN 33-44).

3.6 Entry FAMC

This entry point in subroutine DFAM automatically determines
the family parameter values when repetition coding is selected in
subroutine PARSET.

3.7 Subroutine DXAX

This routine determines the parameter to be used as the x-axis
variable. The x-axis variable is requested in ISN 11-22, then the range
of values for the x-axis is obtained (ISN 24-30).

3.8 Entry XAXC

This entry point in subroutine DXAX automatically determines
the x-axis parameter range when repetition coding is selected in
subroutine PARSET.

3.9 Subroutine PARSET

This routine obtains from the user the values of all parameters
not previously set. Default values are assigned in ISN 17-27. Defaults
are overridden by the user, if desired, in ISN 28-83. The use of
repetition coding is then determined (ISN 84-90) as follows: (1) if no
other coding is specified in subroutine MODE, repetition coding is
assumed, and (2) the number of repetitions is determined by the chip
bandwidth (FCM) divided by the information bandwidth (FB). This latter
quofient is, by default, one, unless otherwise specified by FCM and FB,
because FCM and FB are equal by default. Thus simple bit error rate
{(one repetition) is calculated as the default. Finally, if the number
of repetitions is to be the family or x-axis variable, then the
appropriate routine is called (ISN 92-94).

3.10 Subroutine TABOUT

This routine provides a tabular summary of the important
parameters to be used in the analysis. Constants are printed in ISN 13-
34. Family and x~axis parameters and their values are then printed (ISN
35-41). Finally, values that are in units of decibels, kilohertz, or
megahertz are converted to their absolute values for computational use
(ISN 42-46).
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3. 11 Subroutine PCAIC

This routine directs the calculation of the data points on each
of the family curves. The correct family and x-axis values are assigned
to the family and x-axis variables for each data point to be computed.
Then each data point is actually calculated by calling the appropriate
function (FHOP . for frequency hopping, PRPN for pseudonoise) as
determined by the argument SUBR, which is assigned a value of either
FHOP or PRPN by the main program based on the type of plot desired by
the user. The data point is placed in the array Y for subsequent
plotting.

3.12 Function FHOP

This routine actually calculates the bit or word error rates
for fast and slow frequency hopping. Signal and jamming parameters are
set and checked in ISN 10-31., Intermediate probabilities for use in the
error rate evaluation are then calculated (with different probabilities
for different types of signals and jamming) in ISN 33-65. The error
rate is then calculated for FSK modulated fast-frequency hopping with
narrowband jamming in ISN 66-97, which evaluates equation (14) of
Torrieri.!} Actually, this equation has seven nested sums, four of which
are calculated here, while the inner three are calculated in function
PXKI (ISN 90). Error rates for repeater jamming, slow frequency
hopping, white noise repeater jamming, and coherent PSK modulation are
determined in ISN 98-137.

3.13 Subroutine QINT

This routine is used by the integration routine NL9 (see
function FHOP, ISN 52) to integrate a variation of Marcum's Q function
for use in determining one of the intermediate probabilities needed to
calculate error rates.

3.14 Function PXKI

This function is called by function FHOP (see ISN 90 of FHOP)
to evaluate the inner three sums of equation (14) of Torrieri,!l

lp. J. Torrieri, Frequency Hopping in a Jamming Environment, U.S.
Army Development and Readiness Command, DARCOM Report CM/CCM-78-2
( December 1978).
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3.15 Function PRPN

This function is called by subroutine PCALC to calculate the
error rates for pseudonoise modulated signals. This routine evaluates
equations (54) and (55) of Torrieri.?

3.16 Subroutine FREAD

This routine reads one real .number from the terminal without
performing a line feed before the read takes place. This routine may be
.replaced by a READ statement, but this will not allow the user's answer
to a question to follow the question on the same line on the terminal

screen.

3. 17 Subroutine IREAD

This routine reads one integer number from the terminal without
performing a line feed before the read takes place. This routine may be
replaced by a READ statement.

3.18 Function LOGCOM

This routine computes the natural logarithm of (I,J) where I
and J are the arguments of the function and

1!
(r,J) = 3 (I - N y

3.19 Function FACT

This routine calculates I!, where I is the argument of the
function.

3.20 Block Data

This routine initializes the x- and y-axis label alphanumeric
values for use by the plotting routines.

2p, J. Torrieri, Pseudonoise Spread-Spectrum Systems in Communication
wWwarfare, U.S. Army Development and Readiness Command, Report CM/CCM-79-9
({ December 1979).
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4. SUMMARY

A computer program has been developed which analyzes and compares
the performance of two types of spread-spectrum techniques in
interfering or jamming environments. The program does not consider
synchronization problems or signal and jamming propagation effects.
Instead, the program assumes that the transmitter and receiver are in
synchronization and that there is a defined signal-to-noise ratio and
jamming-to-signal ratio at the receiver. The program can give
considerable insight into the performance -increases and relative values
that might be achieved by the incorporation of spread-spectrum
techniques into existing or postulated communication systems.
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APPENDIX A

APPENDIX A--PROGRAM LISTING

This appendix contains a listing of the spread=-spectrum analysis
program. Further details concerning the use of the program as well as
descriptions of subroutines and variables used in the program are given
in appendices B, C, D and E.
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