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ABSTRACT

This report documents two general methods for evaluating the performance degrads-
tion of amplitude moduiated (AM) receivers subjected to pulsed interference. The first
method involves a time weveform receiver simulation model that provides detailed
theoretical solutions for a range of pulss parameta. .. The sscond method uses 8 combination
of measured deta and engineering trends which cover a reasonably complete range of pulse
parameters.

The predominant cause of performance degradation to AM receivers is the energy of
the pulse spectrum within the receivers’ bandpass. For rectangular puises with duty cycles
less then 8%, the pulsed interference does not appreciably lower tiwe average voice
intelligibility in terms of Articulation Score (AS). The performance degradation is, in
genersl, proportional to the log of the puise repetition frequency (PRF) and is independent
of the pulse width for on-tune pulses wider than the inverse of twice the baseband
bandwidth. )

KEY WORDS

AMPLITUDE MODULATION (AM)
COMMUNICATION
INTERFERENCE

PULSE

SIMULATION
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SECTION 1

INTRODUCTION

BACKGROUND

The Electromagnetic Compatibility Analysis Center (ECAC) is engaged in a continuing
study of the relationship of vanious desired and undesired signals to the performance of
receiving systems. This investigation is part of the Center’s effort to formulate methods to
analyze equipment electromagnetic compatibility. Some of this performance evaluation
effort has been previously reported (References 1 - 5).

A general investigation of pulsed interference effects was initiated because of the
increasing use of pulsed communication and radar systems. Information concerning a wide
range of pulse parameters and different types of desired modulation was of interest. An
initial literature review {References 6 through 9) revealed that insutficient information was
available to cover a full range of pulsed interference effects. Therefore, a general
investigation of the etfects of pulsed interference in the following receiver types was
undertaken:

1. Amplitude Modulation {AM)
a. Voice (Narrow and Wideband (High Fidelity))
b. Analog
c. Digital

2. Frequency Modulation (FM)
a. Voice (Narrow and Wideband (High Fidelity))

b. Analog
c. Digital

3. Television (TV)

4.  Frequency Division Multiplex (FDM)

a. Voice
b. Analog
c. Digital
5. TACAN
6. Radar

11
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This report, which s the hirst i g series concermng pulsed interference, analyzes the
performance ot arplitude modul sted (AM) recevers The etlects of pulsed interference on
other receiver types vaill be reputted v subsequent docuiments and o suinmiary of the overall
analysis results 1s planned

'OBJECTIVE

The objective of this etfort was to develop the capabihity to solve the general problem
of pulsed interference tu AM recewvers. L particuldr, 10

1. Obtain, through nmieasurements and analysis, cutves and/or telationships that
describe the pertormance degradation ot AM recevers intettered with by a

range of “typical” pulsed interterence.

2. Develop a model which provides detaicd sinalation of an AM receiver to
evdluate performance degradation o the presence of pulsed intesference, and
which has the copability of accommodating o full tange of pulse parameters,

APPROACH

It was originally desired to model voice inodulated AM as well as digital and analog
modulated AM. Since measurements were not avatluble mosatbicient detald for all types of
AM receivers, the study concentrated on the predominant case, voice modulated AM. All
AM recewvers 1nwvolve the sarme basic tunctions (only the baseband output signal processing
differs). Consequentl, although the output signal processing of  digital and  analog
modulated systems was not modeled, the solution to these problems can be obiaimed from
tne baseband output solutions ot this investigation The application to o digitat system is
outlined in Appendix |V

The program began with g biteratine search and o prehmimary  mvestigation  to
determine an “hypothesized’” degradation mechamsm and analysts This was followed by
the preparation of « test plan and subsequent measurements to investigate pulsed
interference for a general range ot pulse widths, pulse rates, frequency sweeping (chirping)
and interference off tuning The output performance degradation was measured in terms of
the basic voice degraddation measurements of articulation score (AS), articulation index (Al),
minimum interference thresholds and signal to interference rotios

The measurement program was dwided into two phases in order to expedite solutions
to the pulsed interference problem. The results ot MIL-STD 449 ( |} (reference 10) type
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measurements and simpie output degradation measures were obtained under Phase |. Those
measurements that required detailed subjective evaluation (1.e., articulation scoring for voice
systems) were reported in Phase (1.

Two detailed investigations were undertaken. The first consisted of analyzing the basic
receiver signal processing structure and the Phase | measurements to determine if the
hypothesized pulsed degradation mechanism was correct. The second was 1o develup a time
waveform receiver simulation model, based upon the pulsed degradation mechanism,
capable of generalization to any type of pulsed interference problem. The simulation model
was developed to obtain quantitative solutions to an interference problem that is generally
untractable using truncated series approximations (reference 5).

After the conclusion of the Phase Il measurements, a comparison was made between
the outputs of the simulated receiver and the measured receiver 10 validate the simulation
procedure. Engineering models were then constructed from a combination of the measured
and simulated recewer outputs.

1-.3/1-4
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SECTION 2

RESULTS

DISCUSSION

The results of this analysis have evolved from a combination of two different, but
simultanecus, approaches to the problem. The first approach was to develop and use a
receiver simulation model which provides detailed, theoretical solutions for a general range
of pulse parameters.

In the second approach, an extensive set of data (summarized in TABLE 6-1 and
presented in Appendix Ill) was examined to determine the dependence of receiver
performance on variations in signal-to-peak interference power, pulse width, pulse repetition
frequency, off tuning, chirp rate, AGC effects, linear filtering, and any special non-linear
characteristics of the victim receiver. Engineering trends were revealed which generalize the
basic data to include a reasonably complete range of pulse parameters.

A discussion of the signal processing in the receiver simulation model referred to
frequently in this report is contained in Section 4. The model transforms a desired signal,
along with a pulsed interfering signal and narrowband gaussian noise, through an IF filter,
the second detector, and a baseband filter. Voice modulated desired signals are further
processed through an articulation index (Al) decision mechanism. The model has been
validated through comparison with measured data.

CONCLUSIONS

The results of the theoretical and empirical approaches to predicting the effects of
pulsed interference on AM systems were analyzed extensively. This analysis led to the
formulation of the following conclusions, which are discussed in detail in Section 6:

1. The predominant cause of receiver degradation for a periodic pulse train is
the power of the pulse spectrum contained within the receiver bandpass. Degradation from
the RF nonlinear effect of cross modulation, due to the presence of pulsed signals, was not
observed in this investigation for peak interference power levels up to 24 dBm. It is difficult
to eliminate the adjacent channe! (non-spurious) effects of pulsed interference in a receiver
because bend stop filters, centered at the undesired carrier frequency, will not remove in

band power.

2-1
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2. Puilsed degradation to AM receivers can be evaluated by analyzing the
processing of desired and undesired signals through the intermediate frequency ((F)
bandpass filter, the envelope detector, the baseband filter, and an appropriate decision
mechanism.

3. The far off-tune response of receivers whose |F bandwidth is greater than the
reciprocal of the interfering pulse width follows the fall-off rate (envelope) of the pulse
spectrum (20 dB per decade for a rectangular pulse). Measured data showing the typical
receiver response to off-tune rectangular pulses is presented in Figure 2-1. The figure
presents the type of information required for the prediction of degradation to AM systems
due to pulsed interference, given transmitted power and propagation loss. Solutions for a
range of pulse parameters may be obtained from similar curves in this report.

4. Performance degradation is a function of the input signal-to-peak
interference power ratio for desired input signal levels much greater than the noise. For low
or ‘‘sensitivity type’’ input signal levels, degradation is a function of both interference and
noise. .

% Rectangular pulsed interference, averaged over all pulse widths and pulse
repetition. frequencies, does not appreciably lower voice intelligibility in terms of
articulation score {AS) until the duty cycle approaches 50%. For duty cycles less than 8%
(radars are typically less than 1%) rectangular pulses do not lower intelligibility even for
input signal-to-peak interference ratios as low as —70 dB.

6. Performance degradation increases linearly with the log of the interference
puise repetition frequency (PRF) up to approximately 1,000 PPS. in particular:

a. The input signal-to-peak interference ratio (S/?) required for a constant
articulation index (Al) value increases linearly with log PRF.

b. The input (S/1) required for a “just perceptible” threshold interference
condition increases linearly with log PRF.

7. The input signal-to-peak interfering ratio (S/?) required for a constant Al
value increases linearly with log of the PW up to the inverse of twice the baseband
bandwidth. Degradation is not a function of interference pulse width for on-tune pulses
longer than the inverse of twice the baseband bandwidth.

8. Approximately 2dB more interference power within the receiver |F
bandwidth is required for non-chirped pulses than for equivalent (pulse shape, PRF, PW)

2-2
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chirped pulses for the same Al performance level. The degradastion effect of chirped pulses is
primarily a function of the interference power in the |F bandwidth and of the interference
PRF.

9. Performance specifications in terms of articulation score (AS) or articulation
index (Al) for pulsed interference can be determined by measuring, in the bassband, either
the signal-10-peak interference power or the signal-to-average interference power ratios.

10. The minimum interference threshold level is a function of the input
signal-to-peak interference ratio and the baseband signal-to-noise ratio. (It is also
proportional to the log of the PRF as stated in conclusion 7.)

11. Audio limiting improves the performance in terms of Al for narrowband AM
systems that can tolerate some clipping distortion. Systems that require @ minimum
interference threshold level witi not benefit through audio limiting. The intelligibility in
terms of AS was approximately the same with and without limiting.

24
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SECTION 3

ANALYSIS BACKGROUND

GENERAL

The approach to the AM receiver degradation investigation was to combine detailed
measurements and analyses The analytic portion consssted ot a theoretical study, a
computer receiver simulation ond  an anvestigation ot the measured and simulcted
degradation trends

Section 4 contains a discussion of the analytic investigation and an outhne of the
computer simulation model  Section 5 contuins 4 description of  the measurement
procedure. Section 6 contains the analysis of the measured and simulated data and the
subsequent models obtained tor pulsed interterence to AM receivers

RECEIVER DESCRIPTION

In order 1o consider recerver degradation effects an initial investigation of the “"typical
complete’” recewver structure shown 1 Figure 3 1 1s required This figure shows RF | IF and
baseband signa! (rocessing clements that must be considered *

The modeting of strong adjscent channel peak interference levels should nclude the
nonilinear recever effects of cross modulation  (or intermodulation),  saturation,
desensitization and spurious responses These effects are generally ditficult to analyze
because superposition dues not apply

The measurements that were analyzed did not indicate the presence of cross
modulation (or intermodulation) due to RF nonlinear effects for interference levels up to
24 dBm. This type of response was, therefore, either a secondary effect or non-existent and
was not considered in the modeiing

¢ Throughout this repart degradat on ¢ descmbed ~ termg 0f the cigna! to interference (S ?! rati0 The symbolism used
10 describe this quantity for “he varigus 'ocat ong within the racerver are hasically defined 1n Figures 3 1 9nd 32 In
these fiqures the 1nput rat:o of the RF (or IF) signal 10 peak nterference was symbohized as (S"?,g;’ The average
power of & sigral ‘s stymbo! zed by & 'etter The peat power has been symboiized with the A symboi This symbolism
has been used on the various figures contained within this report and where 1t was appropriate within the text
However the input POWer rat:0 Term was used SO extensvely that ar aquivalent form hat also beer used That is, the
phrase input (S/f) rati0’’ has been used 1o repince ls"ll)g.-;;|

31
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Spurious responses can be eliminated trom consideration by noting that receiver
pertormance degradation tfrom pulsed interterence located exactly at a spurious response
frequency involves the same mechamism (i.e., the power transfer due to the nonlinearity) as
the case when the interference source is a continuous (non pulsed) source. The investigation
of these spurious response frequency locations has been extensively analyzed in the
literature (references 11 and 12). They are primarily a statistical problem associated with a
particular nomenclatured equipment and will not add to the understanding of the general
AM pulsed interference phenomena. Consequentiy, the spurious response area will not be
further considered in this investigation  All that 1s required to extend the solutions in this
report 1s a knowledge of the spurious response trequencies, the rejection levels, and the
spunous response selectivity ot the particular recewver being investigated. This can be
obtained from spectrum signature data (References 12, 13 and 14)

The related probtems of saturation and AGC desensitization should be addressed 1n
order to properly process high power pulsed interference This ates will be treated h
Section 4.

The reduced recewer structure tu be specitically analyzed in this report s given in
Figure 32 This analysis concentrates on the receivet mechanisms that determine the
transtormation of both the desired signal and pulse interference between the IF input and
the baseband 1lter output 1t was assumed that saturation will not occur up to some
specified level, to be determined separately, and that the RF amphfier section has a
handwidth scfficiently wide to pass the undesired puise without modification within the
iimits of the IF bandwidth The analytic investigation involved the analysis of the IF filter,
second detector basehand filter. AGC crircuitry and the output decision mechanism. The
investigation resalted in

a.  An .rderstanding of the signal processing of the "individual receiver
sub-structures (i e |F, detector, baseband filter, decision mechamsm) and
the overall combination of these elements to form the basic receiver.

b. Asymptotic signal-to-peak interference (S.'?) solutions (i.e., solutions valid
when § >> 0 or T>> S), which are limited in application but are sometimes
simple solutions to the problem. For a general discussion of this approach,
see references 1 and 5.

c¢. Formulation of the general equations and procedures used in the receiver
time waveform simulation process.
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i

The receiver simutation s the heart of 4 fanuly of detuiled recever models that ECAC
is developing. These models are ditferent from many others in that the time waveform
{amplitude, phase) charsctenstics are processed through the recewver structures in a manner
analogous to the processing of the voltage (or current) in a real recewver. This is a digital
computer simulation ot an analog modet of a complete recewver. This kind of processing is in
contrast with the power filtering models employed in most analysis techniques. The power
models are generally dadequate only when it has been shown that power 1s an appropriate
| degradation measure.

The simulation approach s presently feasible because of the Fast Fourier Transform
technique (reference 15) which allows etficient transformations between the time and

i
| frequency domains as required four the hinedar and nonhinear recever signat processing. i
| i
i The AM recever simulation procedure which s a part ot this program wili be outlined

in Section 4. A tull description of the details of this simulation process will be written in the
future as a separate report of thes series

t Section 6 discusses the modeling of the interference etfects, based upon a combination
of measured and simulated data [tas the purposs of that section to develop models that can
be used to extend the measured performance degradation data to other cuses of interest.
The most accurate results will be obtamned by runming the receiver simulation model for a
particular case of interest. However this solution may noti. .wvalleble to all investigators.

The overali goals of this program are to investigate pulsed interference 1o AM, FM, TV,
FDM, TACAN and Radar systems. The results of this investigation are also applicable to PM,
SSB, TDM and other pulse modulation techniques which are not specifically investigated in
this report. The solution to latter modulation types involves the signal processing of the
narrowband amplitude (envelope) or phase angle of the signal or (in some special cases) a
combination of both. In both sets of modulation types, the output decision mechanisms
involve only voice, digitat or analog modulated signals. The general solution to the latter set
of problems will be covered in this invest:gation.

If PM, SSB or TDM systems are examined in detail, the following minor changes are
required. The general PM solution requires a determinatiuin of the narrowband phase angle. |
Since the FM solution required a derivative of this phase angle {Appendix | of reference 1),
! it is only necessary to turn off this function in the simulation model to solve this type of
problem. The SSB systems typically employ product detectors. This linear operation simply
removes the second detector operation and reduces the simulation mode! to filter and
decision mechanism processing elements. All the other modulation methods typically
employ some form of amplitude or phase angle modulation and can be readily adapted from
the general purpose simulation model.

D asa L
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SECTION 4

AM RECEIVER ANALYSIS

GENERAL

This section discusses the analysis of the AM receiver signal processing elements shown
in Figures 3-2 and 4-20. This includes the analysis of the IF tilter, second detectur, baseband
filter, AGC circuitry, the output decision mechanmism (see Appendix {V) and the receiver
simulation model. The purpose of this section 1s to define the equations used In the
simulation process and to discuss the mechamisms that are involved n pulsed interference.

