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ABSTRACT 

This report documents two gsneral imthodf for evaluating the performance degrada- 
tion of amplitude modulated (AM) recetven wbfected to pulted interference. The fint 
method involves a time «weveform receiver simulation model that provides detailed 
theoretical solutions for a range of pulse peremett- i. The second method uses e combination 
of measured date and engineering trends which cover a reasonably complete range of pulse 
perameters. 

The predominant cause of performance degradation to AM receivers is the energy of 
the pulse spectrum within the receivers' bandpass. For rectangular pulses with duty cycles 
less than 8%, the pulsed interference does not appreciably lower trie average voice 
intelligibility in terms of Articulation Score (AS). The performance degradation is, in 
gsneral, proportional to the log of the pulse repetition frequency (PR F) end is independent 
of the pulse width for ontune pulses wider than the inverse of twice the baseband 
bandwidth. 
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AMPLITUDE MODULATION (AM) 
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SECTION 1 

INTRODUCTION 

BACKGROUND 

The Electromagnetic Compatibility Analysis Center (ECAC) is engaged in a continuing 
study of the relationship of various 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 insufficient information was 
available to cover a full range of pulsed interference effects. Therefore, a general 
investigation of the effects 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 

Radar 

11 
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This report, which is the first ,n d series cuncerncty pulsed interference, analyzes the 

performance of amplitude muduljted (AM) receivers The effects uf pulsed interference on 

other receiver types will t«.- icpui led m subsequent dOLuinenis dud o summary ol ttte overall 

analysis results is planned 

OBJECTIVE 

The obiective of this effort was to develop the capability to solve the yeneral problem 

of pulsed interference to AM receivers, In particular, to 

1. Obtdin through measurements and analysis, cuives und/oi relationships that 

describe the performance degradation of AM receivers interfered with by a 

rdnye ut "typscdl" pulsed interference, 

2. Develop a model winch provides detailed simulation ol .in AM receiver to 

evaluate performance degradation in the presence of pulsed interference, and 

which has the cupabihty of accommodating a lull range of pulse parameters, 

APPROACH 

It was originally desired lo model voice modulated AM ds well di diyildl and analog 

modulated AM Since medsurements were not available in sufficient detail fot all types ol 

AM receivers, the study concentrated on the predominant cast;, voice modulated AM, All 

AM receivers involve the same basic functions (only the base-band output signal processing 

differs). Consequently although the output signal processing (,t digital and analog 

modulated systems was not modeled, the solution to these problems can be obtained from 

the baseband output solutions of this investigation. The application to a digital system is 

outlined in Appendix IV 

The program began wiih .i Irtcralun search and a preliminary investigation to 

determine an "hypothesized" degradation mechanism and analysis This was followed by 

the preparation of a test plan and subsequent measurements to mvestigate pulsed 

interference for a general range of pulse widths pulse rates, frequency sweeping (chirping) 

and interference off tuning The output performance degradation was measured in terms of 

the basic voice degradation measurements of articulation score (AS), articulation index (Al), 

minimum interference thresholds and signal to interference ratios. 

The measurement program was divided into two phases in order to expedite solutions 

to the pulsed interference problem   The results of MIL STD 449 (    ) (reference 10) type 

. 
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measurements and simple output degradation measures were obtütned under Phase I. Those 
measurements that required detailed subjective evaluation (i.e., articulation scoring for voice 
systems) were reported in Phase II. 

Two detailed investigations were undertaken. The first consisted of analyzing the basic 
receiver signal processing structure and the Phase I measurements to determine if the 
hypothesized pulsed degradation mechanism was correct The second was to develop a lime 
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 II measurements, d comparison was made between 
the outputs of the simulated receiver and the measured receiver to validate the simulation 
procedure. Engineering models were then constructed from a combination of the measured 
and simulated receiver outputs 

13/1-4 
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SECTION 2 

RESULTS 

OI8CU8S10M 

The rtsults of this analysis have evolved from a combination of two different, but 
simultaneous, 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 III) 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 IP 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 channel (non-spurious) effects of pulsed interference in a receiver 
because band stop filtere, centered at the undesirrd carrier frequency, will not remove in 

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

3. The far off-tune response of receivers whose IF 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 m*y 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. 

5. Rertanguiar pulsed interference, averaged over all pulse widths and pulse 
repetiti;* 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 
pulse repetition frequency (PRF) up to approximately 1,000 PPS. In particular: 

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

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

7. The input signal-to-peak interfering ratio (S/l) 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 2 dB more interference power within the receiver IF 
bandwidth is required for non-chirped pulses than for equivalent (pulse shape, PRF, PW) 

* 
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chirptd pui«M for the tame Al performance level. The degradation effect of chirped pulm it 
primarily a function of the interference power in the IF 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 baseband, either 
the signal ta peak interference power or the signal to-averag* interference power ratios. 

10. The minimum interference threshold level is a function of the input 
signal to-peak interference ratio and the haseband 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 a minimum 
interference threshold level will not benefit through audio limiting. The intelligibility in 
terms of AS was approximately the same with and without limiting. 

2-4 

^       ■    MMB 



ESOTR7a207 Section 3 

SECTION 3 

ANALYSIS BACKGROUND 

GENERAL 

The approach tu the AM receiver degradation investigation was to combine detailed 

measurements and jnalyst-s The analytic portion consisted of a theoretical study, a 

computer receiver simuljliun and an investigation ul the measured and simulated 

degradation trends 

Section 4 contims J discussion of the analytic investigation and an outline ol the 

computer simulation model Section b contains a description ol the measurement 

procedure Section 6 contains the analysis ol the measured and simulated data and the 

subsequent models obtained for pulsed interference to AM receivers 

RECEIVER DESCRIPTION 

In order to consider receiver degradation effects an initial investigation of the "typical 

complete" receiver structure shown in Fi()ure3 1 is required This figure shows RF, IF and 

baseband Signa1 (/rocessmq elements that must be considered ' 

The modeling of strong adjacent channel peak interference levels should include the 

nonlinear receiver effects of cross modulation (or intermodulation), saturation, 

desensifixation and spurious responses These effects are generally difficult to analyze 

because superposition clues not apply 

The measurements that were analyzed dirt 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 model mc; 

to rf»icfib« tt-is qujirtitv ro»    t>* v»"oui 'ocat'O^« wrlthin t»>e rm:m<v*' »** bwif »tiv r1ft,r.«fi ir F tgvirm 3 1 »nd 3 2   Ir 

th«««  *■(>«(•**    th«  >nput  rat'O  O*  Tb«  RF   'or   1FI   «<gn«t TO De»*r   >nttrf«r#ftc« WH« «v^bol'^ftft  Hi  (S'l)Rp       Th« HVSrag« 

oow«^ o* ii iifhal   » «v^bo'^wl hv • ittte«   Th« p««fc oowft» h»» h#*n «v^boi'/sd w*^ Tt>* A «v^boi  Thti fvmbolitrn 

hlM   b«»ri   )j««d   on   th«   variovj«   *'^J'»«   co«T»<r»«ri   *yiTb,n   rb tt   r<lf>Ort   «nrl   wvbffr»   ,1   wm   l)tif>'ri()f ,«»•-  wittl'n   rh#  teirt 

How«v«r   th« mout oow«r 'at-o ?«fm wm u««r1 to •»t»n«'v«(v th»t ftr> «ou'vate^t tc-^ b»t iii«o h»«^ iit«d  That ii, ttte 

phrn»     input  (S/H '«tiO     h»» b»»n uWKl to '«OIK* (S/DnFi 
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Spurious responses can be elimmdted from considerdlion by noting that receiver 

performance degradation trum pulsed interference locau-d exactly at a spunous response 

frequency involves the same mechanism (i.e., the power transfer due tu the nonhneanty) 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 undeistanding of the general 

AM pulsed interference phenomena Consequently, the spurious response area will not be 

further considered m this investigation All that is required tu extend the solutions in this 

report is a knowledge of the spunous response frequencies, the rejection levels, and the 

spunous response selectivity of the particular receiver being investigated This can be 

obtained from spectrum signature data (References 12, 13 and 14) 

The related prublems of saturation and AGC desensiti/ation should be addressed in 

orde' to properly process high power pulsed interference This died will be treated .M 

Section 4 

The reduced receiver structure tu be specifically analyzed m this report is given in 

Figure 3 2 This analysis concentrates un the receiver mechanisms thai determine the 

transformation of both the desired signal <ir>d pulse interference between the IF input and 

the baseband i'lter output It was assumed that saturation will not occur up to some 

specified level, to be determined separately, and that the RF amplifier section has a 

bandwidth si fficiently wide to pass the undesired pulse without modification within the 

imits of the IF bandwidth The analytic investigation involved the analysis of the IF filter, 

second detectoi baseband filter AGC circuitry and the output decision mechanism The 

investigation resulted m 

a. An understanding of the signal processing of the inuividual receiver 

substructures de . IF, detector, baseband filter, decision mechanism) and 

the overall combination of these elements to form the basic receiver 

b. Asymptotic signal to peak interference (S7!) solutions (i.e., solutions valid 

when S » I 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 

33 

^MM^MMWMMUM mm^mmmmm^^mmm 



<. 

ESOTR7a207 
Section 3 

s 

ol 

\ n 
It 

O 

e u. 

o 

-v 
1/1 

* 

8 
o 

rvi O 

< 
11 

c 

^ 

i 

I 

w 

a 

8 

1/3 

3^4 

-■■ ̂ ^^^ — 



_______  / 

ESDTR 70-207 Section 3 

The receiver simuldliun is the heart ut a tjimly uf detailed receiver models that ECAC 

is developing These models au different hum many others in that the time waveform 

(amplitude, phase) characteristics are processed through the receiver structures in a manner 

analogous to the processing of the voltage (or current) in a real receiver. This is a digital 

computer simulation of an analog model ut a complete receiver. This kind of processing is in 

contrast with the power filtering models employed in most analysis techniques. The power 

models are generally adequate only when it has been shown that power is an appropriate 

degradation measure. 

The simulation approach is presently feasible because of the Fast Fourier Transform 

technique (reference 15) which allows efficient transformations between the time and 

frequency domains as required fur the linear and nonlinear receiver signal processing. 

The AM receiver simulation procedure which is a part of this program will be outlined 

in Section 4. A full description of the details of this simulation process will be written in the 

future as a separate report of tfvs series 

Section 6 discusses the modeling of the interference effects, based upon a combination 

of measured and simulated data It is the purpose of that section to develop models that can 

be used to extend the measured performance degradation data to other cases of interest. 

The most accurate results will be obtained by running the receiver simulation model for a 

particular case of interest   However, this solution may not i.    ivaMable to all investigators. 

The overall goals of this program are to investigate pulsed interference to AM, FM, TV, 

FDM, 1ACAN 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 (m some special cases) a 

combination of both. In both sets of modulation types, the output decision mechanisms 

involve only voice, digital or analog modulated signals. The general solution to the latter set 

of problems will be covered in this investigation. 

If PM, SSB or TDM systems are examined in detail, the following minor changes are 

required. The general PM solution requires a determination of the narrowband phase angle. 

Since the FM solution required a derivative of this phase angle (Appendix Id 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 model 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 

35/36 

mmm^^mm 



/ 

ESDTR 70207 Section 4 

SECTION 4 

AM RECEIVER ANALYSIS 

GENERAL 

This section discusses the jnalysis of the AM receiver signal processing elements shown 
in Figures 3 2 and 4 20. This includes the analysis of the IF filter, second detector, baseband 
filter, AGO circuitry, the output decision mechanism (see Appendix IV) and the receiver 
simulation model The purpose of this section is to define the equations used in the 
simulation process and to discuss the mechanisms that are involved in pulsed interference. 

IF FILTER ANALYSIS 

The following analysis primarily considers the transformation uf pulsed signals through 
an effective linear IF filter This topic has been previously investigated in references 16 and 
17. A discussion of the implications of particular examples applicable to this investigation 
follows. 

Since superposition applies and the IF 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 it is 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 IF 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 doubletuned, transformer coupled amplifier is 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. 

4-1 
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The equivalent circuit for a double tuned amplifier is shown in Figure 4 1. The transfer 
function for a critically coupled double-tuned amplifier with equal primary and secondary 
values of Q (reference 18), is given by 

HM 

1   2b2QUi26Q (4-1) 

where 

5 

Q 

B 
3 dB bandwidth of a single stage m rad 

Center frequency of amplifier in rdd 

When the effective IF ir 

uns 

IdDS 

function is given by ncorporates more than one stage of amplif.cat 

where 

"   ^:„Q:„ +|2AnQ  1 

•on the transfer 

(42) 

8r 

B. 

Number of double tuned stages in cascade 

'VET U). 

3 dB bandwidth of the n stages in rad tans 
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In a Ur tu simulate the IF selectivity uf a typical AM receiver, a representative number of 

IF stages must be chosen From a preliminary investigation, it 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 pulsed The difference would not be negligible if 

off tune continuous (CW) interference were being investigated 

The transfer function for three cascaded amplifiers is given by 

HjM 
1 

1   26;Q->,21S(Qt)
J (4 3a) 

where 

1   ISAiQ^ae^QVS^Q^jeA.Q,    j32A;Q^)24^0: (43b) 

-   1 26 x 10 * I, 1 009u;„ 

2^8, 

A plot of this transfer function for B, = 8 kH; is shown in Figure 4 2. 

The input signal, <(t), to the IF filter will consist of a pulse that may contain both 

amplitude and frequency modulation If the IF filter has the impulse response h(t), the 

output signal, g(t), is given by the convolution integral 

g<t) J 
— oo 

x(r)h(t   Tldr (4-4) 

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. If the input 

signal, x(t), has a Fourier transform, X(u;), and the transfer function of the IF filter is H(u;), 

then the output spectrum is given by 

G(w) HM XM (4-5) 
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When the mtefference is modeled as a periodic rectangular pulse with zero rise and fall 
time, the spectrum is given by 

X(wl 
Aw 

Tn=4     »rn/T T T 

where 

The amplitude of the pulse 

Th«? pulse width 

The pulse period 

UJ, The curnt'f frequefKy in radidcis 

n ■ Integer  1,2   3. 

iS ■ Dirdc d».'ltd tunction 

The output spectrum. G(u;), is the product of the filter Uansfet function and the pulse 

spectrum The qener.il shape ol the output spectrum, GIOJ), will be a function of the filter 

characteristic, pulse characteristics and off tuning The inverse Fourier transform of G(u)) 

will then be the output time wa/eform q(t) The time waveform for a nymmetncal spectrum 

will contain amplitude modulation but no phase modulation and is given in Appendix I by 

Equation (I 25) as 

9(0 

where 

2g(Sm COS u.„ t (47) 

gvslt) Lowpass equivalent of g(t) 

The time waveform for an unsymmetncal spectrum will contain both amplitude and phase 
modulation and is given by Equation (I 53) as 

g(t) A(t) cos {0JoX*   00+0,(1)] (4-81 

where 
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A(t) 

0, (t) 

The undesired siyn^i amplitude moduldtion after 

IF fdiefifH) 