IF FILTER ANALYSIS

The following analysis primanily considers the transformation of putsed signals through
an effective hinear IF hilter. This topic has been previously investigated in references 16 and
17. A discussion of the implicatiuns of particular examples applicable to this investigation
follows.

Since superposition apphies and the |F has been designed to pass the desired signal,
only the transformation of the pulsed interfering signal need be covered in detail, For the
purpose of this analysis i1t 15 assumed that the effective IF filter takes into account the
combined effects of RF and IF filtering for those cases in which the mixer is acting as an
ideal mixer (or frequency translator).

In general, the IF amplifier output for a pulsed input signal can be expressed as the
sum of a steady state term plus a transient term. The transient term represents a distortion
term and includes the amplitude and phase modulation produced in the |F amplifier. The
transient term arises because the system response is unable to build up and decay as fast as
the input signal.

It is necessary to have an IF filter model to predict these transient and steady state
terms. One method of modeling the IF filter function is in terms of cascaded tuned
amplifiers. Both single-tuned and double-tuned amplifiers are used in communication
receivers. The double tuned, transformer coupled amplifier 1s commonly used in the IF of
AM receivers. It produces a more constant amplification over a band of frequencies and the
gain falls more sharply outside this band of frequencies than in the case of the single-tuned
stage. The double-tuned amplifier was used to model the effective IF filter for this study.

41
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H(w) = ST T——— (4-1)
1 .257Q%+28Q
where
5 = oo
w()

Q = "‘:)Q

\/En B
B = 3 dB bandwidth of 4 single stage n radians
W, = Center frequency of amphfier in radians

When the effective IF incorporate

s more than one stage
function is given by

of amplification the transfer

H" ‘w) = 5 -"! n
(1-253.03 +25, . ] (4-2)
where

n = Number of double-tyned stages in cascade

5. - &%
Wo
Q, - W —
2" 1 | w,
4 / 8,7

8., = 3 dB bandwidth of the n stages in radians
B, = e
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In o %r tu simulate the IF selecuvity of a typical AM receiver, a representative number of
IF stages must be chose::. From a preliminary investigation, 1t was found that three
cascaded, double-tuned stages represented a number of narrowband AM receivers. This
configuration was used in all the simulated runs and reasonably represents both of the
investigated receivers under pulsed interference conditions. Although the second receiver
had a much sharper selectivity curve (both selectivity curves are discussed in Section 5), it
was subsequently found that this resulted in only a fractional dB change. This small
difference is because the interference is puised. The difterence would not be negligible if
off-tune continuous (CW) interference were being investigated.

The transter function for three cascaded amplifiers i1s given by

H|(h)) = !
(1 283Qi+28,Q,)° (4 3a)
1 | |
1185703 +3654Q% 485505 +60,Q, 32004248503+
where
5, C
W
Q, - FO09w, - 1 26x10 4,
278,

A plot of this transter function for B, = 8 kHz 1s shown in Figure 4.2,

The 1nput signal, «{t), to the IF fiiter will consist of a pulse that may contain both
amplitude and frequency modulation. |f the IF filter has the impulse response h(t), the
output signal, g(t), 1s given by the convolution integral

o0

glt) = _ofo x(r)h(t—7)dr e

Since convolution in the time domain is equivalent to multiplication in the frequency
domain, it will be more convenient to use the frequency domain expressions. |f the input
signal, x(t), has a Fourier transform, X(w), and the transter function of the IF filter is H{w),
then the output spectrum is given by

Glw) S Hlw) X{w) (4-5)

4.4
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When the interference is modeled as a periodic rectangular pulse with zero rise and fall
time, the spectrum is given by

x
X(w) - Z 80 XIVT ot 220 e b ot - 20 )} ey
T /T T T
n =4
where
A = The amplitude of the puise
T = The pulse width
T = The pulse period
W, g The carrer frequency in radians
n = Integer 1.2 3
5 = Dirsc delta tunction

The output spectrum. Glw), 15 the product of the filter transfer function and the pulse
spectrum. The general shape of the output specttum, Glw), will be a function of the filter
characteristic, pulse characteristics and off tuning The inverse Founier transform of G(w)
will then be the output time waveform g(t} The time waveform for a symmetrical spectrum
will contain amplitude modulation but no phase modulatton and 1s given in Appendix | by
Equation (1-25) as

gl(t) = 29¢g(t) cos w, (4.7)
where
gesit) = Lownpass equivalent of g(t)

The time waveform for an unsymmetrical spectrum will contain both amplitude and phase
modulation and 1s given by Equation (1-53) as:

glt) A(t) cos (wot+ A,+0,(t)] (4-8)

where

4 6
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A(t) = The undesired signal amplitude modulation after
IF filtering

a9, = The undesired signal carrier phase angle

o, (v = The undesired signal phase modulation atter

IF tiltering

The three basic cases of interest are pulses whose bandwidth s much greater than,
approximately equal to, or much narrower than, the etfective bandwidth of the IF filter.

When the pulse bandwidth s much greater than the bandwidth of the (F hiter,
8, << 1, the spectrum of the pulse within the |F passhand for the on tune, Af = 0, case 1s
approximately flat and has even symmetty about the carner trequency. The Founer
transtorm of the resulting spectrum wil approximate the impulse response of the network
with some ringing on the traihing edge The vutput time waveform wil! be much longer than
the nput pulse ime waveform with the pesk amphtude of the output pulse reduced
approximately by the ratio ot the pulse bandwidth to the thilter bandwidth Since the
bandwidth of the pulse 1s much greater than the IF bandwidth, the shape of the spectrum
within the IF passband as the pulse 1s off tuned will be approximately the same except near
the nulls of the input spectrum Therefore, as the pulse spectrum s off tuned the IF outpus
time waveform will remain approximately the same as the on tune case with the inband
power determining the peak level ot the output puise In the vicinity of the null point the
spectrum will no longer be flat and it will approach odd symmetry when centered about the
null point. The Fournier transform of an unsymmetrical specttum will produce both
amplitude and phase moduiation as shown in Equation (4 8). Typical sstmulated output time
waveforms (the time waveform simulation process 1s discussed later in this section) for an IF
bandwidth of 8 kHz and a 5 usec pulse for /.t = 0, BOO kHz and 1.5 MHz off-tune are shown
in Figures 4.3, 4.4 and 4.5 The input pulse of width 7 and unity amplitude 1s assumed to be
symmetrical about ttme t = 0 This s true for all pulses discussed in this section.

When the pulse bandwidth 1s approximately equal to the IF bandwidth, the spectrum
of the pulse within the IF passband for the on tune, /.f = 0, case will be symmetrical and
even. The sidelobes will be attenuated by the filter function causing a more rapid fall-off of
the pulse spectrum. The Fourier transform of the resulting spectrum will approximate the
impulse response, with the amount of energy within the passband again determining the
peak level of the output puise. As the pulse 15 off tuned the pulse spectrum out of the IF
filter will be unsymmetrical, thereby producing both amplitude and phase modulation as

47
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shown in Equation (4-8). The Fourner transform of the output pulse spectrum produces
time waveforms that appear 1o contain a separate response trom the leading and trailing
edge of the pulse. As the off-tuning s increased the double response becomes more
pronounced due to the attenuation of the steady state portion of the pulse by the filter
characteristics. Typical output ume waveform for an IF bandwidth of 8 kH2 and a 200 usec
pulse for Af = 0, 62.5 kHz and 100 kHz are shown in Figures 4-6, 4 7 and 4 8.

When the pulse bandwidth 1s much narrower than the IF tilter bandwidth and Af < one
half the IF bandwidth, the input time characteristics are produced at the filter output along
with some ringing or overshoot on the leading and trailing edges. As the pulse is off tuned
the pulse spectrum out of the filter will be unsymmetrical, thereby producing amplitude and
phase modulation similar to the case of the 200 usec pulse mentioned above. The steady
state of the pulse will again be attenuated by the oft tuned charactenstics ot the filter and
therefore the shape and magnitude of the output pulses will be determined by the power
and shape of the spectrum within the fiiter passband.

A plot of the phase angle for .t = 10 kHz shows the phase modulation produced by
the leading and trailing edges of the pulse and the 10 kHz beat 1one with respect to the
tuned frequency durning the steady state portion of the pulse Thus, during the steady state
portion, the interference carner o, = w, * ., 18 present but s greatly attenuated. Typical
output time waveforms tor an IF bandwidth of B kHz and 4 1 msec pulse for A1 = 0, 10 kHz
and 64 kHz are shown in Figures 49 4 10a and 4 11 A plot of the phase angle relative to
the IF center frequency f, for 't = 10 kH7 15 also shown in Figure 4 10h.

In summary, the transformation of pulsed signals through a hinear IF {ilter have been
discussed. Particular examples of outputs from a simulated |F were given, These outputs can
be convemently summarized in terms of 7B categories as shown in Figure 4 12, IF output
waveforms in these categories have been discussed 1n some detail because they are the pulser
that interfere with the desired signal In particular, these |F output pulses compete with the
desired signal 1n the detector (the next processing element) with the result that the larger
signal captures the receiver output

This result 1s similar to the capture phenomenon that would take place with
continuous interference except for the duty cycle of the pulse signal. This is shown in
Figure 412, in which a capture leve! has been symbotically drawn (the capture leve! actually
consists of a region) to represent the amplitude of the desired signal. The region of the
pulses above the capture level (i.e., the level in which | > S} varies with the 8, product
and the off-tuning. In genera!, the shape of the pulse in this region is complex and difficult
to determine by a simple model. It is for this reason that these details will not be solved
deterministically in advance. Instead, the problem will be generally simulated so the actual
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time waveform out of the |F will be obtained, and the details will be left to the simulated
recsiver processing elements.

DETECTOR ANALYSIS

The detector analysis considers how the transtormed puise interference, band limited
Gaussian noise, and the desired signal from the IF tilter are ssimultaneously processed by the
envelope detector. The analysis assumes the detector is a linear envelope (zero memory)
detector which 13 sensitive only to the siow amplitude variations of the input signal.

The disturbance caused by the puised carner will be a tunction of the relative
magnitude, frequency separation between the desired and undesired signals, pulse width,
puise shape, and puise repetiton frequency of the particular pulse tran, as well as the
receiver sglectivity and detector charactenistics Considering only amplitude variation in the
IF output time waveform, it 13 shown in Appendix |1, Equastion (I1 11), that the detector
output can be ganerally written as

Vglt) - { [A‘H'M‘coﬂw‘!' vil ¢ Alticosg (1) ]’4
[Amwnom ]’ }" e
where

o(t) - Swt s B, ¢ ol (1)

o) = ot et

Ag = Amplitude of the desired signal at the IF output

M, = The desired modulation index after IF filtering

W, = The frequency of the desired modulating tone
in radians

Aw = The frequency ditterence between the carrier of
the desired and undesired signal in radians

v = The phase shift of the desired information after

IF filtering
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The phase ditference between the desired and
undesired carriers after IF filtering (phase
angle of Oesired carrier = 0°)

In order 1o obtain a better understanding ot the degradation caused by the pulsed
interference, the equation describing the detector output should be in a form that separates
the pulsed interference components from the desired signal components. This can be
accomplished by considering a large intertering carnier 10 noise ratio (so that noise may be
neglected) and expanding the delector output eQuation 1n a sefies 101 Ag > A, and A, > A, .
Neglecting the higher order terms of the series it is shown in Appendix |1, EQuations (ll 19)
and (1} 31}, that the detector outpul signal 1s of the torm

For Ay > A,

vyl
As

For A > A\s

Vn(t) =

where

A,

1 ~&“cm wet v vl
R,P(Hcm (e(t) » o)
R;P'(()'.H -M; 2}

Higher Oraer Termy

AL
L 20
P{1)

Rs cos (a(th + )
Rs

2 M cos{(wst‘ v 2ol

Highest Order Terms

The amplitude of the interfering signal at

IF output
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plt) = The amplitude modulation of the puised
interfering signal at the {F titter output

Rs = A /A,

R, = A A,

For the case n which A, > A, the desired output signal consists ot a DC term plus the
modulated voice signal The first urder interfering signal component at the detector output
15 3 pulse spectrum centered about the breat requency ditference (Aw) between the desired
and undesired ugnal carmers Additions! interfering signal componentts ‘consist of a pulse
squared spectrum centered about zero (DC) and tigher order pulse terms When the beat
frequency difference (o) 13 100 [ow Of 100 Migh 1o e in the audio passband the tirst orde
interterence component 15 atlenuatled by the authiu Lilter Theretore when the off tuning
(dw) 110 the audio passtiard the pulsed nterterence causes mote degradation than when
the snterference 13 on-tune (Ao - 01 This effect s mote pronounced tor long pulses (pulse
pectrum  bunadwidth much narrowed then the aadio bandwadth)  The mosi important
intertering component when ihe teal trequenty i greate: thas the audio passband s the

pulse sQuared teem - 70 o aleoul fer

For the case 1 v ch A - AL the marn interfenng term s g puised term centeted
about 2ero with secorsary trrms contisting af the bheat note and the modulating frequency
plus and minus the twat note The drsired modulated ugnal s also present However the DC
term proportional to thw desiced carrier lovel which i present when A, > A mussing. The
unnormalized signal amot:tude 18 gven approrimately by

Ag R M cos (gt e o) (411)
2o(t)

In the absence of the strong interfering carrier thig term biecomes approximately
A M coslw s o) (412)

Therefore, the stronq interfering carrier has reduced the desired signal approximately by a
factor of

R
ALY 41
2o(t) @13

over the normal signal level This corresponds to a dB value ot

R
20! - - 4.14
M 2ot IS
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which, for a representative value of R,/2p(1) = 05 equais a 26 dB reduction in the normal
ugnal level and essentiaily eliminates the desired siynal during the on-tme of the pulise.

BASEBAND FILTER ANALYSIS

The vanstormation of the pulsed getector output signal by the baseband (audio) filter,
and the difference in this effect for a minimum and wide IF bandwidth, will be discussed

The baseband (audio) fiiter 15 assumed 10 CONsist Of 4 two stage tugh and low pass filter
which represent typical suo hitening stages The hugh pass hitter transfer tunction 1s given

by

H"p(h}) = : (4 15’

where
Gy o M Sy
Wy S Low frequenc, 3 oB cutot!

The low pass hilter transter function 1 goven by

Moplw) - ; (4 16)

where
(U“_ ¥ iy, 6‘
Wi = High frequency 3 dB cutoff

These transfer ‘unctions are incorporated n the recewver simulation model that will be
subsequently surymarized.

The change in the characteristics ard level of pu'sed interference will be negligible
between the input and output of these filters for AM systems with minimum |F bandwidths
(i.e., systems in which the |F bandwidth equals twice the baseband bandwidth). There may,
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however, be a significant difterence between the optimum IF bandwidth case and one in
which the IF bandwidth is much greater than the minimum |F bandwidth.

In the first case the IF bandwidth is approximately twice the baseband bandwidth and
consequently the baseband only allows the transter of the same pulse spectral components
as the IF. The time waveform characterictics between the input and output of the filter
should, therefore, Se similar. The pulsed |F output signals were previousty discussed in the
IF filter section with the overall responses summarized in Figure 4-12. These on-tune and
off-tune IF output pulses essentially pass through the system with modifications from the
addition of the desired signal and the transtormation of the envelope detector. The resulting
pulses at the output of the baseband filter appear similar 1o the |F output pulses except for
the addition of overshoot responses primarily due to the envelope detector action, Typical
pulses with this type of response are shown iti Figure 4-13.

When the bandwidth of the IF is much greater than twice the baseband bandwidth, the
detector output pulses may contain higher frequencies than will be passed by the baseband
filter. The result is that the detector output pulses will resemble input pulses of bandwidth
equal to or less than the IF bandwidth. The audio filter then removes the high frequency
components of the pulses and again hmits the effective 1F input trequency components that
pass through the overail system to twice the baseband bandwidth.