The undesired signal earner phase angle 

The undesired signal phase modulatiun atter 

IF filtefif>g 

The  three   basic  cases  of   interest   are  pulses  whose  bandwidth   is  much greater  than, 

approximately equal to, ur much narrower than, the effective bandwidth of the IF filter 

When the pulse bandwidth is much greater than the bandwidth of the IF filter, 

rBiF « 1, the spectrum of the pulve within the IF passband tor the on tune, Al - 0, case is 

approximately flat and has even sym(T>etrv jbout the carrier frequency The Fourier 

transform of the resulting spectrum will approximate the impulse response of the network 

with some ringing on the traihrnj edge The output time waveform will be much longer than 

the input pulse time waveform with the peak amplitude of the output pulse reduced 

approximately by the ratio of the pulse bandwidth to the filter bandwidth Since the 

bandwidth of the poise is much greater than the IF bandwidth, the shape of the spectrum 

within the IF passband as the pulse is off tuned will be approximately the same except near 

the nulls of the input spectrum Therefore, JS the pulse spectrum is off tuned the IF output 

time waveform will remain appro*imately the same as the on tune case with the inband 

power determining the peak level of the output pulse 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 Fourier transform ot an unsymmetncal spectrum will produce both 

amplitude and phase modulation as shown m Equation (4 8) Typical simulated output time 

waveforms (the time waveform simulation proces' is discussed later in this section) for an IF 

bandwidth of 8 kHz and a 5 MSPC pulse for ,'f - 0, 800 kH/and 15 MH7 off tune are shown 

in Figures 4 3. 4 4 and 4 5 The input pulse of width r and unity amplitude is assumed to be 

symmetrical about time t = 0 This is true for all pulses discussed in this section. 

When the poise bandwidth is approximately equal to the IF bandwidth, the spectrum 

of the pulse within the IF passband for the on tune, Af = 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 pulse. As the pulse is off tuned the pulse spectrum out of the IF 

filter will be unsymmetncal. thereby producing both amplitude and phase modulation as 
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thown in Equation (4 8) The Fourier translorm of the output pulse spectrum produces 

time Maweforms that appear to contain a separate response trum the leading and trailing 

edge of the pulse. As the off tuning is 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 time waveform for an IF bandwidth uf 8 kHz and a 200 ^sec 

pulse for tA = 0. 62 5 WHz and 100 kHz are shown in Figuies 4 6 4 7 and 4 8 

.' 

\Mhen the pulse bandwidth is much narrower than the IF filtei bandwidth and Al < 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 tiailmg edges As the pulse is off tuned 

the pulse spectrum out of the filter will be unsymmetncal. thereby producing amplitude and 

phase modulation similar to the case of the 200psec pulse mentioned above The steady 

state of the pulse will again be attenuated by the olf tuned chaiac ten sties of the filter and 

therefore the shape and magnitude of thr output pulses will lie determined by the power 

and shape of the spectrum withm the Mter passband 

A plot of the phase angle for :.\ - 10 kHz shows the phase modulation produced by 

the leading and trailmq edges of the pulse and the 10 kHz beat tone with tespect to the 

tuned frequency durmq the steady state portion of the pulse Thus, during the steady state 

portion, the interference carrier u, ■ u;0 ♦ Aw, is present but is greatly attenuated Typical 

output time waveforms for an IF bandwidth of 8 kHz and a 1 msec pulse for Al ■ 0, 10 kHz 

and 64 kHz are shown m Figures 4 9. 4 10a and 4 11 A plot of the phase angle relative 1o 

the IF center frequency f0 for ,',f - 10 kHz is dlso shown in Figure 4 10h 

In summary, the transformation o' pulsed signals through a linear IF filter have been 

discussed. Particular examples of outputs from a simulated IF were qiven These outputs can 

be conveniently summarized m terms of TB categories as shown in Figure 4 12 IF output 

waveforms in these categories have been discussed in some detail because they are the pulser 

that interfere with the desired styial In particular, these IF output pulses compete with the 

desired signal in the detector (the nent processing element) with the result that the larger 

signal captures the receiver output 

This result is 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 level has been symbolically drawn (the capture level 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 I > S) varies with the TBIF product 

and the off tuning. In general, 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 th« IF will be obuined, «md the deuils will be teft to the simulated 
receiver procewng etements 

OCTECTOR AMALYSIS 

The detector anaiyvs comidert how the irantformed pulse mterfefence, band limited 
Gautsian noun, end the desired stgnaf from the IF filter are simultAneously procesvd by the 
envelope detector The analysts assumes the detector is a linear envelope (mo memory) 
detector which is sensitive only to the SJOM amplitude variations of the input signal 

The disturbance caused by the puiaeO earner will be a function of the relative 
magnitude, frequency separation between the desired and undesired signals, pulse width, 
pulse shape, and pulse repetition frequency of the pariicuiar pulse tram, at well as the 
receiver selectivity and detector charactenttics Considering unly amplitude variation in the 
IF output time waveform, it is shown m Appends II. Equttton (II 11). that the detector 
output can be (jenerally written as 

Vrflt) 

where 

I  lA,(,»M|cos(w|f *)J ♦ Amcos<Mt| ] ?i 

[ Adltmo (t) I5   l' 5 (4 9) 

*(t) 

♦im 

A, 

ui» 

i^t ♦ «8 ♦ o'(t) 

d,(t)     ^x 

Amplitude of the desir«! vgnal at the IF output 

The desired modulation inden after IF filtering 

The frequ«ncy of the desired modulating tone 
in radians 

Aw The frequency difference between the earner of 
the desired and undesired signal in radiant 

The phase shift of the desired information after 
IF filtering 
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e. The phcise thtfefefK* bet¥«)en the destred stnd 

undmred cdrriets atter IF filterntg (phase 

In order to obU>ir> a betttrf urtderstandntg of the degrüddiiun cdu«KJ by thr pulsed 

interference, the equation dev-nbing the deiectof output should bf in d lorm th*t separates 

the pulsed interference cuniponems from the desired signdl cumponents This can be 

accomplished by considering a j'ye mteffefing carnef tu noise fdtiu (so that noise may be 

neglected) and expanding the detector output equation in j series loi A. A, and A, A. 

Neglecting the higher order terms uf the series it is sho*rn in Appendix II, Equations (II 191 

and (II 31), that the detector uutpot signal is of the turni 

For A, > A, 

V1 

A, 
- 1 ► Mt cu» iw^t ♦ i I 

• H^ltl cot («(tl • v» 

Rf P:(t) . n • M:   ?j 

Mighpf OrcJrr Trrrnt 

) 
Drsiu'd Signal 

Inter fcnng Signal 

(4 10a) 

For A, > As 

Vd(t) 

A, 
M, cotto;,t *\i,]      V   Desired Signal 

L       2P(t)     J ^ s / 

Pit) 

Rscos (d(t) * ») 

-     M$ cos I' (u;st * » I t^(t)] 