The baseband filter output pulse shape s approximately the same for both cases.
However, the level may be different due to the difference in IF bandwidth. In particular, for
the wide |F bandwidth case and a pulse spectrum equal to twice the basebiand bandwidth
the output pulse level remains constant as the pulse 1s off tuned until one half the IF
bandwidth is reached. If the same result were compared with the minimum |F bandwidth
case, the level would have been reduced at a 20 dB per decade rate from one half the
minimum bandwidth.

The resuit is that for 7B, > 1 the effective interference leve! begins to decrease {for a
constant input interference level) at approximately one half the IF bandwidth for both the
minimum bandwidth |IF (approximately 6 kHz)) and a wider IF bandwidth. (This is
discussed further in Section 6 under Off Tuning Effects.)

AGC - AMPLIFIER SATURATION EFFECT
This discussion concerns the effect the AGC circuit has on the modeling of pulsed
interference in an AM receiver. In general, AGC circuits are designed to maintain a constant

output level over a large range of input signal levels. The circuits that accomplish this
function usually act upon the DC level of the detector output or the RMS level of the IF

4.24
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output. If a large interfering s-gnal 1s introduced into the recever, the AGC may respond to
the interfering signal depend iy upca the interfering signal parameters and the AGC time
constants. The amount of degradaton caused by a particulur interfering pulse signai depends
on the effect the interfering signal has on the DC level of the AGC bias hine. The recewver
simulation mode! does not include the efttects of AGC and 1t 1s the purpose of this
discussion to outline what does happen with pulsed interference and the hmitations of the
present mode! without AGC.

If the interfering pulse signal does not aftect the DC tevel ot the AGC bias line, the
interfering signal can saturate o particular amplifier stage or stages of the receiver causing the
interfering signal pulse amphitude to be chipped. When the interfering signal pulse amplitude
is chipped, the (S/?) power rati: at the |F output 1s hmuted. Theretore, the amount of
degradation caused by the interference s hmited Measured data plotted in Figures 4 14 and
4-15 shows what hanpens when the DC ievel of the AGC bias line 1s not affected by the
interfering signal. Figur: 4 14 shows AGC voltage level and IF output power rotics, (g/T),. .
versus RF input power ratio, (S T) wi  foraninterfering signal with o 400 usec pulse width
and a PRF of 10.* The figure indicates that the receiver becomes saturated at (S"?)n, equal
to 18 dB8. The (g/?), . level decreases by only 2 dB as the (S/‘?),;, , level s decreased from

18 dB 10 ?3 dB. The curves alsc show that the AGC voltage level s relatively unaffected
untii the (S/1) level at the RF mput reaches 63 dB. As the (S/1),, power 130 1s
decreased below - 63 dB the AGC voltage level changes rapdly, causing the (é’?),, . hower
ratin to decrease rapidly. Figure 4 15 shows deqrgddtuon in terms of Articutation Index (Al)
as a function of the RF input power ratio, (S 1), , for the same interfering signal. The
curve shows that tor (S,?);, . values between 18 dB an. 63 dB the degradation levels
off, indicating that the recewver s saturated. For (S/?)u r, values more negative than
-63 dB, the AGC voltage level was atfected causing the degradation to increase. Since the
present receiver simulation model does not consider recewver saturation effects, the
sim‘ulation model would show the degradation increasing instead of leveling off as the
(S/1)a ¢, ratio is decreased between - 18 dB and - 63 dB. Therefore, the present recewer
simulation model will give a pessimist:c Al level when the receiver becomes saturated.

If the DC level of the AGC bias line 1s controlled by the interfering signa! level, the
receiver gain will decrease causing the desired signai level to decrease as the intertering signal
level increases. This causes the receiver to become desensitized to the desired signal and also
allows more negative (S/1),  power levels. Therefore, the receiver degradation is greater if
the interfering signa! affects the AGC Measured data are plotted in Figures 4-16 and 4-17 10

A A L
¢ (S/1) maans peak desired signal *0 peak interfering signal (S/1) means RMS desired signal to peak interfering signal

426
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show what happens when the DC level of the AGC bias line 1s attected by the interfering
signal. Figure 4 16 shows the AGC voltage levet and IF output power ratio, (éfl),, .+ versus
RF input power ratio, (S/T)R ¢ ,. for an interfering signal with a 400 usec puise width and o
PRF of 750. The figure indicates that the intertering signal atfects the DC level of the AGC
bias line, allowing the (§/?),,U level 10 become more negative as the (S/l)q ¢, level 1s
decreased. Therefore, the receiver does not become saturated. If the interfering signal does
not cause receiver saturation, the present receiver simulation model will give an accurate
degradation level in terms of Al as a function ot the (S.’T)R v, level

Figure 4-17 shows peak interference voltage (V ) and peak desired voltage (V ) at the
iF output versus RF input power ratio, (S I)R ¢ . for an intertering signal with & 4,00 usec
pulsewidth and a PRF of 750 pps The deiued signal voltage decreases linearly for
approximately 20 dB and ievels oif as the (S/1)u ¢ 15 made more negative. The desired
signal voltage levels ctf as 1t approaches the receiver nose level The figure also shows the
peq‘k interfering voltage increasing from 37 10 5 volts {(approximately 23 dB) as the
(S/1)a ¢, level 1s made more negative.

Measurements were also made to show how the AGC voltage level s a function of the
pulse width and PRF of the interfering signal Fugg‘ne 4 18 shows AGC voltage level versus
PRF for pulse widths of 250 and 400 usec. The (S/1), , level was held constant at - 10 dB.
There 1s very httle difference in the AGC voltage Ievel.for the two pulse widths. Figure 4 19
shows AGC volitage level versus PRF for various (S/l),  levels. The pulse width is held
constant at 400 usec. At low PRF's the AGC voltage level s relatively unaffected as the
(S/l)”' level 1s made more negative Therefore, at low PRF's the receiver will become
saturated. At high PRF’s there 15 a larger change in the AGC voltage level as the (S/I)R 0
level 1s made more negative. Therefore, for this condition, the receiver wiil not become
saturated. .

It 1s concluded from the measured data that the effect the interfering signal has on the
AGC voltage level is a function of pulse width, PRF (S/1)n ¢  level and the characteristics of
the AGC circuit. These conclusions are based upon the measurements made on recciver
No. 1 which has SLOW, MEDIUM and FAST time constant settings of 0.015, 0.3 and 5.0
seconds, respectively. The measurements indicated that the DC level of the AGC bias line
was the same for both the SLOW and FAST switch settings for interfering signals with a
duty cycle greater than 1.25 percent. The measured degradation data showed that for high
PRF’s the receiver did not become saturated. The average saturation levels encountered in
this test are discussed in Section 6.
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RECEIVER SIMULATION MODEL

The previously mentioned equations for the effective IF filter, detector and low pass
filter were combined in a computer program to simulate the processiny of signals through an
AM receiver. A block diagram of the computer simulation is shown in Figure 4-20. This

receiver simulation model will be fully documented in a future report. The following
discussion summarizes the model and indicates the basis of the theoretical investigat: i, of
pulsed interference effects upon AM receivers.
The interfering signal or signals are generated in either the time or frequency domain.

If they are generated in the time domain, the Fast Fourier Transform (FFT) technique is
used to obtain the frequency spectra. Since the IF filter is linear, the response to the desired
signal plus undesired signal is the sum of the response of each individual signal. Therefore,
the desired and interfering signals can be processed separately. The interfering signals and
noise are combined before the IF filter (in the frequency domain) in order to reduce the
compiexity of the computer program. The resultant signal is then multiplied by the IF filter
function to produce an output spectrum, V,,  (w).

The inverse Fast Fourier Transform of V, 4 (w) is then performed. The resulting time
waveform is given by Equation (1-53), APPENDIX I, as:

Vign (t) = Alt) cos [wyt +¢, +¢, (1] (4-17)

V.~ (t) may contain both amplitude and phase modulation.

The desired signal, being amplitude modulated by a single tone, is easily converted ‘ i
analytically to either the time or frequency domains. The desired signal is then processed by
the IF filter, either analytically or using the computer, and the output spectrum is obtained.
Thes inverse Fourier transform of V¢(w) is then performed and the resulting output time
waveform is given by Equation (11-3d), APPENDIX II, as

Vglth = As [1+M cos (wgt+Y)] cos wit (4-18)
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The desired and undesired signals are then combined at the input to the detector to
produce a composite time signal,

V(t) Vs(t)+VI+N (t) (4'19a)

[AS(HMscos(wst+ v +A(ticoso(t)} coswt

= A(t)sin ¢ (1) sin w,t (4-19b)

This combined signal is then processed by the envelope detector to produce the output
time signal given by Equation (11-11) in APPENDIX |l as:
a
Vglt) = [Ag(1+Mg cos (wgt+ v} + Althcoso(t)] 2+ [A(t) sing(t)] ’} (4-20)

Again using the Fast Fourier Transtorm technique, the spectrum of the detector output,
V4lt), is obtained and passed through the audio filter. The corresponding output spectrum
is then used in several ways: (a) to obtain the output signal-to-interference power
ratio, (b) as the input to a program designed to calculate articulation index, (c) or Fast
Fourier Transformed to produce a composite output time waveform containing the desired
and interference signals.

The time waveform is useful in determining the shape of the interference at the audio
output and can be used as a comparison between the simulated and measured output time
waveforms.

Plots of the simulated time waveforms are shown in Figures 4-21a and 4-22a. The
interfering pulse in Figure 4-21a is a 250 usec rectangular pulse with a pulse repetition
frequency of 40 pps. The desired carrier was modulated by a 1 kHz tone with a 50%
modulation index. The IF and audio bandwidth were specified as 8 kHz and 3 kHz
respectively with an input (S/1) of —15dB. The interfering pulse in Figure 4-22a is a
400 usec rectangular pulse with a pulse repetition frequency of 80 pps. The modulation on
the desired carrier was set equal to zero for this simulation. The IF and audio bandwidths
were specified as 8 kHz and 3 kHz respectively with an input (S/f) of —25 dB.

4-36
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The measured output time waveform for the same set of conditions using a typical AM
receiver are shown in Figures 4-21b and 4-22b. Since the desired modulation was zero in
Figures 4-22a and 4-22b, only the relative shape of the output time waveforms can be
compared. The magnitude cannot be compared directly because a reference level was not
established for the measured results. These waveforms illustrate the agreement between
measured and analytical results.

The time waveform shows that although the peak level of the pulse has been
attenuated it is still larger than the desired signal. The interfering pulse will, therefore, mask
the desired signal during its on-time (this was also concluded in the Detector Section).

The output signal-to-interference power ratio, {S/1),, and the input signal-to-inter-
ference power ratio, (Sﬁ }a ¢ . define the power transfer function between the receiver input

and baseband output. This enables the intelligibility tunction, as specified at the baseband
output, to be transferred to an input signal-to-interference criterion. This is further
discussed in Section 6 and is symbolically shown in Figure 6-40.

In order to calculate Al using the simulation model, a single tone is used to modulate
the desired carrier. The level of the desired tone at the audio output is then used to
reconstruct the long term average speech spectrum as shown in Figure IV-2. This speech
spectrum then determines the representative speech levels in the 14 bands. Using the audio
spectrum thus obtained, and a program developed to calculate Al, the Al can be determined
for each set of interference conditions. The Al can then be referenced to the RF input
through the power transfer curve.

Selected runs from the computer mode! were compared with the measured data. The
results of these comparisons are depicted in Figures 4-23 through 4-36.

Fig:rhes 4-23 through 4-29 and 4-30 through 4-33 show the AM degradation curves, Al
versus (S/I)”', for non chirped and chirped rectangular pulse interference, respectively.

The curves compare quite favorably for both the chirped and non-chirped pulses with an
average difference less than 3 dB in the linear region of the curve.
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ESD-TR-70-207 Secticn 4

The largest discrepancies occur for low PRF ‘s, less than 80 pps, and an input (S/?) ratio
in the receiver passband of —15 dB or less. As previously explained, the low PRF's do not
affect the DC level of the AGC, thus causing the receiver to saturate. The computer program
is unable to account for this nonlinearity and therefore discrepancies can be expected when
this phenomenon occurs. This is further discussed in Section 6 under AGC effects.

A further comparison was made between the measured and computed data as shown in
Figures 434 through 4-36. The curves are plots of the input (S'i) ratio versus off-tuning
(Af) for constant Al values of .7 and .3. The computed and measured data again compare
quite favorably,

The general conclusion that can be drawn from the above comparison 1s that, within
the linear operating region of the recewver, the computer model calculates the performance
of an AM voice system subjected to pulsed interference from the on-tune case to the far
adjacent channel case. The pulse simu'ation model will currently generate rectangular,
trapezoidal, and chirped pulses for a wide range of pulse widths and pulse repetition
frequencies. The model can be modified to handle any pulsed interference that can be
expressed mathematically in either the time or frequency doman, providing the storage
capacity of the computer 1s not exceeded

The model will calculate output performance measures for any level of input
interference or input signal-to-peak interference ratios. However, the results must generally
be limited to approximately +30 dBm of peak interfering power or signal-to-peak
interference ratios of approximately —100dB. For ali but a few special cosite type
problems, this is not a iimitation as the complete range required for interference analysis has
been covered. For those cases 1n which a higher interference leve! is desired, tables of burn
out levels should be considered and not degradation critenia.

4.56
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SECTION S

DESCRIPTION OF MEASUREMENTS

GENERAL

A number of closed system degradation tests were made n order to acquie the
performance degradation dats nccessary for the AM receiver analysis investigation,

e

|
AM degradation measurements for chirped and non chirped rectangular  pulsed
interference of various pulse widths, PRF’s and off tui..ng (Af) were obtained. Articulatiun 1
Index (Al) and Articulation Score (AS) were used as the primary receiver output
degradation measures. The Al was obtusined using the Voice Interference Analysts System ’
{(VIAS) (APPENDIX IV). The AS was obtained by subjecting a group of listeners to a
preselected group of words corrupted by a specific type of interference. The result of this
test, expressed as the percentage of words heard correctiy, 1s referred 1o as the Articulation
Score. The word groups used in the tests were the Harvard phonetically balanced (PB) words .
as recommended by the American Standards Assoctation for Articulation testing (refe 3
rence 19). The master PB word tapes used as modulation sources in the tests were prepared 4
by Bell Aerosystems Company and are used ot their system scoring facility in Tucson, 1
Arizona (reference 20).
The miramum interference threshold (1.e., the level at which interference 1s first heard), j

the maximum interference threshold (i1.e . the level at which the desired signal could no

longer be detected), and vanious Al and AS 'evels between these thresholds were obtained as

a function of the following

1. RFinput signal to peak interference power ratio, (S/lg ¢ .

: 2. Audio output RMS signal to-RMS noise plus d:stortion plus interference i
) power ratio, [S/(N+D+1)] . E

3. Audio output RMS signal to-noise plus distortion plus interference
peak-to-peak power ratio, {S/’(N+D+l)pnpl -

A
The (S/l)a ¢, values were calculated from the RMS power 'evel of the desired signal
and the RMS peak power levei of the interfering pulse.

51
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In addition to the degradation data, MIL-STD-449 ( } (reference 10) type
measurements of receiver RF, IF, and audio selectivity, and dynamic range were obtained.
Photographs were also taken showing the audio interference output time waveform of the
victim receiver.

The MIL-STD-449 ( ) (reference 10) measurements along with the Al scores were
reported as Phase | measurements. The AS scoring and additional data were reported as
Phase |1 measurements due to the additional time required to subjectively obtain the AS
sCores. !

The AM degradation tests were conducted on two typical narrowband AM voice
receivers. These are designated RCVR NO. 1 and RCVR NO. 2. Measurements were also
made on two different serial numbers of Receiver No. 1. These measurements are designated
by M-1 and M-2. Figures 5-1 and 5-2 show the block diagrams of these two receivers. The
main difference Letween the two test receivers is the IF bandwidth. The No. 1 receiver has
an F bandwidth of BkHz while the No. 2 receiver has an 85 kHz bandwidth. These
bandwidths are typical of those encountered in AM receivers. Both receivers have an audio
limiter and an audio bandwidth uf approximately 3 kHz. The measurements on the No. 2
receiver were made with the limiter on, while the measurements on the No. 1 receiver were
made with the limiter oftf A plot of the RF, IF and audio selectivity for the No. 1 receiver
obtained from the Phase | measurements is shown in Figures 5-3, 5-4 and 5-5, respectively.
A plot of the RF and IF selectivity for the No. 2 receiver is shown in Figures 56 and 5-7,
respectively. The dynamuc range curves for both receivers are shown in Figure 5-8.

These measurements were obtained in order to model the functions required in the
simulatio model. Sections 4 and 6 discuss the overall eftect of these elements on receiver
performance.

- AM RECEIVER TEST PROCEDURE

The set-up used for the AM receiver test link degradation measurements is shown in
Figure 5-9. The set-up used for the desired AM transmitter test link is shown in Figure 5-10.
The set-ups used for the undesired transmitter test links for non-chirped and chirped
rectangular pulsed interference are shown respectively in Figures 5-11 and 5-12.

Balanced mixers were used in the generatic. of the puised signals to ensure the residual
carrier was attenuated by 60 dB or more. This was necessary since (S/l)q ¢, levels used in
the tests were at least —60 dB with the desired signal level typically being held constant at
—79 dBm. If the carrier is not adequately suppressed, the system will be interfered with by
the residual carrier level rather than the pulse being tested.

5.2




Section 5

ESD-TR-70-207

L "ON J3M323Y4 WY jo weibeiq ¥00|g jleuonduny ‘|-G ainbiy

JOVII0A 29V
J ¥313NdNY OIANY ONV 41 _ _l SIOVAS HIXIN ONV HIidINdNV IY __
] /omssy 2 $/9M ¥E - |
H213N0S 431Ny _ -csy € 280 Tvix .
J9v¥ 034A Y _
e U Th /2% GS¥ r\ul
X |
cw.uﬂﬂﬂu b ISION ONV p—]  ¥31 317NV jead euue“ =] Eu.._.._.” ]  ¥3 u:ﬂ__.“
_ ¥0123130 41

53

i i




Section 5

™~
&
©
ey
<
Ly
(o]
7]
w

_
_,.., il ] s
M = = |||I|:|||||||u.|___ _

Z "ON JaA132aY4 WY j0 wesbeiqg 3001g jeuonouny  °Z-G ainbig

M7 3nwa |

IVOINYHIIN ﬂ'

Dancie-62 0 CEIETR LA rryresyrry B Hr At
anoun g J R WLV 1280 ony ||l wawvrmoso | | | yduniemy] |
. AV e Y] _— -8 _ —' L
| | — | “vasmsaseva ]
¥ e
(a3x13) (31ewNNL) : |
i 20108 OV fiaph 1 wIxin a3y 4 - u3xin pa—fuatnem 4 wIxin Ve _
onnv ¥0133130 HR ov'S nmio-evl || wnos-oz] | |
ﬁ _l|.|.||||.||.|l||.Lr|||||||.lL_.l|||I.I|||L
2-wv/w i B
oL @] ALNI0N
1nanc W

54




2
£

ESD-TR-70-207

| 'ON J3AI309Y WV 4O ANAND3IaS 44 '€ aunbiy
IHN NI ADN3INO3IHI
» r4 (o] Z- - 9 - 8- o] g
00!
yd .
—409 pe
- 4
[
»
l
/ \ :
N 40 2=
N
<402
—

55

i b b ) G i




Section 5

ESD-TR-70-207

L 'ON J3A13034 WV jO A1IAD91aS 4| -G ainbiy
ZHY NI ADN3INOD3IY4

1 1— £- S- 4= 66— n-
_ B (R — S
4 + r 1 + \\IOO
] , B S o
e A 4 ¥ U 1 4
o N (S —
/ ||_ﬂ.ll._1|||\\.x.l.| — = L

8P NI NOILVNN3LLY

56




Section §

ESD-TR-70-207

| "ON J9M323Y WV JO A1AIIDS)9S OIPNY  “G-G aunbiy

Y N ADNINOIS

| 10
1 Y4

oz »

-

-

m

§

sl m

=

s
+
P :

vz

18

57




Z ON 13A13234 WV 40 ALIAIID313G 44 9 G aunbiy

[Fs]
M THM N ADN3INO3N
o8 09 ov oz 0 oz- ov - 09 - 08 - 20
[ o
w 409~
_ \
|
=N - S — . dog -
»
-
-
~m
&
o
2
z
—0k- 3
, —oz -
S = |
(=
~
«
-
fo 0
7]
w




—

Section 5

ESO-TR-70-207

THE Wl ADMINDINA

ow

C ON 13m323Y WV 40 ANIAIID3I8S 4|

il

(-G ainbiy

04~

o -

s 4 bt et e

8P NI NOILVYNANILLY

59

wla




Section 5

€SD-TR-70-207

{ ON Pue | ON S$i3AI339Yy 40 abuey diweuAQq 8 G aunbiy
WEP NI LNdMl dM
ow 02 o 0Z- Ow - 09— 08— O~ oei~
¥ T (o}
| 1 -
_. 2 ON WIAI3DTW @P OF + ALAILISNIS —= \*
T T T ] ) om w3ai323m 8P OF + ALIAILISNIS — 7 «
+ 4 £ _ ,m .
VLT LY
— 4 I . r i = i S
e L —— |Ir + =7 . g —s2
—— + + 4+ - 'Inuhl h; —— -—40€
/
|
+ B 4 3 4 - E - |.rh| S .__.. - - e [0] )
- ..—. .T\‘I"/ 34075 ——45Y
4  NOILONN 4
? S ) f o 1 el o,
_ MW NLIS0OIH L
— _‘ - ¢ 1 # 4 — 4 4CC
's 1 4 ll.\LS
— b * - + .__. - co
0d

iNdi1NO 010NV

NC
N+S

L

510




Section §

ESD-TR-70-207

dn1ag JaAIaday NI 1531 WY - wi.SeiQ UL EludwnIsu|  6-G aunbiy

OZW M3l
- -9
I MIZATYNY
| BN LI3d4S
|
=
B909 - g : '
BOLYEINID
Trasis ._.“"Fﬂ..u 1 iv6 M3l
——— 3400607111960 34008071 MI%0
—a
Vili-dH S00-2n W3LIW SO - gM/1- —_—
vy P96 N3l ALISHIL :!.____II__[O
D080V HIE0 3400607 WISO [ 3k TR | Dkt L
ﬁ GO 3N 3MidN3
' §-ZI820-0 Jve - kTR |
H SVIA ALISHI Lo
. 01314 9 ISION
7 N3l *8E nlL vIvPE - YOrri - dM T
M O M ONNd T TRERE ] M3LIMLII0A
ee  TEES 11 vl IWM) ITMYN Vi
. C-21820-81 ove SO1-IN/V -1
4v8 w34 IvE ¥31 vozs v20S-dM ININISNIALN
1980 - MiiNY HIATATYNY 0N
W-uu-n [ F F - MALA TP ANTR
— M m * { ) on
ANO OWONY NIAIIIIN

I
A0d — &
MmO 44

51




Section §

ESD-TR-70-207

ja1lwisues | yuiT) 1sa) jeubig pansagq Wy - weisbeiqQ uoneluawnasu] 0L -G aunbiy
¥ 461 — o
veINYD
3402507 IS0
¥W3IAIZI3IM L1S3L O4 T
P I e |
|
‘
]
{
A
8 1S58 ~aH 8150 - dN
¥IXIN —— 1INN 4y 1INN AVdSIO
1NOd - € H3IZATUNY _ ¥3IZAIUNY
P WNY¥1D3dS NNY¥1D3dS
ANdANO 14
WINIIMILNI
0SSE -dH v 902! — 49 1201
v80L9 - dH —_ QUOIINOYN
0 1417
gotv zutu BIZINOUHINAS a | 4300003
d3IiS M 3dvi
Zov353Im
GO,
Q3avi
668 —dM 9 909 - dH ” t-1906 - £ gD 002 -dM
WOLVNANILLY .‘lulxll WOLV¥3INID bp—@— HOLVEINID b e ¥O1VvI12S80
d31S 4MA TYNOIS ®e—] YNOIS 1S3 olanv
In 056

512



3|ng PIANYD-UON JejnbueIddy e Yim Ja1ajialu} Wy - wesbeiq uoilejuawnisu| | |-G ainbi4

Section 5

vEZS —dk L1018 01OV 20
HILNIANDD TreINID - Oove
AJMNINDIu4 SOLVE INID IEINID
HANIN LOw — £ 35 WNg AddNS HIM0d
Ol INeAND 4
r \* _
0G6E — M Ar2s—aM
dALE WA AJNINDI NS
2t
ﬂ Y.
066K —aM = IEEE —om YOUE - g
POLVINILLY WULYNMILLY ¥3AiN0
dILS FMA d31S dHA WITEIMANAS
m YOEZ — ¥ TrIGO: —dM TRIGO! —adH Y OOIE —dH
-0l -xv ¥ 314 Yy Z *w N3N | N NWINWN WIZISIMLNAS
S ave W IMO- a3y Ive QIONY IV ADNIND DN S
™~
x
8
w




w dnlag dny) yum asing 13134131u) Wy - weiberq uoneluBWNYSY 'Z1G anbiy
M
180582
S ET
NI-9N1d ino Jﬂﬁ
30vH1- 39NIS 43305 il
ZIMOH ¥3MO0d 20
H43IxXin VSPS %3y Olgvy v ; ﬂ.“wm." i e
L L] 3
3 e — e v
1¥04-€ o1 3402501711950 H314dNY o
1NdLNO 3¥ 4300V Svig
* LINM
O0S8E - oM VOIS —dH Y OO0IS ~ dH
HOLWNMNILLY NI ¥3IAINA e HIZISIHINAS,
4315 JHA INAS Y3 ZISIHINAS AIN3INO3N 4
JID2Zi 24121 JESE - dH
0I0YY TWH3INIS Olava Iveanao | HOLYNNILLY
H01VHINID
Aldds HIAMOd 359 d3lS 4HA
i }
8
JS5E - gH VOEZ - dW ¥V IS0I-dH Y HISO! - dH 0Ax
& HOLYNNILLY | ¥ 31 Tamy Z oN wIXIm f—d | oN w3NIM uucl:umu_n._&wmﬂ
- d31S A ¥3IMOd 032Nv Ve 032NVIVE Al
-
a
7]
w

514




BT (P g e 1 o L L T me— T — e s 2K e VLY N iiaatiarit i 2Y

ESD-TR-70-207

Tables 51 and 52 show the interference measurement conditions for which
degradation data were obtained on receiver; No. 1 and No. 2, respectively. The following
method was used to obtain the degradation data:

1. The desired AM test link transmitter frequency was set to the selected
channel frequency.

2.  The output of the Hewlett-Packard Model 606B signal generator (the test ]
transmitter) was coupled through an appropriate attenuator to the input of
the receiver. The attenuator was adjusted so that the signal level at the
receiver input was 30 dB greater than receiver sensitivity. {This ensures that
the output signal-to-noise ratio is high and consequently the noise is not |
greatly affecting the pulsed degradation investigation.) f

3.  The test transmitter was modulated with the standard VIAS test signal and a
clear channel upper performance limit (UPL) Al was obtained and recorded.
(The UPL is governed by the input signal level and the noise characteristics
of the receiver. This value is not a function of the interference since this has
been set equal to zero.)

4. The interference was set up in the measurement configuration shown in
Figure 511 (or 5-12) and the interfering generator was set up for one of the
test conditions in Tables 5-1 and 5-2.

5. The test transmitter carrier was then modulated with phonetically balanced
(PB) words. The modulation index was set to 50%.

s o

A e e s e e R

6. Two observers listened to the audio output of the receiver. The interference
signal power output was increased to a level where interference was just
perceptible to either of the oPservers. This was defined as the minimum

. interference threshold. The (S/1)q ¢, level was measured and recorded. The
interference signal level was then increased to the point where the listener
could no longer detect the presence of the desired signal modulation. The
interference signal was then reduced in increments until the desired signal
modulation was just perceptible to eitl)\er of the listeners. This was the
maximum interference thresnold. The (S/1)p ¢, level was again measured and
recorded.
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TABLE 51

INTERFERENCE MEASUREMENT CONDITIONS
FOR AM RADIO RECEIVER NO. 1

Pulse Width
()e)

Puise Repetition
Frequency (p/s)

At (interterence carrner trequency minus ttansmitter trequency }

Desired Signal Luvel 30 dB > Sensitivity

10

100

100

200

250

400

500

300. 1,000

300. 1,000

300. 1,000

40. 80. 160 400
300

40. 80 400

10 40.80 160
500. 1.000 1.600

10. 40. 80 400
40. 60. BO 160

10. 40 B0 400

Ohriz 45 MHZ

OhM: 3aHZ 2507 100k HZ, 500 hHZ, T MHZ

Oxrz 10002, 750 W H:

OaMHz InHz 1S5 hHZ 250z 385 eHz 100 kH2, 500 k H2
Ok Mz

Onrez 3opz 25 kM2 100 42 H00 k2

OkHZ 6RH2 1402 30kH7 60 kHZ
OuHz 30k 29502 100647 SO0 KHZ, 1 MHZ 10 M7
OkMz 375002 30 ks

O®Mz I kM7 H oMz 2% kM7 100+ H2, 500k H7

High Desired Signal Level 40 dBm

100

400

10. 40 400
10. 40 400

10. 40. 400

OkMz kM2 100kHZ 1 MM,
OkM7 JkH7 100 kHzZ 1V MKH7

ONHz 3 kH2 100 kH2 1 MH2

Desired Signal Level 30 dB > Sensitivity

Rectanguiar Pulses with Frequency Modulation (Chrrp)

100
200

400

40. 80. 400

40. 80 400

10. 40 80

O%Hz, 3kH7, 100 kHz, 1 MHz (Chirp 05 MH2)
OkHz, IkHz, 100 kHz 1 MH2 (Chirp 0.5 Mi{z)

OkHz I kHz 100 kH2, 1 MHZ (Chirp 250 kX H2)

5-16

Lo o

e




ESD-TR-70-207 Section 5

TABLE 5-2

INTERFERENCE MEASUREMENT CONDITIONS
FOR AM RADIO RECEIVER NO. 2

Puise Wigth Puise Repetition A1 Lintertference carrier trequency minus
(ue) Frequency (pps) transmitter frequency)

Desired Signal Level 30 dB8 > Senstivity

8 300, 1,000 OuHz, YOO KNI, 760 kHZ Y MMz, 10 MMz, 20 MH2
100 40. 80. 400 OMMZ, YOO MMHZ, Y MHZ 10 MHZ, 20 MK
100 300 oMz
200 40. 80. 400 OhHz 1006+, ¥ MHZ 10 MHZ, 20 MH2
400 10. 40. 80. 400 OkMHz, IhHI 1B kHZ, 100 kM2, Y MHZ, 10 M2, 20 MH?
1,000 10. 40. 80. 400 OhHz JkHz 1 MHZ, 10 MH2, 20 MMz

Migh Desired Signsl Level - 36 dBm

100 10. 40. 400 OkHI, 1 MH7 10 MN7Z, 20 MH2
400 10. 40 400 OkHz Y MMz, 10 MH2, 20 MMz
1.000 1. 40 400 OhMz, 1V MHZ, 10 MH?, 20 MHz

Deswed Signel Level 30 dB > Sensitivity
Rectanguier Pulses with Frequency Modulstion (Chirp)

100 40. 80. 400 O kHz Y MHZ, 10 MKz, 20 MKz (Chirp 1 MHz)
200 40: 80. 400 ONHz 100 kM2, 10 MHz, 20 MMz (Chirp 1 MM72)
400 10. 40. 80 OkHz 100 &k H2, 10 MHZ, 20 MHZ  (Chirp 2560 kH7)
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10.

"

12.

13.

14.

15.

Articulation score (AS) rfcordings at the minimum and maximum interfer-
ence threshold and at (S/1)g ¢, levels between the thresholds were obtained

for later scoring at the System Scoring Facility.