Highest Order Terms 

Interfering Signal 

(4 10b) 

where 

A, The amplitude of the interfering signal at 

IF output 
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P<i) The dmpiaitde modulation of the pulsed 

inteftef irxj ygna' al the IF ttlter output 

Rs Aj, A, 

R, - A   A^ 

For the case in which A^ > A, the devreO output sigf^l consists oi a DC teim plus the 

modulated voice signal The first urde* mteflef HKJ signal component at the detwloi out|Xil 

is a pulse spectrum cenlared about the oea! frequercy ditteiwit^- (Awl between the desired 

and undesired signal i,<*rrief^ AddUKjnal inteftefif>g signal componertU 'consist ol a pulse 

iguarMJ spectrum centered «ICKAJ! zero tOCl and rugtiei uidet (»ulse teims When the liejt 

frequency difference lAwl is too low ur too hii^i tu be in the «udiu panbend tfie fust ordsi 

interference cornponent is Jttenu<jted by the juditi tiiu-i Therefore when the off tuning 
(Aw) il in the audtu ./ i-,-,f i ' the j>uise\J inlrrterence tausi-s nun»' degiadötuin ttian when 

the interference n on fur* (A^ - Of Tfm effect ü more pronounced foi long pulses (puls«1 

sp«M;trum b^lrH>Wld^^ much "ar?uwtN ttian the trjdK) bendWjtdth) The mosi importflnt 

interfering component when ihe t>eat liwjuerx » it greatet !h .1*. the audio passhan.l is th«1 

polu? iquared term     ■ ■   »•«> jtxjut /rfv 

For the caM n * »ch A • A.^ the mjon .nterii-imq teim is . pulsed term centered 

about zero with wcordery trrrr-s (<>r>t:\ti'xj nf thr (K'iii noie and the modulating frnquencv 

plm and minui the f^at note T^ (Vni"Hl modulated ugnai is also prewnt However, thr« DC 

term proporfmnjl to ftw» (>r^:rrd i.^mpi inre^ Mucfi n pn-vni wheii A. ■ A, 11 missing The 

unnormal i/ed ^igr,»! empJttude n (>ven ^ifyonmafi» hy 

Asqs W,coj(u;.t • . i 
2pm       s 

In the absence of thp sfrcxig mfprfpnrvQ ram^r   tH^ tprir. bif OTIPS apfiroJ'imatply 

(4 111 

A, W, cos (u.st * . I (4 1?) 

Thereforp   the «fronq mterfenrx} carr.pr has rpdix.ed the desired signal approximately by a 

factor of 

2p(tl 
(4 13) 

over the normal signal leve*  This con-^spo^ds to s dB value of 

20 log 
2p(t) 

(4 14) 
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whtch, for a r«pm«nui(i«« v^u« of Rt 2ptt) " Ob equals a 26 dB reduction in the normdl 

Signal l«v«< ami «uentidiiy eliniin^te« the desired vynai during the un-tima of the pulse 

BASEBAND FILTER ANALYSIS 

The uantfofmation of the pulsed detector output sign«!) by the Oosebdnd (audio) tiltei 

and the diffefence in this effect fo/ J nummum «»r>d wide IF bcii>d¥vidth will tie discusswd 

The bMeband (audio) tiite/ ^ «sunned tu tonsist ut a i*vu staye higti dnd low pass Mtei 

which repfev^if typical «HJCIIU tiiiefirvq slopes The hii^i pdi«. fiitt-i tiönslei function ts given 

bv 

H„p(u.) 

(":)'   *& 

(4 lb) 

wN;r« 

u. , 64 ^l 

uiL - Low heourfH . 3 dB cutoff 

The low fWM filfPf trjrufrr functir^ n (|iv<»n f7y 

Mt.p(u;)    - 
1 

i   (- )!  . ,?(;- ) 
(4 16) 

where 

UM 

- M 04 

Hii^i frequpnc» 3 dB cutoff 

These transfer  functions ire  mcorDorated m the receiver simulation model thai will be 

subsequently suririari?ed 

The change in th« characteristics and level of pc'sed interference will be negligible 

between the input and output of these filters for AM Systems wiit*i minimum IF bandwidth« 

(i.e.. systems in which the IF bandwidth equals twice the baseband bandwidth) There may, 
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however, be a significant difference between the optimum IF bandwidth case and one in 

which the IF bandwidth is much greater than the minimum IF bandwidth. 

In the first case the IF bandwidth is appruximately twice the baseband bandwidth and 

consequently the baseband only allows the transfer of the same pulse spectral components 

as the IF. The time waveform characterictics between the input and output of the filter 

should, therefore, be similar. The pulsed IF output signals were previously 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 transformation of the envelope detector. The resulting 

pulses at the output of the baseband filter appear similar to the IF 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 in 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 limits the effective IF input frequency components that 

pass through the overall system tu twice the baseband bandwidth. 

The baseband filter output pulse shape is approximately the same for both cases. 

However, the level may be different due to the difference in IF bandwidth. In particular, for 

the wide IF bandwidth case and a pulse spectrum equal to twice the baseband bandwidth 

the output pulse level remains constant as the pulse is off tuned until one half the IF 

bandwidth is reached. If the same result were compared with the minimum IF bandwidth 

case, the level would have been reduced at a 20 dB per decade rate from one half the 

minimum bandwidth. 

The result, is that for rBiF > 1 the effective interference level begins to decrease (for a 

constant input interference level) at ipproximately 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 
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output. If a lafge mterfenrMj s jnal is introduced into the receiver, the AGC may respond to 

the interfering signal depend ig upon the interfering signal parameters and the AGC time 

constants. The amount of degradation caused by a particuljr mterlenng pulse signal depends 

on the effect the interfering signal has on the DC level of the AGC bias line. The receiver 

simulation model does not include the effects of AGC and it is the purpose of this 

discussion to outline what does happen with pulsed interference jnd the limitations of the 

present model without AGC 

If the interfering pulse signal does not affect the DC level of the AGC bias line, the 

interfering signal can saturate a particular amplifier steige ur stages uf the receiver causing the 

interfering signal pulse umplitude to be clipped When the interfering sigiul pulse amplitude 

is clipped, the (S/l) power rati at the IF output is limited. Therefore, the amount oi 

degradation caused by the interference is limited Measured data plotted in Figures 4 14 and 

4 15 shows what haapens when the DC level uf the AGC bias line is not affected by the 

interfering sif>ial   Figur   4 14 shows AGC voltjge level and IF output power ratios, (S/T),( 
A 

versus RF input power rjtKj, (SI),, i *^r an interfering signal with .j 400 p sec pulse width 

and a PRF of 10.* The figure indicates thdt the receiver becomes saturated at (S'l)^ f equal 

to IB dB The (S/l), F level decreases by only 2 dB as the (S/I)R , I level is decreased from 

18 dB ID 63 dB, The curves alsc show that the AGC voltage level is relatively unaffected 

until the (S/l) level at the RF input reaches 63 dB As the 'S/I)M, power ratio is 

decreased below 63 dB the AGC voltage level changes rapidly, causing the (S'l),, ^ power 

ratio to decrease rapidly. Figure 4 15 shows degradation in terms of Articulation Index (Al) 

as a function of the RF input power ratio, (S Dp, , for the same interfering signal. The 

curve shows that for (S. 1)^ values between 18 dB an j 63 dB the degradation levels 

off, indicating that the receiver is saturated For (S/Dm , values more negative than 

- 63 dB, the AGC voltage level was affected causing the degradation to increase Since the 

present receiver simulation model does not consider receiver saturation effects, the 

simulation model would show the degradation increasing instead of leveling off as the 

(S/MRF, ratio is decreased between 18 dB and 63 dB. Therefore, the present receiver 

simulation model will give a pessimists Al level when the receiver becomes saturated. 

if the DC level of the AGC bias line is controlled by the interfering signal level, the 

receiver gain will decrease causing the desired signal level to decrease as the interfering signal 

level increases. This causes the receiver to become desensitized to the desired signal and also 
A A " 

allows more negative (S/l),Fo power levels. Therefore, the receiver degradation is greater if 

the interfering signal affects the AGC Measured data are plotted in Figures 4 16 and 4 17 to 

A * A 
• IS/II   rnA»ni  D«»k      cjMirwd «tgnul ro p^ak   in»*rf*»ring vgnsl     (S/l)   mftun*   RMS  r|p«>fpri  stgnnl Top*»«*'   intpHpfing tipniil 

4 26 



ESDTR7a207 Section 4 

v> 

I 

5 
< 
c 
fa 

01 
o 
C 

c 

I 
a 

0) > 
01 

U 
O 
< 
■o 
c 
(^ 
OJ 

U 

c 

o 

(SjnOA) 30V 

427 

  



ESOTR7(>207 Section 4 

I 
8 
cr 

< 

o 

0) 

B 

c 
■D I 

3 
U 

t 
< 

If) 

4 
e 
g. 