The transmitter was then modulated with the standard VIAS test signal
(950 Hz tone). At the S and T levels determined for the minimum and
maximgm degradation thresholds and the region between the two thresholds
the (S/1)q ¢, and the following audio data were recorded: Al, Sp—p, Spus.

(N+D+1),  (S+N+D+l), , and (S+N+D+l)g .

Steps 5 through 8 were repeated for all test conditions in Tables 5-1 and 5-2
where the desired signal was set at 30 dB > sensitivity.

The transmitter was modulated with phonetically balanced (PB) words, and
the attenuators were then adjusted for the high desired signal level. This was
the highest signal level compaubLe with the output test equipment power
capability that would permit a (S/1)g ¢, of at least —60 dB.

The transmitter was then modulated with the standard VIAS test signal, and
a clear channel UPL Al was obta ned.

Steps 5 through 8 were repeated for all measurement conditions listed under
""High Desired Signal Level”, in Tables 51 and 5-2.

The desired signal level was reset to 30 dB greater than receiver sensitivity.

The interference source measurement configuration was set up as shown in
Figure 512, and the interfering generator was set to provide the "Rectan
gular Pulses with Frequency Modulation (Chirp)’" as shown in Tables 5 1 and
52

Steps 5 through 8 were repeated for all measurement conditions listed under
"Frequency Modulation (Chirp)” pulses.

The measured data are documented in Appendix 1il. A summary listing of the location
in Appendix |1l of the various measured data is contained in Table 6-1.

AUDIO THRESHOLD TEST
This is a description of an audio threshold test that was performed in addition to the
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overall receiver minimum threshold test previously described. This test was run using the
average responses of three subjects trained to respond 1o a minimum audio interference
threshold. The measurement block diagram and the test parameters are given in Figure 5-13
and Table 5 3, respectively.

The following method was used 10 obtain the minimum audic threshold:
1. Set PB word group to normal comfort hearing level (600 mv).
2. Set bandwidth limited noise to the S/N levels required at Headset input.

3. Set desired PW and PRF in pulse generator increase output until pulse is
noted, back-off until threshold is obtained.

4. Record:
a. Signal level (voltage) at input to adder and Headset input. ]

b. Interference level (voltage) peak-to-peak at adder input and Headset
input.

c. S/N levels at Headset input

d. Photographs of all pulses at adder and Headset input with signal and
noise turned off,

The results of this test are described in Section 6 under Threshold Degradation Effects.

il \ M i s i -

TABLE 53

AUDIO THRESHOLD TEST PARAMETERS 4

PW 200, 400, 800, 1000 usec J

PRF 40, 80, 400, 800 pps
S/N LEVELS 5, 10, 15 20, 30, 40 dB
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NOISE PULSE
GENERATOR GENERATOR
‘_—4 P8 1
ADDER WORD OSCILLOSCOPE
GROUP
)il
— 1 |
BAND PASS
NI Y
FILTER :UPLI"E‘? HEADSETS RwsS :
300- 3,000 Mz VOLTMETER J
4
i v‘
Figure 5-13.  Threshold Measurement Block Diagram
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SECTION 6

MOODELING OF PULSED INTERFERENCE EFFECTS

INTRODUCTION

This section discusses the modeling of pulsed interterence etfects or trends. These
results are based upon a combination of measured and simulated data. The rneasured data
(Section 5 contains a description of the measurement procedure) are documented in
Appendix IIl as the data base for this and possibly other AM puised interference
investigations. The data are presented in Appendix |11 as a senes of graphs. The simulated
data are discussed in Section 4.

The data presented 1n Appendix 11 show the relationship ot:

1. Amculan‘fx\ Score (AS) versus the receiver input signal-to-peak interference
ratio [(S/1)g ¢ |

2.  Articulation Inder [(Al) versus the receiver input signal 10 peak interference
ratio

3. Degradation Threshold versus receiver input signal to peak interference ratio

4.  The recewver input signal to peak interference versus the baseband output
signal-to-interference (average) and signal to peak to-pezk interference ratio.

Table 61 lists a summary of the page numbers nf these figures according to their
interference parameters.

The measured and computer simulated data were specifically examined for trends
relating pulsed interference to:

Voice Intelligibility
Degradation with Pulse Rate

Degradation with Pulse Width

Degradation with Chirped and Non-Chirped Pulses
Degradation with Off-Tuning

Degradation with Output Signal-to-Nosse Ratio
Baseband Power Ratios

NOoOOaeEWwNn —~

6-1
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TABLE 61

BASIC AM PULSED PERFORMANCE DEGRADATION DATA SUMMARY

b gt P T PR T B ST T TRETT] noroer | womn Pops Numbe ,11
Asve (/) o, 1 300 83 ' Wi e
As e, 18/1) ": 1 1000 63 1 w2 TR) ) ]
As vs. (8/D) nr 10 300 -8 1 a3 ne
Asve is/h 10 1000 83 1 e Wi ’

)
As va. (S/.l)"' 100 40 83 1 i b 1110
As vs. ISIT)R" 100 80 83 1 He e
A8 Ve, (S/:)RF 100 160 83 1 "y 1"z

1
As s, (sx:p” 160 300 83 ' 1M TR K]

3
As ve. |s/:).' 180 e [ b 1 TRY Hi 14

!
As ve, 13/:)" 2%0 40 LB) 1 110 110

|
Ag ve, ulh"h 230 80 ") 1 e v IR
Ag ve. (S/;)n' 250 160 LB 1 112 "1y

l
Ag ve. (5,4.-)”' 150 500 R} 1 1113 [IXIRT ]
A v, tsA':)RF' 280 1000 R3 1 1 14 e te k
A v, (s.':)RF 250 1600 R) 1 116 20

I
As ve. (S.’:)." 500 40 [CR] 1 Hi16 121
Ag vs. (S/;)." 500 60 /3 1 RN 122 .
As vs. !S/:)n" 500 80 83 1 118 1 23
As ve. (S’:)RFI 500 160 81 1 g 1 24
Ag ve. (S';In" 1000 40 82 1 11 20 " 2%
Ag ve. lsﬂ")“‘l 1000 80 83 1 " 21 11 26

. 5
Al vs, (s"“RF. 1000 160 83 1 thE 22 "y 27
Agvs. (5/;)"| 10000 40 83 1 1123 1 28 d
As v, (sx;)". 10000 80 - 83 1 it 24 " 29 J
Agvs, (3/.n”' s 300 72 2 " 2s 130
As vs. (S/:)n" 5 1000 72 2 126 1" 31 1
Ag vs. (SI:l.F' 100 40 72 2 1"e-27 1" 32 _
6-2
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TABLE 6-1 (Shest 2 of 6)

Tvpe of Besic Pesometer Description Receiver Fgure
Oete Pressnstion Felial | PRF [ Gup ORI | S1aBm) | Number | Number Page Number
As ve. m:;"l 100 o0 12 2 1i-20 KT '
1 As v (s/:p". 100 300 - 12 2 e 2e "
! . As ve. «s/:)"' 100 400 72 2 11-30 136
* As ve. (!/:).’l 200 0 72 2 He-3 111-36
. Asvs. (s/?;” 200 80 2 2 in 32 137
i
As vs. (3/.';”. 200 400 72 2 1 33 ME
i As ve. ‘S/:,R' 400 10 12 2 1 34 1 39
}
E Asvs, (s/:)” 400 72 2 n 3 11-40
1 0 ]
As ve, (S/”N’ 400 80 14 Fi 1136 Hi 4N
[}
i A vs, (s/:n”' 400 400 72 2 1 a7 oAz .
Aevs. (s/:)” 1000 0 72 2 1t 38 11.43 1
J
Asve. (s/:)” 1000 40 77 2 " 3e Hi-aa
I
Asve, 13/1)” 1000 80 72 2 11.40 ih 4k
A i 4
E A vs. (s/n”' 1000 €00 12 2 1i-a1 -8 2
As ve. (s/.n_.Fl 100 60 10 12 ] 142 1 a7 ]
Asvs, (s/.n" 100 400 10 72 P) 1143 1 a8 !
]
Agvs, (5/:)'." 200 40 10 12 P " aa .48
Agvs. -'s/:»"' 200 80 10 72 2 In-as 1 80
Agvs, (3/:)"' 200 400 10 72 7 1nae e
Ag ve, (5’;‘;‘" 400 10 02% 72 2 t-47 1" 62 ‘
' As vs. (3/:)"' 400 40 02% 7] ? 11148 1183
1 Ag v, (s;n”' 400 ®0 025 72 2 a9 -6 J
o Alvs. (sx.n"' s 300 79 1 11180 " &8
Alvl.(S/:ln" L] 1009 - 79 1 1189 111.86 I
Alvs. (s/;)”' 100 40 79 1 1192 "7 i
Al v ls;n"' 100 80 79 1 1163 "i-58
Al ve. (s/:)". 100 300 79 1 1Hi-va 189
Al v (s/:\"' 100 400 - 79 1 1"-68 11180
] 6-3
)
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TABLE 6-1 (Sheet 3 of 6)
Tyoe of Besic Poonete  Descrption Receiver Figure
Deta Presencstion P ipe) [J Chirp (MKH2)|SiaBm) Number Number Page Number
As ve. (!/‘l e 200 [ ) -79 1 11-68 it
As ve. (S/‘I).‘ 200 80 -9 1 Hi-bY 62
P (3/:)". 200 00 -9 ! 1168 163 L
Asg ve. (’;”RF‘ 400 10 -79 1 iti-58 1166
As va. (S/:).' 400 40 79 ] tH 60 11686
As ve, (ll:)." 400 80 9 1 6 14166
Ag ve, (S/.l)'F‘ 400 400 79 H 1162 167
As v, (S/:)HF' 1000 10 9 1 H1-62 111 -68
As ve. lS/‘l)”F 1000 40 19 1 1164 169
1
As v, ‘S/.”RF' 1000 80 19 1 it 1 70
As ve. (!/l:).‘ 1000 400 b4’ 1 I 6t TIRA]
|
As s, 45/;)”. 100 10 a0 ) 67 72
Ae ve, 15/;)~' 100 40 A0 1 1168 1t 73
. )
As ve, (S/H"' 100 400 40 1 1t -6% 1 74
Ao ve. (S/:)'"| 400 10 40 1 1 70 t 78
As v, (S/.”RF' 400 40 40 1 i 71 th 76
As vs. (SI.HR‘ 400 400 40 1 172 177
'
Ag ve. lS/.l)n‘ 1000 10 40 1 73 1 74
|
As ve. (8/:)'"' 1000 40 40 1 174 11179
A vs, (S/‘l)n" 1000 400 40 1 178 1"i-80
An vs. ts/.n" 100 40 ] 79 1 176 1 81
)
As vs. 'SI‘:)nr' 100 80 5 79 1 77 182
As ve, 13/:)'"' 100 400 5 79 1 1 78 183
Aon.(s;l)n" 200 40 5 -79 1 1179 1 ga
As ve, (S/.l)"' 200 80 L1 -79 1 11-80 1186
As vs. (S/;)R‘I 200 400 5 -79 1 nme 111.86
Ag ve. lS/:).F' 400 10 0.2% -79 1 182 187
As ve. ts,'.u"' 400 40 0.2% -79 1 1183 1188
As ve. (S/.H'"' 400 80 0.2% -79 1 1" sa 1189
6-4
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TABLE 6-1 (Shest 4 0of 6 )
Type of Besic Pos orroner Recoiver Figure
Oete Pressntstion "W—_Fi'r Chup (MN2) | 6 (@8m) | Numbwr | Number Tage Number
A‘v\.(!l:)." 1] 300 -r2 2 11886 1190
As vo. (ll:)"' ] 1000 -72 2 1HiI8e HI-9Y
Asve. W;’”: 100 v -12 2 nay ez
Auu(l/:)“" 100 80 -72 2 1188 1-93
As v, ll/:)”'i 100 300 72 2 189 1i-9a
As vs. (l/:)"' 100 400 12 2 111-90 198
ont.(!/:)n" 200 40 12 2 1181 11196
As vs. ll/.l)”" 200 [ ] 2 2 1192 1 9?
As v, lSI.I)"'l 200 400 72 2 11183 I o8
As ve, lS/.Hn'| 400 10 12 2 1:!-9‘ 98
A ve, (!/:).' 400 40 12 2 HI 98 1t 100
)
Ao ve. (s/?)” 400 [ ] 2 2 [IE"14 He 10y
t
As ve, (’/:)n!' 400 400 va 2 ey 11102
Ag ve. IS/:)." 1000 40 72 2 tHi 98 tH 103
Ag ve, (S/:)." 1000 80 72 7 1t 99 i 104
Ag ve. (S/.H"' 1000 AD0 72 7 ti1 100 14 108
As v, l!/:\-,' 100 o0 26 7 111 101 1106
Ag ve, lS/.lln' 100 40n 36 ? it 102 1107
l
As ve. (SI.H." 400 40 36 2 111103 Hio8
As vy, (S/.”“" 400 400 3 2 14104 i 109
Aon.lS/.n'"' 1000 &0 3¢ ? 1t 108 "o
Aln.lS/:)." 1000 400 - 36 2 11106 NURAR}
(S/;D“F VT S S 300 -7 1 1 107 H 11z
) NsD»
. ] 1000 -79 1 11-108 1113
* 100 80 -79 1 141-100 [IIRRY]
v 100 80 -79 1 1110 1" 118
e 100 300 -79 1 H1-111 Hi 1186
o I 100 400 -79 1 11112 117
65
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TABLE 6-1 (Shest 5 of 6)

Type of Besic Paremeter  Description Recever Figure
Oets Pressntation Plos) SRE ] S (MHZ]] & [em) | Number Number Page Number
(l/?)" v s ‘,J 200 40 -9 1 "-113 Hi-118
| N+O+l)
* 200 80 -79 1 114 [IIRATL")
E " 200 400 ~79 ' HI-116 1120
. 1000 10 -79 1 1HI-116 1 121
. 1000 40 -70 1 =117 1 122 i i
‘ 1000 80 -79 1 -8 123 !
e 1007 400 -79 1 TIREY 124 !
= 100 40 5 -19 1 1i-120 1126 i
100 80 s 79 1 NREL 11-126
z ) 400 3 79 1 22 n127
2 200 40 K] 19 1 11123 128
. 200 80 5 79 1 1-124 (1129
: 200 400 .5 79 1 1"12s 11-130
) 400 10 0.2% 79 1 11126 NREY ‘
400 40 0.2% 79 1 1127 1" 132 E
" 400 80 0.2% 79 1 " 128 1133 '
@ 100 10 40 1 1129 i1 138
] 100 40 40 1 111-130 1 138
" 100 400 Y] ) 131 i 126
4 ” 400 10 40 1 Ht 132 i 137
& 400 40 -40 1 1133 111138 ‘
i " 400 400 - 40 1 IH-134 1 139
" 1000 10 —40 v 111-138 111 140
i " 1000 40 —40 1 11136 11131
* 1000 400 —40 1 111-137 t 142
ﬂ (s/.u"'vs sm, s 300 -79 1 111138 111-143
" ] 1000 -79 1 111-139 "Hi-184
- 100 40 -79 1 11-140 11-148
t' " 100 80 -7 ] 1n-141 l 111-146
¥
t-. o
B
\
|

5 IR — o
3 e e e
e ey sk st L
i i) L "
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TABLE 6-1 (Shest S0of @

Tvpe of Basic Posamwnter  Descrigtion Receiver Figure
Owa reemetion [ YT IR T BES T TYTET ] nomse | nomber | Pege Numeer
tuh"|vo¢uli° 100 300 R 1 1142 ey
” 100 400 -7 1 Hi-143 1148
* 200 40 -7 1 1164 Hi-149
" 200 L ] -7 ] th-1648 h-180
" 200 400 -79 1 11-146 ey |
" 00 10 N ' MRTY nmasa
* 200 40 -79 1 111-148 183
* 400 -9 ) 1n-149 11104
" 400 400 -7 1 11180 He-168
. 1000 10 ~79 1 TRIL 1186
’ 1000 0 -79 1 HI-182 ("-187
” 1000 o0 -9 ' 11-183 141168 p
4 * 1000 400 -79 1 11-154 Hi-188 1
3 x 100 o0 Y -7 1 1188 i-180 ' I-La
o 100 20 8 -7 1 111168 1181 i
* 200 40 K] -8 1 1-18? 111162
* 200 (2] 8 -7 1 14-188 "n-163
| * 400 10 0.2% -79 1 1Hi-169 1184
* 400 40 0.2% -7 1 11-160 11-168
4 * 400 80 0.2% -79 1 1"-161 11-188
;- THRESHOLDS ALL ALL - -83 1 s .z
. TASLES
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8. Minimum Threshold Degradation Effects
9. Audio Limiting
10. AGC and Amplifier Saturation Effects

The resulting models or etfects are useful in representing the dependence of AM receiver
performance upon various pulse parameters.

VOICE INTELLIGIBILITY

The following 1s a discusston of how the intelligibility of a voice signal at the receiver
output is degraded by pulsed interference Voice intelligibility was measured by subjecting a
group of listeners to a preselected group of words corrupted by specific types of puised
interference. The results of this type of test are expressed as the percentage of words heard
correctly and s defined as the Articulation Score (AS). The basic data obtained for this test
are given in Appendix |11 (Figures 111 1 to 111-49).

Figures 6-1, 6:2 and 6 3 are plots of the average articulation score as a function of the
input {S/1) ratio for varnious duty cycles (6) The on tuned data (interference and desired
signal carrier frequencies equal) were averaged since this does not require an additional off
tune filter power correction factor Thep:ise widths were from 1 usec to 10,000 usec. The
results show that for a duty cycle & < 8% (radars are typically less than 1%) the pulsed
interference cannot effectively biock intelligthihity in an AM receiver. The articulation score
remains higher than 90% even for large interference levels as shown by Figure €-1. The
rectangular pulse is detected as a loud 'pop’’ at the pulse repetition frequency (PRF) rate or
as a ‘buzz’” at the audio output depending on the PRF and pulse level. The pulsed
interference is on for only a fraction of ime compared 10 a word length and therefore only
a small portion or portions of the word 15 interrupted. It 15 theretore reasonable to expect
the intelligibility to be high.

When the duty, cycle is between 8% and 25%, the pulsed interference causes minimal
degradation for (S/1) levels above —15 dB. For {S/1} levels below — 15 dB there is a rapid
decrease in system performances as shown in Figure 6-2. For this case, the pulsed
interference is on for longer periods of time, thereby interrupting larger portions of the
speech waveform. The upward spread of masking (masking of frequencies higher than the
audio interfering frequency, see Reference 21) due to large interference levels also aids in
reducing the intelligibility of the system.

o Figure 6-3 is shown for a duty cycle greater than 25% and indicates that for negative

(S/1) ratios the system performance falls off very rapidly. The pulsed interference is on for a
long enough period of time to mask complete words or sentences. This causes a

68
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correspondingly large change in articulation score when the pulsed interference is stronger
than the desired signal. A review of the literature showed that a similar trend was
demonstrated in a test conducted by Miller and Licklider (reference 22). In that test,
undistorted speech was turned off at varous intervals and the resulting articulation score
was obtained. The proportion of time that speech is on is called the speech time fraction,
The results of their tests are shown in Figure 6-4. In this figure, the articulation score is
plotted as a function of the frequency of interruption with the speech time fraction as the
variable parameter.

Since undistorted speech was turned off at audio, the results do not include the
masking effect of the pulsed interference. However even with these differences, there is
considerable similarity betwean the two sets of data. Both sets of data show that for low
interference duty cycle and high speech time fraction, the degradation to speech is minimal
and increases steadily for an increase in interference duty cycle or a decrease in the speech
time fraction.

The intelligbelity (AS) trends of the data discussed in this section were obtained for a
narrowband AM gsystern with approomately & 3 kMz audio or information bandwidth,
Commercial and high fidelity systems employ bandwidths up to 15 kHz, It s, therefore,
desirable that the resuits of this investigation be extended 1o wideband systems. The basic
information that can be used for thes transformation s the relationship of AS scores 1o
bandwidth and audio signal to noiwe ratios. Figure 6.5 shows this relationship which was
obtained using the basic AS versus ugnal to-noise ratio curves found in Reference 23 and the
bandwidth correction curves found in Reference 24 Figure 65 shows that, for an AS of
80% or less, increasing the bandwidth of the system to 6 kHz or larger decreases the
required (S/N), ratio by up to 3 dB. For higher values of AS the decrease in required (S/N),,
ratio is even greater and s approximately 12 dB for an AS of 95%. 1f instead the (S/N) ratio
is held constant at 5 dB and the bandwidth 15 increased to 6 kHz or larger there is a 10%
increase in AS and for a (S/N) ratio of 25 dB there 15 an increase in AS of only about 6%. In
general, increasing the audio bandwidth will increase the system performance for the same
(S/N) ratio. This increase will be greater for lower values of AS and will decrease as the AS
value approaches 100%. Aithough bandwidth correction curves are not available specifically
for pulsed interference, the corrections in Figure 65 can be applied to the pulsed
interference curves, as a3 worst case (noise) transformation.

The high fidelity systems that cannot tolerate the presence of pulsed interference at
the audio output regardiess of the articulation score should not use the AS data discussed
here. The data on pulsed interference threshoid, reported later in this section, should be
used in those cases where the very presence of pulsed interference at the audio output
cannot be accepted.
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ESD-TR-70-207 Section 6

This section has discussed voice intelligibility in terms of AS scores. The articulation
index (Al) was also used in this investigation to measure the relative performance
degradation of voice systems (Al is discussed in Appendix 1V). The relationship between AS
and Al is therefore desired and is shown in Figure 6-6 for the average of the pulse width and
puise rates considered in this investigation. This figure shows that the Al score does not
correspond directly to intelligibility in terms of AS (a 45° line would indicate an ideal
correspondence). This also indicates that the Al values used 1o indicate performance levels
must generally be interpreted according to Figure 6. 6. Al scores of .7 and .3 have generally
been used in the literature to specify the point at which intelligibility is starting to decrease
and the point at which voice commun.cation is unacceptable. These criteria are used because
they are good indicators for noise interference and because they are reasonably good
indicators for continuous modulated interference. Table 62 compares the .3 and .7 Al
~ values for noise, continuous modulated interference and pulsed interference. The values for
the non-pulsed interference were obtlained from Retference 25 This table shows that the .7
and .3 Al values cannot be specifically related 10 the same level of intelligibility in terms of
AS uniess the type of interference 1s specified The table does, however, show that the
difference in AS for the 7 Al cniterion and different types of undesired signals is small
(12%). This criterion, therefore resuits in & reasonable constant standard in terms of AS
intellighility scores. The 3 Al criterion, however, can result in AS scores that vary between
11 and 37%. Theretfore, the type of interference needs 10 be specified in order 10 reasonably
determine a lower acceptabelity threshold

Since the AS score 13 97% for pulsed interference and a .3 Al criteria, it appears that
another Al criteria could be used for the lower acceptability threshold. In particular, an Al
criteria of .1 still results in an AS score of BB% and appears to be a reasonable choice for a
iower threshold. Mowever it was observed in the course of this investigation that, although
the AS score for a 1 Al criteria is acceptable in terms of intelligibility, the interference was
extramely annoying or fatiguing Therefore an Al criteria lower than 3 should not be used
unless the fatigue or annoyance factor s not considered to be important.

In general, it was concluded that for puised interference only the .7 Al threshold level
should be used as a general indicator of an acceptability threshold. This level denotes the
point at which intelligibility is starting to decrease. Al scores lower than this value still
dencte high intelligibility levels and do not conveniently define the lower acceptability
threshold.

DEGRADATION WITH PULSE RATE
The following is a discussion of how degradation is related to the pulse repetition
frequency (PRF) of the interfering signal and how this trend can be conveniently modeled,

6-15
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ESD-TR-70-207 Section 6

Figure 6-7 shows the input (S/?) ratio for a constant degradation criteria as a function of the
PRF for non-chirped, rectangular pulse interference. These curves were plotted using
on-tune data for puise-widths of 5, 100, 200 and 1,000 usec. An Al score of .8 was used as
the degradation criterion and represents a median level of voice intelligibility. The on-tune
data was analyzed since it does not require an additional off-tune filter power cofrrection
factor. The receiver simulation process described in Section 4 was used to obtain the data
since the measurements did not cover a sufficiently wide range of pulse parameters.

Figure 6-7 indicates that for PRF's between 10 and 400 pps the required input
signal-to-peak interference is increasing at the rate of

s/, = 10log (—:—2%) + (s, | 61)
where

(S, , = the (S/1) in dB at PRF 1and 2

PRF, = the lower value of PRF

PRF, = the higher value of PRF

The range in which this equation is valid covers the PRF range encountered in most radars
from the newer low PRF, chirped radars to the higher PRF, conventional search radars.

The increase in the (S/?) ratio is directly proportional to the increase in the average
interference power. A doubling of the PRF will decrease the number of line spectra by one
half and increase their respective (voltage) amplitudes by a factor of two thereby causing the
average power to double. This increase 1n average interference power necessitates an equal
increase in the desired signal power in order to maintain a constant level of Al. The increase
is linear up to a PRF of 400 pps and could be extended to a PRF of 1,000 pps with less than
2 dB error. The reason for this can be readily explained with the aid of Figure IV-2 which
shows the cut-off frequencies for the 14 frequency bands used in calculating Al. For low
PRF’s the pulsed interference line spectra are present in all 14 of the frequency bands used
to calculate Al. As the PRF increases fewer line components of the pulse spectra are
contained in the frequency bands. For PRF’s above 400 pps a number of frequency bands
do not contain any line spectra. This resglts in a decrease in the effective interference power
and a corresponding decrease in the {S/l) ratio necessary to maintain a constant level of Al.

6-18
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Figure 67 also indicates that all pulse widths greater than 200 usec create
approximately the same performance degradation. Pulse width parameter variations are
discussed later in this section

Figure 6-8 shows how the Al score varies as a function of the PRF, PW and input (S/i).
The curves show that for a given (S/?) ratio, there is a linear decrease in the value of Al up
to approximately 400 pps and then a linear increase in Al as the PRF is increased above
400 pps. This is as expected since Figure 6-7 shows that the effective level of interference
increases with an increase in PRF up to approximately 400 pps and the‘p decreases as the
PRF increases above 400 pps. The curves also show that for the hlgt)‘ét (S/1) levels (>. 10 dB)
the maximum interference occurs at approximately 400 pps and at lower (S/1) levels
(< 0dB) the maximum interference occurs at approximately 300 pps. This effect appears to
be caused by the upward spread of masking as the intensity of the interference is increased.

The AS data as a function of PRF for receiver number two is shown in Figures 6-9 and
6-10. Figures 69 and 6 10 indicate that the voice intelligibility in terms of AS, which is
related to the Al score as previously discussed, is also degraded proportional to the PRF.
This is due to the approximate uniform masking of the voice by the PRF lines across the
baseband spectrum. The AS data was limited to extremely high AS scores (approximately
99%) and therefore was .ifficult to use in accurately indicating this trend. The first figure
shows AS as a functior o' PRF for individual PW's and the second for an average of all the
PW’s. The data generally indicated a decrease in AS as the PRF increases. The change was.
however, small enough (5%) that the effect of PW on AS can be neglected for most practical
voice probleins.

In summary, for fixed Al scores the input (S’?) ratio is proportional to the log of the
PRF from 10 to 400 pps and is approximately proportional up to 1,000 pps. The Al and the
AS voice degradation measures also are proportional to the log of the PRF although the
variation in AS is negligible f--- most problems.

DEGRADATION WITH PULSE WIDTH

The following is a discussion of how degradation is related to the interference pulse
width (PW) and how this trend can be divided into different modeling categories.

Figures 6-11 and 6 13 show how AM degradaiion, caused by non-chirped rectangular
pulse interference, is a function of the pulse width of the interfering signal. The data used in
these figures was obtained from the receiver simulation process described in Section 4.
Figure 611 is a plot of input (S/1) versus PW for a constant PFR, Af and Al. This shows an
" increase in the required input (S/T) as the PW is increased. This trend is due to IF and
‘baseband filter effects and is discussed in Section 4.
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When the input pulse has a spectrum wider than the |F bandwidth, a portion of this
energy is lost at the IF output. This effect is shown in Figure 6-12 for an IF bandwidth of
8 kHz. The difference between the input and output energy is plotted as a function of
off-tuning for various pulse widths. This figure shows that for on-tune PW's narrower than
about 100 usec {the inverse of the |F bandwidth) the power loss is approximately,

Po

F.— = 10log (B¢ 1) 6-2)
where

T = The input pulse width

B¢ = The IF bandwidth

This figure al30 shows the characteristic spectrum envelope fall-otf of 20 dB per decade. The
5 usec pulse also shows this spectrum fall-oft for the upper or lower envelope aithough in
general the response foliows the peaks and nulls. This means the results from the narrow
pulse case must be carefully specified to insure that off-tuning values are not on peaks and
nulls of the spectrum or inconsistent off-tuning patterns will result.

The amount of power or energy passed through the various filtering sections is
primarily a function of the |F and audio bandwidths. Since the case being considered has an
IF bandwidth approximately itwice ths audio bandwidth {the |F BW = B kHz; the
audio BW = 3 kHz) only siight additional filtering should be obtained from the audio filter
(see Section 4}. For the on-tune case in which the |F bandwidth is much greater than twice
the audio bandwidth, most of the filtering 1s introduced by the audio bandwidth for puise
bandwidths equal to or less than the IF bandwidth. For the present problem, pulse widths
greater than 100 usec do not completely pass the audio filter. Figure 6-13 shows that, in
terms of Al, the score gradualiy decreases until about a 300 usec pulse width is reached.

In summary, the input (S/?) ratio required for a constant A! value increases linearly
with the log of the PW up to the inverse of twice the baseband bandwidth. Pulses wider than
this pass through the system and act simiiarly in their degradation effect. This is illustrated
in Figure 6-13, which shows degradation in terms of Al as a function of PW. These curves go
asymptotically to Al values of .36 and .20 independent of the larger pulse widths.

6-26




UIPIM 351Ng JO UONDUNY € se x3pu| uoleNdILY g -Q 31nbiy J
orl NI md j
sviooo’) s 1001 srioa sy ;
T 4 -0 i
...r/. ™ ,”
!TT | j
= 4 | o ,,
™1 1
“ ./ | _ /A-ln_ﬂgntf >
N =
.u V34 0F - dbd II | m ~ -
1 e - 4 e n o
1 | = 7]
>
\ .,
+ . N — kjo» = 1
I
J
| 4/ N
/ N
...r.-r- 3
R 00| .
~ ;
2 E
o~
(=]
B
[ o
H
Q
7]
w




e b o

ESD-TR-70-207 Section 6

DEGRADATION WITH CHIRPED AND NON—CHIRPED PULSES

The following is a discussion of how degradation is related to the chirp rate of the
rectangular pulse and how this trend can be conveniently modeled. Curves of input (Sﬁ )
versus Af for constant values of Al and different chirp rates are shown in Figures 6-14
through 6-17. Figures 6-14 and 6-15 were plotted for pulse widths of 100 an.; <J0 usec and
a chirp rate of 0.5 MHz. Figures 6-16 and 6-17 were plotted for pulse widths of 200 and
400 usec and a chirp rate of 250 kHz. The PRF was 400 pps for the 100 and 200 usec pulses
and 40 pps for the 400 usec pulse. The data used in these figures was obtained from the
receiver simulation process described in Section 4 since the measurements did not cover a
sufficiently wide range of pulse parameters. The limited measured data compares favorably
with the simulated data and therefore nc appreciable errors are expected from introduction
of the simulated data. The curves of Figures 6-14 through 6-17 show that for a given vaiue
of Al the input (S/1) ratio is constant out to a given frequency Af,. There is a sharp fall-otf
between Af, and a second frequency Af,. The fall-off above Af, is at a rate of
approximately 20 dB/decade.