8 # 
XJONI   NOliVinoiiKV 

8 

4 28 



!    / 

ESDTR7O207 
(S/1) 

Ifr 
m M Section 4 

i 
8 

i 
8 

• ? 

*     ■• ♦ *■ o 

8 

« 
z 

8 

c 

I 
0; •- 

I 
3 

Q. 

a: 

a a 
< 

c 
t; 

a 

U 

c 

O 
Q. 

(0 

| 
it. 

(SnOA)  D9f 

429 

 «I I     .-Tl —II     , 
■  



,.. 
/ 

ESOTR7a207 Section 6 

-j 
o 
> 

«> 

0.90 

0 00 
-40 

(S/I)RF    IN  dB 

Figure 4-17.    AGC Effects for Pulsed Interference to an AM Receiver 

4 30 

—    ""-■ — , , ...  - ■--■■   —    ■ ■ —^  



/ 

ESDTR7a207 Section 4 

show what happens when the DC level of the AGC bids line is dtfected by the interfering 

signal. Figure 4 16 shows the AGC voltage level and IF output power ratio, (S !),, , versus 

RF input power ratio, (S/I)R F ,- 1°' <*n interfering signal with a 400psei pulse width and « 

PRF of 750. The figure indicates that the interfering signal affects the DC level of the AGC 

bias line, allowing the (S/l)lF level to become more negative as the (S l)H, i level is 

decreased. Therefore, the receiver does not become saturated If the interfering signal aoes 

not cause receiver saturation, the present receiver simulation model will give an accurate 

degradation level in terms of Al as a function of the (S/l)„ ^ l level 

Figure 4 17 shows peak interference voltage (V,) and peak desired voltage (VJ at the 

IF output versus RF input power ratio. (S/l)Rf (. for an interfering signal with a ^00/isec 

polsewidth and a PRF of 750 pps The desired signal voltage decreases linearly for 

approximately 20 dB and levels oM as the (S/I)«f , is made more negative The desired 

signal voltage levels off as it approaches the receiver noise level The figure also shows the 

peak interfering voltage increasing from 37 to 5 volts (approximately 23 dB) as the 

(S/D* f, level is made more negative 

Measurements were also made tu show how the AGC voltage level is a function of the 

pulse width and PRF of the interfering signal Figure 4 18 shows AGC voltage level versus 

PRF for pulse widths of 250 and 400/isec The (S/I)w, , level was held constant at 10 dB 

There is very little difference in the AGC voltage level for 'he two pulse widths. Figure 4 19 

shows AGC voltage level versus PRF for various (S/I|RF , levels The pulse width is held 

constant at 400^sec At low PRF's the AGC voltage level is relatively unaffected as the 

(S/I)RF|   level is made more negative   Therefore, at low PRF's the receiver will become 
A 

saturated. At high PRF's there is a larger change in the AGC voltage level as the (S/l)Rr , 

level is made more negative. Therefore, for this condition, the receiver will not become 

saturated. 

It is 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/I)p r, level and the characteristics of 

the AGC circuit. These conclusions are based upon the measurements made on receiver 

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 averagi» 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 investigati^ii 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 
complexity of the computer program. The resultant signal is then multiplied by the IF filter 
function to produce an output spectrum, V|»N (u;). 

The inverse Fast Fourier Transform of V|+N (tj) is then performed. The resulting time 
waveform is given by Equation (I 53), APPENDIX I, as: 

'l+N (t)      = A(t)cos [cjot+0o+0,(01 (417) 

V| + N (t) may contain both amplitude and phase modulation. 

The desired signal, being amplitude modulated by a single tone, is easily converted 
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. 
The inverse Fourier transform of \/S(OJ) is then performed and the resulting output time 
waveform is given by Equation (ll-3d), APPENDIX II, as 

Vs(t) As [1+Mccos(ujet + i//)l cos w-t (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) VJt) + V1+N(t) (4 19a) 

[As(1+Mscos(cJst+^)) + A(t)cos0(t)J coscJ0t 

- A(t) sin 0(0 sin u;0t (4 19b) 

This combined signal is then processed by the envelope detector to produce the output 
time signal given by Equation (1111) in APPENDIX II as: 

Vd(t) UAs(l+Mscos(u;st+C')) + A(t)cos0(t)]2+[A(t)sin0(t)]J>      (4-20) 

Again using the Fast Fourier Transform technique, the spectrum of the detector output, 
Vjjlt), 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 fo 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 ^sec rectangular pulse with a pulse repetition 
frequency of 40pps. 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/l) of -15 dB. The interfering pulse in Figure 4-22a is a 
400/isec rectangular pulse with a pulse repetition frequency of 80pps. 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. 
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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 4-226, 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/l)0, and the input signal-to inter- 
ference power ratio, (Sn)„ F , define the power transfer function between the receiver input 

and baseband output. This enables the intelligibility function, 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 l\/-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 model were compared with the measured data. The 
results of these comparisons are depicted in Figures 4 23 through 4 36. 

Figures 423 through 4-29 and 4 30 through 4 33 show the AM degradation curves, Al 
versus (S/DRF,, 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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The largnt discrepancies occur for low PRF's, less than 80 pps, and an input (S/l) ratio 
in the receiver passband ot -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 nonlineanty 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 4-34 through 4 36. The curves are plots of the input (S/l) ratio versus off tuning 
(Af) for constant Al values of 1 and 3 The computed and measured data again compare 
quite favorably. 

The general conclusion that can be drawn from the dbove comparison is that, within 
the linear operating region of the receiver, the Computer model calculates the performance 
of an AM voice system subiected 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 domain, providing the storage 
capacity of the computer is 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 -100 dB. For ali but a few special cosite type 
problems, this is not a limitation as the complete range required for interference analysis has 
been covered. For those cases in which a higher interference level is desired, tables of burn 
out levels should be considered and not degradation criteria. 
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AM degradation measurements fur chirped and non chirped rectangular pulsed 

interference of various pulse widths PRF's and off tot. ng (Af) were obtained. Articulatiun 

Index (Al) and Articulation Score (AS) were used as the primary receiver output 

degradation measures The Al was obtained using the Voice Interference Analysis 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 tesull of this 

test, expressed as the percentage of words heard cortcctly, is referred to as the Articulation 

Score. The word groups used in the tests were the Harvaid phonetically balanced (PB) words 

as recommended by the American Standards Association for Articulation testing (refe 

rence 19) The master PB wo^d tapes used JS modulation sources in the tests were prepared 

by Bell Aerosystems Company and arc used at their system scoring facility in Tucson, 

Arizona (reference 20) 

The minimum interference threshold (i.e., the level at which interference is first heard), 

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

longer be detected), and various Al and AS levels between these thresholds were obtained as 

a function of the followmr) 

A 
I,      RF input signal to peak interference power ratio, (S/I)n r 

0-T 

ESOTR7a207 Section 5 

SECTION 5 

DESCRIPTION OF MEASUREMENTS 

GENERAL 

A number of closed system degradation  tests were made  in order  to acquire the 

performance degradation datj necessary for the AM receiver analysis investigation. 