At this point it is interesting to compare the off-tuned degradation trend with the
chirped spectrum. A typical rectangular, chirped pulse spectrum was constructed using the
procedures outlined in References 26 and 27 and is shown in Figure 6-18. The shape of the
spectrum appears to follow very closely the shape of the degradation curves. It is shown in
these references that the critical frequencies, Af, and Af,, are a function of the chirp rate
and pulse width. The initial critical frequency, Af,, is approximately

Bt B |"
A, =1 = = e (6-3)
2 27,
wherr
By = the total frequency deviation
Ty = the transmitted pulse width

The second critical frequency (where the 20 db/decade fall-off begins) is approximately
equa! to the total frequency deviation and is given by:

Af, = B, (6-4)

The critical frequencies, Af, and Af,, and fall-off’s for the degradation curves correspond to
the critical frequencies and fall-off’'s for the chirped pulse spectrum. These critical

6-28
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frequencies and fall-off‘s indicate the degradation caused by chirped pulses is proportional
to the interference power within the receiver passband since the contour curves fall off at
the same rate as the pulse spectrum,

A convenient method for modeling the effects of chirped pulses would be to determine
the amount of inband pulse power for a given chirped pulse and then relate this to an
equivalent amount of power for the same pulse without chirp. To accomplish this, the
equivalent curves for Figures 6-14 through 6-17 for non-chirped pulses were obtained and
are shown in Figures 6-19 through 6-21. In order to determine the inband pulse power, the
power loss in the IF filter was determined using the computer simulation model for both the
chirped and non-chirped pulses. The non-chirped power loss transfer function was
previously given in Figure 6-12. The 250 and 500 kHz chirp power loss transfer functions
are given in Figures 6-22 and 6-23, respectively.

Using the curves of Figures 6-14 through 6-23, the inband power was obtained for the
on-tune chirped and non-chirped pulses. The data is tabulated in Table 6-3 and shows there
is an average of 3 dB more inband interference power for non-chirped pulses than for
chirped pulses for a given Al performance level. This also shows that the chirped pulse
requires an average of 3 dB inband higher signal-to-interference power ratio than the
non-chirped pulse for the same system performance. -

In order to calculate the equivalent inband power for various off-tuned values, it is
necessary to normalize the off-tune values for chirped and non-chirped pulses so they are
equivalent. The breakpoint frequency for rectangular non-chirped pulses that have a 78,
product less than 0.64 is approximately 1/n7 (reference 28). When the 7B, product is equal
to or greater than 0.64 the breakpoint frequency is approximately one half the IF
bandwidth. The equivalent breakpoint frequency for the chirped pulse is equal to the
maximum chirp frequency. It is, therefore, necessary to normalize the chirped off-tune
frequency, for Af values greater than the maximum chirp frequency, by the ratio of the
non-chirped breakpoint frequency to the maximum chirp frequency. That is,

fAf
Afy ¢ = M€ (6-5)
Pe
where
Aty ¢ = off-tuning for non-chirped pulse
fm =  1/nrorB,e/2
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ESD-TR-70-207 ' Section 6
Afe = off-tuning for chirped pulse
B, = the total frequency deviation

For a 0.5 MHz chirp rate the equivalent Af for a non-chirped pulse is given by
Afyc =22x10¢ £ Afc and for a 250 kHz chirp rate the equivalent Af for a non-chirped
pulse is given by Afyc=4x 107 f_ Af .. Using these results and the curves of
Figures 6-13 through 6-22, the inband power was calculated for chirped and non-chirped
pulses for various off-tune values. The data is tabulated in Table 6-2 and again shows that
more inband interference power is required for the non-chirped puise than for the chirped
pulse to produce a given Al performance level for equivalent values of off-tuning. The
average off-tune increase in interference power required for the non-chirped puise is 1 dB.

In summary, the chirped pulse requires approximately 2 dB less inband interference
power to produce the same system degradation effect as the non-chirped pulse. The inband
(S/f) ratio for a non-chirped pulse would then be 2 dB less than the inband (S/f) ratio for an
equivalent chirped pulse. This relationship provides a simplified method for modeling the
effect of chi'rped pulses on an AM receiver.

DEGRADATION WITH OFF-TUNING

The following is a discussion of how degradation can be modeled as the pulsed
interference is tuned from an on-tune case (Af=0), to a co-channel case (Af <B,¢) and
finally to a far adjacent channel case (Af >> B, ). '

Figures 6-24 through 6-31 show the AM degradation curves, with input (S/f) versus Af,
for receivAer No. 1 and non-chirped rectangular pulse interference. The curves show the RF
input (S/1) level which corresponds to the minimum threshold level and Al levels of .7 and
.3 for various degrees of off-tuning (Af). An examination of these figures show degradation
trends which aid in predicting pulsed interference to AM receivers. The most noticeable
trend is the 20 dB per decade fall-off of the minimum interference threshold, .7 Al and .3Al
curves. This indicates that the interference level for the off-tuned pulsed interference is
determined by the amount of interfering power within the IF passband since the envelope
of the power spectrum for non-chirped rectangular pulses falls off at 20 dB per decade. An
examination of other types of pulse spectrum revealed the same trend. Namely, if the pulse
were a cosine squared pulse with a 60 dB/decade fall-off rate, the degradation curve wou!d
also fall-off at 60 dB/decade.

The slope of the degradation curve shown in Figure 6-31 is more than 20 dB per
decade. The reason for this is that the measurement taken at 1.0 MHz occurs at a null in the
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puise spectrum. This curve shows that when the frequency spacing between pulse spectrum
nulls is greater than the |F bandwidth the degracation measurement will follow the exact
shape of the interfering pulse spectrum rather than the envelope of the puise spectrum. This
also points out that the previous comments about the fall-off refer to the envelope of the
spectrum and not a random occurrence of the nulls and peaks of the spectrum. The figures
also show that the break point for the 20 dB per decade fall-oft is a function of the pulse
width of the interfering signal and the receiver |F bandwidth. if the pulse width of the
interfering signal has a power spectrum with a mainiobe approximately equal to or narrower
than the iF bandwidth, the break point will occur when the off-tuning is approximately one
haif the i F bandwidth. Figures 6-25 through 6-30 (PW 2 200 usec) indicate this trend. When
the mainlobe of the interfering pulse spectrum is much greater than the |F bandwidth, the
break point should theoretically occur when the off-tuning is (1/n1).

In general, it appears that the off-tune pulse problem can be divided into three
categories. These categories are:

1. Mainlobe much narrower than the |F bandwidth
2. Mainlobe approximately equai tu the {F bandwidth
3.  Mainlobe much wider than the |F bandwidth

Figures 6-32 through 6-36 show the AM degradation, input (S/f) versus Af for rfceiver
No. 1, and chirped rectangular pulse interference. The figures show the RF input (S/1) level
which corresponds to the minimum threshold level and Al level of .7 for various degrees of
off-tuning (Af). The dotted lines show the theoretical envelope of the pulse spectrum. The
measured data was not taken at a sufficient number of Af's to accurately define the
minimum threshold and .7 Al levels as a function of Af. Hovyever, the measured data shown
in Figures 6-32 through 6-36 indicates that the RF input (S/I) level, for minimum threshold
level and .7 Al level falls-off at the same rate as the envelope of the power spectrum of the
interfering chirped pulse signal. This was also discussed in the previous section on chirped
versus non-chirped pulses. Simulated off-tune degradation curves were given in Figures 6-14
through 6-17.

DEGRADATION WITH OUTPUT SIGNAL-TO-NOISE RATIO

The output (S/N) characteristics are a function of the particular receiver and the input
desired signal level. The output (S/N) characteristics can affect the performance measured
under similar input signal ievels or input signal-to-noise ratios (for AM receivers having the
same bendwidth characteristics). The output (S/N) characteristics also determine when the
degradation becomes strictly a function of the input (S/l) ratio rather than a function of
interference and noise.
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ESD-TR-70-207 Section 6

The primary indication of different performance degradation levels due to different
receivers or the same receiver with different signal levels is given by the upper performance
limit (UPL). The UPL is the highest performance level obtainable, without interference, for
a given input signal level. This is the level that the performance (measured with interference)
must be compared with to note the relative degradation in performance. The UPL is
governed by the receiver output (S/N) level and is a function of the input desired signal level
and the dynamic range characteristics.

Dynamic range characteristics are graphs of the output voltage level or the output
(S/N) ratio as a function of the input signal level. Typical dynamic range curves showing the
(S/N) or SINAD ratios for receiver No. 1 and No. 2 were given in Section 5, Figure 5-8.
These curves show the audio signal plus noise plus distortion-to-noise plus distortion ratio
(SINAD) as a function of varying input signal levels. Although these curves are similar to the
dynamic range curves specified in MIL-STD-449(reference 10), there is actually considerable
difference in that the MiL-STD-449(reference 10) curves only measure the total voltage and
consequently give no indication of performance. The curves shown in Figure 5-8 indicate a
power ratio which can be related to the performance of the system. The SINAD ratio very
closely approximates the desired signal to noise plus distortion ratio for values greater than
10 dB.

The series of tests performed for this investigation specified that the input signal level
should be adjusted to a level 30 dB above the 6 dB AM sensitivity criteria. This means, from
an examination of Figure 58, that the input signal level for receiver No. 1 was adjusted to
—~79 dBm and No. 2 was adjusted to —72 dBm. This corresponds to output signal-to-noise
plus distortion ratios of 26.5 and 20.0 dB, respectively.

These output ratios are actually less than the theoretical output ratios because of the
nonlinear distortion generated within the receiver. The ideal signal-to-noise curves are also
shown in Figure 5-8 and increase at a 1 to 1 ratio (i.e., a dB ch&nge on the input corresponds
to a dB change on the output). These curves indicate that, ideally, output (S/N) ratio should
have been 37 dB for the input signal level used in this investigation.

The difference between the UPL (S/N) of receiver No. 1 and No. 2 is 6.5 dB. This also
means that, in general, the performance with interference present will be lower for receiver
No. 2 than No. 1 for the input desired signal levels used in this investigation. However, this
type of trend should be more apparent at low interference levels (high Al or threshold
values) than at levels at which the peak interference is much larger than the noise level. At
large negative (S/I) ratios the results should be independent of the S/N ratio. This general
trend is "‘qualitatively’’ indicated by the difference between the same degradation levels for
receiver No. 1 and No. 2 shown in Table 6-4. In this table, the (S/1) ratios for the same Al
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TABLE 64
DIFFERENCE IN INPUT (S/1) FOR RECEIVER
. NO. 1 AND NO. 2
HIGH Al SCORES
Receiver Receiver

Pulse PRF [\lo. 1 r;Jo. 2
; Width (pps) Al (S/1) in dB (s/1) in dB A
i 5 us 300 89 12 0 12
| 100 us 80 88 5 0 5
F 100 us 300 85 7 0 7

200 us 40 89 0 0 0

200 us 80 87 5 0 5

400 us 40 87 3 0 3
: LOW Al SCORES L Avg. = 5.3

100 us 400 79 4 0 4

200 us 400 75 6 10 -4

400 us 80 80 3 9 -6

400 us 400 76 8 10 ~ 12

400 us 400 67 6 0 6

1000 us 40 80 -1 0 -1

1000 us 80 81 4 10 -6

1000 us 80 73 1 0 1

1000 us 400 .76 10 10 0
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score are averaged for ditferent PW, PRF conditions. The results show that the average
difference is —1 dB for the lower Al scores, while the difference is 5 dB for the higher Al
scores. These results are somewhat qualitative since only a hmited amount of data was
available for comparison due to the audio limiter employed in receiver No. 2. This limited
the data that could be used tor comparisun 1o (/1) values higher than the limit level of
approximately -6 dB. -

The degradation from the same receiver can also be different due 10 different output
(S/N) ratios. This type of problem essentially divides into those associated with input signal
levels below the knee of the dynamic range curve and those above the knee and below
saturation. In the first case the performance 1s increasing with increasing outpu: 'S/N) ratio
and is showr 1n Figure 6 37 for receiver No. 2. Input signal levels that are above the knee
result Iin ?pproximately the same (S/N) levels and consequently should result in the same
input (S/1) levels for the same At criterta. Thisis shown in Table 6.5 which summarizes the
input (S/T) ratios obtained with receiver No 1 for the two signal levels at an Al criteria of
5. This shows an average difference of only 11 dB

As previously discussed, the higher performgnce levels are greatly affected by the
output (S/N) ratios. This, in particular, inctudes the threshold levels, averaged over all pulse
widths, that were measured for this test This can best be seen by examining Figure 6-38
which shows how the threshold s o function ot the output signal 10 peak-to-peak
interference and the output (S N! ratio  These measurements essentially show that the
threshold tevel changes by approximately 19 dB when the output (S/N) ratio changes from
10 to 40 dB. The 10 to 40 dB output {S/N} range represents the range over which most
recewvers operate Figure 6:38 will be further discussed in the minimum interference
threshold effects discussion,

In summary, the relationship of pertformance to the output (S/N) ratio has been
discussed. It has been shown that performance is a function of the input (S,’?) ratio only for
high input signal levels. This high level condition 1s represented by output (S/N) ratios above
10dB. For low or sensitivity type input signal levels (i.e., output S/N ratios of
approximately 6 dB) the interference problem becomes a function of both interference and
noise. In this region the interference effects discussed in this report are partially hidden by
the noise. In general, a comparison between the performance levels of two receivers should
not be made without considering the input and the corresponding output (S/N)
characteristics.

BASEBAND POWER RATIOS .

The following is a discussion of the modeling trends obtained from an examination of
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ESD-TR-70-207 Section 6
TABLE 65
AVERAGE DIFFERENCE FOR
THE INPUT SIGNAL-TOPEAK
INTERFERENCE RATIO FOR
TWO SIGNALS
Pulse PRF I\ S=-79dBm S= :40 dBm
Al Width (pps) (kHz) (Sm in dB (S/1) in dB AS
5 100 us 40 0 -20 -21 1
3 -18.5 -18 05
25 —-43 -43 0
100 -58 -60 2
400 0 -7 - 6.0 1
3 - 8 50 3
25 25 -24 1
100 —-41 —-40 1
5 400 us 40 0 -12 -12 0
100 -62 -60 2
400 0 0 0.0 0
100 -37 -36 1
5 1000 us 40 0 —12 -13 1
100 -51 —49 2
400 0 2.5 1.0 1.5
100 -37 -3 1
A Avg. 1.1
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the baseband (audio) output power ratios. An examination of this data 1s important since
baseband measurements are the easiest type of degradation measurement to make. If
baseband power ratios can be simply associated with performance degradation, a number of
future measurements and receiver modeling ssimplifications are feasible

Baseband power ratio measurements (the ratio of two measured power quantities, e.g.,
signal-to-noise ratio) typically include the types shown in Table 6-6. The first three
measurements in the ‘‘Measurement Ratio’’ column include those types typically obtained
with a distortion analyzer. This method s not ideally suited to degradation measures since
the degradation s proportional to the desired 1o undesired signal ratio. 11 s, theretore,
desirable to convert this data to the tormat shown in column two

The last measurement n the first column s essentially the measurement of
signal to-peak output interference This measurement 1s approprate to this particular study
because the interference is pulsed and consequentiy the output performance degradation
may be related to the signal to peak interference The presentation of the data 1s again more
appropriate to degradation analysis in the signal 1o peak interference format rather than the
signal plus peak interference to peak interference format The peak interference could be
measured in terms of a zero to peak or a peak to peak reading. Since the output pulse is not
generally symmetrical (see Section 4 for a discussion of output pulse shapes) due to the
ringing of the various filters in the recewer the peak to peak measurement was used.
Howsever, the zero-to-peak pulse power can be obtained approximately by reducing the
interference peak-to-peak measurement by 3 dB. This corresponds to adding 3 dB 1o the
signal to peak to peak interference ratio e (S/ipp), = (5/1ppl, + 3 dB).