2, Audio output   RMS signal to RMS noise plus distortion plus interference 

power ratio, [S/(N+D+I)]0, 

3. Audio   output    RMS   signal to noise   plus   distortion   plus   interference 

peak to peak power ratio, [S/(N+D+l)D_pl 0 

A 

The (S/DRF, values were calculated from the RMS power level of the desired signal 

and the RMS peak power level of the interfering pulse 

5 1 
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In addition to the degradation data, MILSTD449 ( ) (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 STD449 ( ) (reference 10) measurements alung with the Al scores were 
reported as Phase I measurements. The AS scoring and additional data were reported as 
Phase II 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 Ml and M 2. Figures 5-1 and 5 2 show the block diagrams of these two receivers. The 
main difference between the two test receivers is the IF bandwidth. The No. 1 receiver has 
an IF bandwidth of 8 kHz 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 of 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 off A plot of the RF, IF and audio selectivity for the No 1 receiver 
obtained from the Phase I measurements is shown in Figures 5 3, 5 4 and b-5, respectively. 
A plot of the RF and IF selectivity for the No. 2 receiver is shown in Figures 5-6 and 5 7, 
respectively. The dynamic range curves for both receivers are shown in Figure 5-8. 

These measurements were obtained in order to model the functions required in the 
simulation Tiodel. Sections 4 and 6 discuss the overall effect 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.i of the pulsed signals to ensure the residual 
carrier was attenuated by 60 dB or more. This w-^s necessary since (S/I)n F ^ 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. 
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Tables 5-1 and 5-2 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. 

3. 

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.) 

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.) 

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 51 and 5 2. 

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

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 observers. This was defined as the minimum 
interference threshold. The (S/I)RF| 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 siyial was then reduced in increments until the desired signal 
modulation was just perceptible to either of the listeners. This was the 
maximum interference threshold. The (S/t)n F, level was again measured and 
recorded. 
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TABLE 5 1 

INTERFERENCE MEASUREMENT CONDITIONS 
FOR AM RADIO RECEIVER NO. 1 

PulM Width PulM» R«p«tiTion ^t   uni«ff«r«nc« t«rri«r tritquvncv minut trani>mitt«f trpquancy) 

(Ma) Fr«qu«ncv (p/tJ 

Ooirtid b.y>ai Lav« I   30  <JB   > Swititivitv 

1 300  1 000 0 k H<   4 5 MH< 

5 300   1 000 0 kM.v 3 kM/. ?5 kM/,  100 kH», 500 kM/     1  MHl 

10 300   1 000 OkHi   lOOkM/    750kH< 

100 40  80   160  400 0 kM/   3 kM/    15 kM/    2S kM/    38 5 kM/    100 kM/   500 kM/ 

too 300 0 k Hi 

200 40, 80  400 0 k M/   J k M/   26 k M/    100 1 M/   'JOG kM/ 

250 10 40  80   160 
500   1 000   1 600 OkM/   6kM/    14 k M/    30 kM/   60 kM/ 

400 10  40  80  400 0 k M/, 3 kM/. 26 kM/    100 k M/   500 k M/.  1  MM/   10 MM/ 

500 40   60   80   160 OkM/    3 75 kM/    30 kM/ 

1 000 10   40   80  400 OkM;   3 k Mr   6 k M/. 25 kHz    100 k M/. 600 k Hi 

•<■ & D« r«d   S'Qial   L»v»l      40  dB"' 

100 10   40   400 0kM/3kM».  lOOkM/    1  MM/ 

400 10  40  400 0 k M/   3 k M/    100 kM/    1  MM? 

1.000 10  40 400 0 kM/, 3 kM/    100 * M,    1 MM/ 

0»«"»d SiSf»! L i»v«l   30rtB   >   S*n»itivitv 

R»ct»n(|ul»' Pu Hot with   Ft»Qu»ncy   Modi;l»tion   (Oifp) 

100 40  80  400 OkH/. 3kM/   lOOkM/    1  MM/   (Chirp 0 5 MH/I 

300 40  80  400 OkM/. 3 kM/,  100 kM/    1  MM?   (Chirp 0.5 MM») 

400 10  40 80 0 kHz. 3 kM/   100 kM/. 1  MM/   (Chirp 260 kHz) 

5 16 
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TABLE 5 2 

INTERFERENCE MEASUREMENT CONDITIONS 
FOR AM RADIO RECEIVER NO. 2 

AilMMMth Put»» Rapatition A»   dowrlafanca carriat traquancy minu» 

(tft) Fr«(u«ncv (p(Ml irantfnittar traquancy) 

OMirad Signal (.•••'   30  OB  >   Santiliviiy 

9 300. 1 000 OkHf. 100 kHt. 760 kHi. 1 MM;   10 MH<, 30 MM» 

100 40 80. 400 Ok Mi   100 kM/   1 MHt. IOMHI  70MHI 

100 300 OkHl 

200 40. 80 400 OkMj    lOOkkll   1 MM/    IOMHi. 20 MHl 

400 10 40. SO. 4O0 0 kMi   3 kHz. Ui km   100 kHf. 1 MHt. 10 MHt. 30 MHt 

1.000 10  40  80  400 0 k Mi   3 kHt. 1 MHt. 10 MHt. 30 MHt 

High Otvrmi Signal Laval      X rtHrr 

100 10  40  400 0 k Mt.  1  MHt   10 MHt. 30 MHt 

400 10 40 400 0 k Ht. 1  MHt   10 MHt   30 MHt 

1.000 10 40 400 Ok Mt. 1 MHt. 10 MHt, 30 MHt 

Dai«ad Signal Laval 30 dB  > San»i«i»it¥ 

Aactangular Pultai with Fraquancv   Modulation    (Chirp) 

100 40. 80  400 0 kHt.  1  MHt. 10 MHt. 20 MHt   (Chirp       1MHtl 

200 40: 80 400 OkHt   lOOkHt,   10 MHt. 30 MHt (Chirp      1 MHll 

400 10. 40 80 OkHt   100 kHt, 10 MHt. 30 MHt    (Chirp 360 kHt) 
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7. Articulation score (AS) rr:ordings at the minimum and maximum interfer
ence threshold and at (S/1),. F 

1 
leve4s between the thresholds were obt•ined 

for later scoring at the System Scoring Facility. 

a The transmitter was then modulated with the standard VIAS test signal 
(950 Hz tone). At the S ~ r levels determined for the minimum and 
maximum degradation thresholds and the region between the two thresholds 

A 

the (S/1),. F 
1 

and the following audio data were recorded : AI. Sp- p, S,. ._ . 

(N+O-+I)P - P· (S+N+O+I)P - P and (S+N+O+I)Ru . 

9. StepS 5 throu~ 8 were repeated for all test conditions in Tables 5· 1 and 5·2 

where the destred sic.Jlal was set at 30 dB > sensitivity . 

10. The tr nsmitter was modul ted with phon tically balanced (PB) words. nd 
the attenuators were then adJUSted for the high desired signal lev I. This was 
the hi~t Slc.Jlal level compat ible wit~ th output test quipment power 

A 

capability that would permit (S/ 1 )" , f t I ast 0 dB . 

11 . The tr nsm1tt r was th 
a clear ch nn I UPL AI w 

modu lated with t 
bt ned . 

st ndard VIAS test signal , and 

12. Steps 5 through 8 wer r at for II measuf' m nt c nditi ns list d under 
"Hi~ Oestred Slc.Jlal lev 1". m T abl 5· 1 and 5·2. 

13. The desired Slc.Jlal lev I was reset to 30 dB gr ater than r iv r nsitivity . 

14. The interference SOUf\C measurement configuration was t up a shown in 
Fi~re ~ 12. and the interfer ing gener tOf was set t provide th "Rectan· 
~lar Pulses wHh Frequency Modu lati n (Ch irp) " as shown in Tables 5· 1 and 
~2. 