The two types of baseband measurements listed in Table 6 6 consist of RMS (average
power) or neak voltage type measurements Arn examination of Al in terms of the average
output (S/IA) ratio led to no significar:t parameter trends. The output Al curve was,
therefore, plotted for average PW, PRF and off-tuning and s shown in Figure 6-39 along
with the variability (+ 1o hmits) in the measurements This figure also shows the theoretical
VIAS response curve with noise interference (reference 25). An examination of these curves
indicates a close agreement between the pulsed interference and baseband noise measure-
ments. This figure also implies that the Al score for pulse interference is umiquely related to
the pulse input (Sﬁ) ratio.

An examination of Al in terms of thc peak-to-peak output (Sm ratio indicated a
significant PRF degradation trend. This is shown in Figure 6-40 along with the measured
variability (2 10 limits) in which the PW and off-tuning parameters have been averaged. The
BO PRF curve in this figure is 22 dB more negative than the average output power ratio
curve of Figure 6-39. The majority of this difference should be due to the duty cycle
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TABLE 6-6

COMMON OUTPUT BASEBAND POWER MEASURES

Measurement Ratio Degradation Ratio Comments
S+N

1 N (S/N)O Standard idealized output

o

S*N+D S

2 N+D 5 N+D 5 (SINAD)
StN+D+I S

3 N+D+1 /| o N+D+l / SINAD measurement

technique applied to
pulsed interference

S*N+D+I S
(N+D+) . (N+D+1) . Special measurement for
PPJ o PR} o peak type interference
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difference between the peak and average curves. The average duty cycle (on-tune and
off-tune) for the 80 PRF pulsed curve was found to be 15 dB. In addition to this basic
difference a peak-to-peak factor and the shape of the pulse should be taken into
consideration. A further exarnination of this difference can be found in the discussion of
audio threshold effects.

Figures 6-39 and 6-40 indicate that both peak and average output power ratios can be
used for measurements and prediction purposes to simply obtain an estimate of a particular
performance degradation criterion. As a particular example it is only necessary to measure a
—14 dB output (S/1pp) ratio tor a1 on tune and otft-tune pulsed conditions with a PRF of
80 pps to maintain an Al score of 7.

It is also advantageous to be able to convert the output degradation curves that have
been described, or other output degradation functions, to recever input performance
degradation criteria. This can be simply accomplished through the use of a transfer function
that relates the input (S/1) power ratio to the output (S/I) power ratio. This process is
symbolized in Figure 6 41 These transtormations are complex (untractable) functions of
the PW, PRF, detector and the filter characteristics. Both the average output and the peak
output transfer curves were measured for the typical AM system (receiver no. 1} being
considered and are given in Figures 111 107 to |11 161 of Appendix 1. The average transfer
curves were also simulated and are shown compared 1o the measured curves in Figures 6-42,
6-43 and 6-44. These curves again show a close agreement between the simulated and
measured data which was previously discussed tn the stimulation section. Although the
peak-to-peaic curves were not simulated they could have been generated through the
simulation process. The average or peak-to-peak transfer curves can be used with the
appropriate degradation curves to relate the system output to the system input. These
curves, in conjunction with the average Al curves, can be used 1o obtain a solution to the
voice degradation problem. They can aiso he used with other types of output degradation
criteria (1.e., such as the S/N corresponding to a particular error rate for a digital system) to
obtain solutions for digitat and analog systems.

In summary, i1t has been shown that either the peak to-peak or average output power
ratios can be used for measurement or prediction purposes to determine output degradation
criteria for voice systems. A number of power transfer functions that can be used in
degradation calculations for voice, digital or analog systems have also been discussed.
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B0 B el omnrehsuce THRESHOLD DEGRADATION EFFECTS
Introduction

The following is a discussion of the modeling of minimum interference threshold
effects. A minimum interference threshold is the level at which the interference is first
observed. For the audio case this is the level at which the pulsed interference is first heard.
This is an important degradation response 10 obtain since the input (Sﬁ) ratio or the peak
input interference level obtained from this test is a conservative (or safe) criteria. In
particular, the levels recorded for this test are just detectable under optimum listening
conditions and would not necessarily be observed in less ideal situations. if the interference
level can be kept less than the threshold, all pulse degradation problems can be avoided.

At the minimum interference threshold level there is no practical degradation in the
intelligbility of a voice message from pulsed interference. This statement is not generally
applicable to all types of desired and undesired signals.

The following threshold evaluation is divided into a discussion of overall receiver
measurements and a discussion of a set of measurements performed entirely at baseband.

Receiver Threshold Measurements

Tables 111-1 and 111-2 summarize the minimum interference thresholds measured on
receiver No. 1 for chirped and non-chirped, rectangular pulsed interference. Tables (11-3 and
111-4 show the minimum interference thresholds for receiver No. 2 with a chirped and
non-chirped rectangular pulsed interference.

For the range of interfering signal parameters that were measured, Tables I11-1 and
111-3 indicate the following general trends for non-chirped interference:

1. For fixed PW and Af, the required input (S/?) generally becomes more
positive as the PRF is increased.

2. For fixed PRF and Af, the input (S/?) becomes slightly more positive as the
PW is increased.

Tables 111-2 and 111-4 show that trends 1 and 2, listed above, also apply for a constant
chirp rate. Tables 111-2 and 111-4 also show that for the on-tune case (Af = 0) the minimum
interference level, (Sﬁ), becomes more negative as the chirp rate is increased. The reason for
this is that the interfering power within the IF passband decreases as the chirp rate is
increased.

671



ESD-TR-70-207 ‘ Section 6

Figure 6-45 shows input (/1) versus off-tuning for receiver No. 1. The data is plotted
for an average PW (all PW's are averaged except the 5 usec pulses) and individual PRFs. This
figure shows a log PRF trend for minimum interference thresholus. A similar PRF trend was
previously noted for degradation in terms of Al (see the Degradation With Pulse Rate
section).

Audio Threshold Measurements

The objective of this portion of the pulsed investigation was to obtain baseband
degradation criteria that could be used with the simulation program to obtain an overall
voice receiver modeling capability (in terms of thresholds and Al degradation). In order to
obtain this type of information it is necessary to know how the thresholds vary with
baseband power ratios (not receiver input ratios), since this is the normal output of the
simulation model. Therefore, a second set of threshold measurements was made at the
detector output. The measurements were made directly feeding the desired and interfering
signals into the audio filter in order 10 accurately control the audio signal levels. The
baseband signal level could not be accurately controlied when the desired and interfering
signals were fed into the RF input because of the variability due to the measurement
technique and the inherent receiver nonlinearities. The test was run as though an idealized
detector output signal was availabie as the input to a baseband audio filter. The test
procedure is described in Section 5 and is basically summarized in Figure 5-12 which shows
the measurement block dizgram. The basic difference between this test and the previous test
is that idealized rectangular pulses from a pulse generator were used as inputs to the audio
filter. The results of this tes! averaged over three observers and PW’'s from 100 usec to
1,000 usec, are shown in Figure 6-38. This figure shows that the actual audio threshold is a
function of the audio (S/N) and the output svgnal to-peak interference (S/I) or
equivalently, the output peak interference-to-noise (I/N) From these figures the output
signal-to-peak - to-peak interference (S/lpp), in dB required for a minimum audio threshold is
gven by

800
(S/'PP)O = 7+ .62 (S/'N)o - 12 Log PRF (6-6)
It is also true that
(IPP/N)O = (S-"N)o - (S/lpp)o (6-7)

so that the output (Ipp/N)  can be obtained.

This indicated the same resuit that was contained in the overall receiver measurements,
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The audio thweshold model given by Equation (6-6) can be used, with the transfer
function described in the simulation portion of Section 4, 10 obtain an automated threshold
level. This threshold and the Al degradation model bracket the usable range of degradation
from threshold to a loss of intelligibility.

AUDIO LIMITING

The following discusses the effect of an audio noise limiter in the receiver signal
processing circuitry. This circuit is designed to limit peak noise signals that exceed a given
voltage level in the audio circuits. Although the limit level is adjustable (within the receiver
chassis), one level is present for all noise signals. The circuit also clips all interfering signals,
especially pulsed interfering signals, that exceed the limit level. Ideally, the limit level is set
to a point above the average signal level which does not affect the desired information
intelligibility. The test results used 50% modulation for average signal levels with voice peaks
representing approximately 100% modulation. Thus, a clipping level set for a signal-to-peak
interference output ratio of —6 dB resulted in the pulse interference being ii‘r.nited at the
peak voice levels. This result is shown in Figure 646 in which the input (S/1) versus the
output (S/lpp) is shown for receiver No. 2 with the limiter and receivers No. 1 and No. 2
without the limiter. Figures 647 and 648 show the audio output waveform with and
without the limiter. Figure 6-46 shows the knee of the iimiter curve to be above —7 dB for
receiver No. 2. This figure also shows that by removing the limiter the linear range increased
by almost 13 dB. This change is not as large or infinite as theoretically would be expected,
due to AGC saturation effects (see Section 4). This also shows that, although the audio
limiter clipped the pulsed interference and kept the performance degradation to a low level,
the receiver would have saturated at only a 13 dB higher output level.

The performance degradation as measured by Al for receivers No. 2 and No. 1 (with
and without limiting, respectively) is shown in Figure 6-49. This figure shows that the audio
noise limiter decreases the effect of pulsed interference. As a particular example, this figure
shows the receiver with the audio limiter can tolerate a 77 dB higher interference level than
the receiver without the limiter for the same Al score of .6.

The same type of general trend can be found in Appendix |11 by an examination of the
curves of receivers No. 1 and No. 2. This pattern can also be shown on a plot of the Al score
(for the same input S/I ratios) of one receiver versus the other. Figure 6-50 compares the Al
scores for three differennt PW and PRF combinations. This figure again shows that the
receiver with the audio limiter is performing better in terms of Al than the other receiver.

The Al degradation measure is, however, only part of the solution to this problem.
This measure has been primarily used in this report as a tractable measure of a decrease in
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PW = 100 us
PRF = 400
(s/0,, = 25dB
VERTICAL = 20V/em
SWEEP RATE = 5 us/cm

RECEIVER NO. 2

Figure 6 47.  Audio Output with Limiter On

PW : 100 us
PRF 400
S/, = -25 dB 1
VERTICAL = 20V/im '
SWEEP RATE = 5 ms/cm
RECEIVER NO. 2

k ;

Figure 6-48.  Audio Output with Limiter Of¢
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intelligbility. The true picture of what is happening to intelligibility can only be obtained in
terms of Articulation Score (AS).

Figure 6-51 shows the relationship between AS and Al for the two receivers averaged
over the PW and PRF parameters used in this investigation. The curve for receiver No. 1 was
previously discussed in the section on intelligibility.

This figure shows that, in terms of intelligibility, the two receivers are performing in a
similar fashion. The performance of the receiver with the limiter is slightly better at high
intelligibility levels, while the performance of the receiver without the limiter is somewhat
better at lower intelligbility levels.

Ir summary, this section has shown that an audio noise limiter in an AM receiver
improves the low Al scores in terms of the input (Sﬁ) ratios. (It can also be postulated that
an RF or IF limiter with a similar clipping level would improve the performance by a similar
amount.) The intelligbility, measured in terms of AS, was, however, maintained about the
same with and without a limiter

AGC AND AMPLIFIER SATURATION EFFECTS

The foilowing is a discussion of the degradation effect of AGC action and amplifier
saturation that occurs at low PRFs.

Figures 111-13 through 111-46 in Appendix |1l show the AM degradation curves for Al
versus RF input (S/h ratio for receiver No. 1. The AM degradation curves for the
non-chirped rectangular pulse interference at low PRFs (10, 40 and 80 pps) indicate the
receiver becomes saturated at certain input 1S/1) levels. The saturation levels were obtained
from the intersection of straight lines fit to the data. Table 6-7 summarizes the Al scores
and the saturation levels measured for receiver No. 1 with a slow AGC response setting. As
previously reported (see Section 4) using the fast or slow time constant had no effect on the
measurements.

The average saturation level for a 40 pps rate was found 10 be — 18 dB for an Al score
of .41. The receiver becomes saturated because at low PRF rates the interference does not
affect the DC levei of the AGC bias line (see Section 4 for a discussion of AGC action).
SimthAGCMmtmvdtonim‘m lower the overall gain of the receiver,
the large interfering pulse (these cases are all for | >> S) overdrives an amplifier stage and is
clipped or limited. Therefore, the interfering pulse is reduced with no additional degrading
effect of the desired ’\g\d This effect is important primarily in the intelligibility
degradation n,'o;\ (i.e., 1 >S) and not important in the mirimum threshold degradation
region (i.e., S>> |).

670



Section 6

1BMIIBY NV UB S0) x3PU| LOIEINDILIY SMSI3A 8J00G UOURINDILY |GG ainbiy

E3OMi  NOILYINDILaY

$0 L-_.m 0 90 s0 »O £0 2o 10 0 L_
% |
/ ©
- 4 *_‘ 1 -4 b —4 0% ]
3
_ )
——— 3 L + Ik— = -E » E
n 5
-4 [
2 !
c ”
c ]
»
= m {
g 3 |
S 1
™
||||| —_— 4 _4
¥ .M
o — —— m
— 3
1P NI TN =
_/ui-__.._uu!.
0w
BAY + s - — — m
SAY * md
' -m {
SN LI

ESD-TR-70-207




€SO-TR-70-207 Section 6

Saturation beging 1o affect the linear response for Al scores of approximately .3 and a
PRF of 40 or lower. Figure 6-52 and Figure 6-53 compare the .3 Al off-tuned response for a
PW of 200 usec and a PRF of B0 and 40, respectively. The first figure, obuained for an
80 pps rate, shows close agreement between the simulated. output (obtained without an
AGC model) and the measured data. The second tigure, obtzined for a 40 pps rate, shows
considerable difference between the simulated outpu! (without AGC) and the measured
output with AGC.

A comparison of the non-chirped and chirped interference degradation curves shows
the non-chirped pulse has a lower saturation level (U‘m data 1s also summarized in Table 66)
than the chirped pulse for a grven PW, PRF and (S/1},,, level. The reason for this ditference
is the mainiobs of the chirped pulse interfererce spectrum 15 spread proportional to the
chirp rate cauung less interfering power in the I F passband

The saturation levels for two different input signal levels (- 78 dBm and 40 dBm) are
al30 shown in Tabie 67 This shows that saturation level is iIndependent of signal levels and
can be completely described by the nput (S/I.) power ratio This etfect 1s due to the AGC
action which has lowered the gain for the higher input signai level. The AGC 15, however,
1till responding to the puises in the same manner as 1t responded for the lower signal level
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TABLE 67
SATURATION BREAKPOINTS FOR AM
RECEIVER NO. 1

Figure Signal Churp Pulse PRF Lt Bk.Pt.
Number (dBm) {kH2) Width (pps) (hHZ) (d8) Al
414 -79 100 us 40 0 -20 49
415 -79 100 s 80 0 -25 21
418 -79 200 us 40 0 16 49
419 -79 200 u3 80 0 1" 48
421 -719 400 s 10 0 16 82
422 -19 400 .s 40 0 16 .39
423 19 400 .3 80 0 15 21
425 -79 1000 »3 10 0 15 79
426 79 1000 us 40 0 20 .28
427 79 1000 . 80 0 13 .26
Average breakpoint for PRF = 10 155 805
Average breakpoint for PRF = 40 18 412
Average breakpoint for PRF = 80 16 .29
429 -40 100 us 10 0 -33 82
430 -40 100 us 40 0 23 46
432 —-40 400 us 10 0 -17 84
433 -40 400 us 40 0 1 51
435 -40 1000 us 10 0 -16 .79
436 -40 1000 us 40 0 17 .39
Average breakpoint for PRF = 10 -22 .82
Average breakpoint for PRF = 40 -17 .45
441 -79 500 100 us 40 0 —46 41
442 -79 500 80 0
444 -79 500 40 0
445 -79 500 80 0
Average breakpoint for PRF =
Average breakpoint for PRF =