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

The measured data are documented in Appendix Il l. A summory listing of the location 
in Appendix I I I of the various measured data is contai;'led in Table 6-1 . 

AUDIO THRESHOLD TEST 

This is a description of an audio threshold test that was performed in addition to the 

5-18 



• 

ESOTR7a207 Section 5 

overall receiver minimum threshold test previously described. This test was run using the 
average responses of three subjects trained to respond to 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 to obtain the minimum audio 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. 

TABLE 5 3 

AUDIO THRESHOLD TEST PARAMETERS 

PW 200. 400. 800, 1000 Msec 

PRF 40. 80, 400, 800 PP« 

S/N LEVELS 5, 10, 15, 20, 30, 40 dB 

5-19 
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Fi»jre 5-13.     Threshold Measurement Block D lagram 
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SECTION 6 

MODELING OF PULSED INTERFERENCE EFFECTS 

INTRODUCTION 

This section diicusae« the modeling of pulsed interference effects or trends. These 
results are based upon a combination of measured and simulated data. The measured data 
(Section 5 contains a description of the measurement procedure) are documented in 
Appendix III as the data base fur this and possibly other AM pulsed interference 
investigations. The data are presented in Appendix III as a series uf graphs The simulated 
data are discussed m Section 4 

The data presented in Appendix III show the reldtionship of 

1. Articulation Score (AS) versus the receiver input signal to peak interference 

ratioUS/lUr,! 

2. Articulation Index (AD versus the receiver input signal to peak interference 
ratio 

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

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

Table  6-1   lists  a  summary   of   the  page  numbers  of  these   figures according   to their 
interference parameters 

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

1. Voice Intelligibility 
2. Degradation with Pulse Rate 
3. Degradation with Pulse Width 
4. Degradation with Chirped and Non Chirped Pulses 
5. Deyadation with Off Tuning 
6. Degradation with Output Signal to-Noise Ratio 
7. Baseband Power Ratios 

&1 
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TABU 6-1 
BASIC AM PULSED PERFORMANCE DEGRADATION DATA SUMMARY 

Typ« of BMW 

Oau PfManution 

i-V'-mm Dmtiiettvn Racta«« 
Nu"*«! 8a«« Numb«) 9* U*I PUT ag»niw»i SWftmT    ■ 

*•«■«/•'„ 1 300 83 Ill 1 III 6 

1 1000 «3 HI 2 III 7 

*•«•, (•/?) BF »0 MO -•3 III 3 III 8 

A*««. (S/t) 
1 

10 1000 83 1114 Hi 8 

1 

100 40 83 Hl b III 10 

A« wt. I9/I»_, 
I 

100 BO 83 m-c in 11 

1 
100 IM) 83 III  7 Hi  12 

* 
Ai .«. (l/ll_, 

1 
I0O JOO 83 nid III 13 

A»»». Ii/ll_, 
•        1 

IM 10 «9 HI V IM   14 

A»«», (»/"p, 
| 

fM 40 83 III 10 ill 16 

* 

1 

2M ■0 «3 mn HI   16 

l 
i<M IM HI HI   17 ill 17 

• 
A.»«. (S/D., 

1 
i*0 5O0 ■ 1 Hi  13 Hi  18 

At.l. I»/U_. 
"   l 

MO 1000 8.1 III  14 III  '18 
* 

Al »», (S/ll__ J50 t»00 83 III  Ifi III 20 

A.V..(S.;.ä 500 40 «3 III   18 ill 21 

A« vi, (S/l>_, 500 60 93 HI  17 HI 22 
4 

Atv«, IS/II 
1 

500 90 «3 III 18 III 73 

Atv«. (8/1) 

.        1 

SOO tM 8,3 III 19 HI 24 

Atv». (S/ll_. 
1 

10OO «0 83 III 20 HI 26 
a 

Atvt. IS/I)_, 
.          1 

1000 90 93 111-21 HI 76 

A.vt. (S/P. 1000 i«0 83 III 22 HI 77 
« 

At v«. IS/I)_. looon 40 83 III 23 Hl 7B 
• 

Atv«. 'S/I)HF 10000 90 83 HI 24 HI 28 

Atv«. is/n 5 300 7? HI 25 Hi 30 

Atv«. (S/!)_r 

.        1 
s 1000 11 3 HI 28 Hi 31 

Atv«. (9/1 )„_ 100 40 72 2 III 77 III 37 
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TABLEft'1(ShMt2of6) 

|    Tvp*a«a«w 
1 Omim Pr«Hntatton 

Pwamau 1 OMcnpoe« Mac«*« 

Numbw 

f Ifur« 

MuntlMi •*••• Numb« 

1  A....(«/t)Bf «00 m - 72 ill >• III 33 

1                      * 
1  A*«*. l*/)lnF 100 MO - 12 III 2« III 34 

•.«.»»„ 100 400 'J III 30 III 36 

1                    * 
1 A* w, IS/)),,^ Mm 40 12 111-31 III 36 

1   A*«. l»/'l„f 200 »0 12 III 32 11137 

1                                                * 
1   A*.«. It/'»,., 200 4O0 12 in 33 III 31 

1                        * 
1   A* vl. IS/'INF «00 10 12 I'l 34 III 39 

A.«. (•/.!„, 400 40 12 in n III 40 

1                                         ^ 
1   At *t. <S/I)    ^ 400 M 12 III  36 III 41 

1                      * 
1   At««. <S/,'W^ 400 400 12 III 37 1147 

f                      * 
1   A« v«. tS/l)^^ 1000 10 73 ill M III 43 

At v«. IS/I)^^ I0OO 40 13 ill M III 44 

At v«. *S/,*-F looo • 0 72 1 M 40 i<>l-46 

A.M.lt/l)H, 1000 4O0 13 111-41 III-4C 

100 HO 1 0 77 111 47 III 47 

i                • 
At««. «S/ilp,^ 100 400 1 0 13 111-43 III 46 

1                    * 
At«. IS/I1BF 200 40 1 0 13 III 44 III 49 

*""   ;S/,IRF 
200 M 1 0 13 111-45 III 60 

i                      * 
200 «oo 1 0 77 111-46 III 61 

!                  t       ' 

At»». IV'-^ 400 10 0 25 77 111-47 III 62 

1                      * 
A«««. IS/I)BF 400 40 025 77 111-4« III 63 

A.M.(S/II„| 400 •0 0 75 77 n 149 III 64 

Al w IM» 5 300 79 HI 60 III 66 

Al »«. IS/II^^ 5 1000 19 HI 61 HI 66 

Al «.»/»„ 100 40 79 III 57 III 67 

1                    • 
Ai »t, (S/nR 100 80 79 Ml 63 HIM 

* 
Al v«. is npf. 100 300 79 III 64 III»« 

Al«. .9/'),,^ 100 400       1 

J 

- 79 111-66 HI-OO 

6^3 
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TABLE 6^1 (ShMC 3 of 6) 

TiP0ol IMK '•ramMW Owtnoiw« Racai««« 
Humttmi 

Fifur« 
NumtMi ftU» Numbar IUWJ CMrp (UHl) SlAOm) 

A* »* lt/0 ,,,, MO 40 -T» ni-b« HI 61 
4 

A» *•. W>>mf 200 ao -TO n: 61' ill«? 

4               1 
200 400 -7» in-M 11169 

Atvt. WI>Hf 400 10 -n n i-u 111-04 

A»*. «»/•Ij,^ 400 40 y» 11140 HHib 

**.m>m0 400 W y» IM41 111-66 

A»»«. 'S/I)WF «00 400 y« 111 t>. III 67 

A....(S/;)(,F 1000 to T» MI-03 in 66 

At VA (S/"__ 1000 40 t9 111-64 111 6« 

A.-..(»/;^^ 1000 M Tft 111 tit III  70 

••«•«/i»^ 1000 4O0 T9 II1 oc III  71 

A« »•. I*/')-. 100 to 40 ill «7 III  73                j 

Al«*. 'S/1»,,, too 40 4C Ill-M III 73 

A,"-,s/;,^i 
100 400 40 ill «V III  74 

At vi. IS/l»^^ 400 to 40 III 70 III 76 
• 

Al v«. (S/l)^^ 400 40 40 III  71 ill 78 

At»t. IS/II« 400 400 40 III  7? HI   77 
• 

1000 to 40 Ill 73 III  7^ 

1000 40 40 Ml 74 ill 79 

1000 400 40 III 76 Mi 80 

A.«.(S/nRFr '00 40 5 79 IM 76 III HI 

too 80 5 79 III 77 '11 82 

A.v^S/M^ too 400 5 79 III 7B in 83 

Ai»». (S/l)Rr 200 40 5 79 III 79 III 84 

A«**. 'S/D^^ 200 M 5 -79 Ml-80 Ml 86 

A.„.(S/;. 200 400 5 -79 Ml-Ol III 86 

A»»«. 'S/I»RF 400 10 025 -79 111-82 HI 87 

At««. W»mp 400 40 0.25 -79 111-83 111-88 

A.«*(8/MB,( 4O0 SO 025 -79 III 84 111-89 

/ 
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TABLE 6-1 (ShMt4of6l 

aw Pmmmim 
*mm*mm  Omumtkt- 

NumlMr 
Fifur« 

Nun*« rafiNumtMi K.U P*F Owp (MHi) S (Mm) 

At.». itj\imf » MO -72 IM«6 HIM 

A«.t '«/'»„^ • 1000 -72 lll-M 111-91 

A..». (»A)mf 100 40 -72 11147 lll-M 

« 
A» <». ta/o^^ 100 •0 -72 III«« III »3 

• 
A«»». •>/))NF 100 MX) 72 lll-M III 94 

« 
At »•. IS/I)^^ 100 400 72 11180 IHM 

• 
At A. t*''l>Hf. 200 40 72 11191 III 96 

• 
At««. I*/!^, 200 M 72 III«? III 97 

• 
Ac««. l*"'^f 200 400 72 111-83 IM 99 

At«». <9/)lMp 400 10 72 '11-94 III 99 

• 
At««. I'-11,,, 400 40 73 11196 III 100 

At»«. H/%F 400 •0 72 IM-M HI 101 

• 
At««. It/O,,, 400 400 72 111-97 in 10? 

• 
At««. I»/",,, 1000 40 72 lll-M Ml 103 

• 
A« ««. It/I>|>a »000 •0 '2 in«» III  104 

*       1 

At««. IS/I»^^ toco 400 73 III 100 III 106 

A.«^(S/*.R, 100 40 3« HI 101 III 106 

100 400 M III 102 ill 107 

At««. 19/11^ 400 40 3ft III 103 III 108 

•       ' 
A,«,, is/n,,^ 400 400 sr ill 104 HI 109 

At««. (»/"„^ 1000 40 -3€ HI 106 ill 110 

i 

A«««. W>mf 1000 400 3« III 106 ill 111 

(9/')nr vsr  s    -| 5 WO -79 III 107 III 11? 
"'i      N.6*^B 

•• s loon -79 III 106 Ill 113 

»• 100 40 -79 III 109 III 114 

•• 100 M -79 in no III IIS 

" 100 300 -79 HI in in iie 

»• 100 400 -79 MM 13 III 117 
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TABLE6-1(Shwt5of6) 

Typ*«<|Mlc Par «mat« Omet&tion Racwvar 
Nun*« 

Fifur* 
Numb« ffNumbm 'K.U) dUrpfUH.I S WBo.) 

(•/:W(v. '       8 
200 40 -78 III 113 III 118 

L         «»Bo 
■• 200 80 -78 III 114 Mint 

•• 200 400 -78 III lib III 130 

•• 1000 10 -78 III 116 ill 131 

•* 1000 40 -78 111-117 III 132 

•• 1000 80 78 IM-118 III 133 

" 10O') 400 -78 HI 118 Ml 134 

■• 100 40 .6 79 III 120 Ml 136 

■• 100 80 b 79 III 121 III 126 

•• 100 400 S 79 III 122 Ml 127 

■• 200 40 B 79 III 123 III 128 

•■ 200 SO & 79 III 124 III 129 

•• 200 400 .6 79 III 126 III 130 

•• 400 10 025 79 II! 126 Ml 131 

■■ 400 40 0.26 79 III 127 Ml 132 

•• 400 80 025 79 Ml 128 III 133 

•• too 10 40 III 129 Ml 134 

... 
100 40 40 111-130 Ml 136 

100 400 40 III 131 III 136 

- «00 10 -40 III 132 III 137 

- 400 40 -40 III 133 Ml 138 

•■ 400 400 -40 IM-134 Ml 139 

■• 1000 10 -40 III-13B III 140 

•• 1000 40 -40 III 136 Ml 141 

- 1000 400 -40 III 137 III 142 

(9/")p,F|V8(S/l)0 5 300 -79 III 138 liM«3 

•• 5 1000 -79 III 138 111-144 

»» 100 40 -79 III 140 III 148 

" 100 80 -7» ML141            | III 146 

64 
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TABLEt-1(8hMt«of 9 
Typ«o*t«Mc 

CIM* fraMMMM« 
PwamHtar Oatcrlptio« 

Nun*» 

Fi9ur» 

Nun*« Pat*Nun**r *»U) "FW?  -»Up JUH.J l(dlm) 

1« M -T» III 142 111-147 

•• 
100 400 -70 111-143 111-140 

" 200 40 -TO 111-144 III 149 

" 200 M -n III 146 III 160 

" 200 400 -79 III 146 III 161 

•« 400 10 -T» 111-147 III 162 

" 400 40 -n III 141 III 163 

M 400 M -n III 140 III 164 

• ' 400 400 -n III 160 111-166 

>< «000 10 -n 111-161 III 166 

- 1000 40 -T» 111-162 III 167 

•• 1000 •0 -T» HI 163 III 168 

*• 1000 400 79 III 164 III 169 

•■ too 40 .ft -79 III 166 111160 

•• 100 ■0 B -79 III 164 III 161 

•• 200 40 .6 -79 HI 167 III 162 

• • 200 ■0 S -79 111166 III 163 

•• 400 10 0.2S -79 III 169 III 164 

»* 400 40 0.25 -79 111-160 III 106 

•• 400 ■0 0.2S -79 III 161 in iee 

THNCSHOLOS ALL ALL _ -03 III 1 111-2 
TAILCS 

»• 
ALL ALL ALL ALL 111-2 III 3 

•• 
ALL ALL - - III 3 111-4 

tr 
ALL ALL ALL ALL MM lll-B 

■ 
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8. Minimum Threshold Degradation Effects 
9. Audio Limiting 

10.   AGC and Amplifier Saturation Effects 

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

VOICE INTELLIGIBILITY 

The following is a discussion 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 specilic types of pulsed 
interference The results of this type of test are expressed as the percentage ol words heard 
correctly and is defined as the Articulation Score (AS) The basic data obtained lor this test 
are given in Appendix III (Figures III 1 tu III 49) 

Figures 6 1,62 and 6 3 are plots of the average articulation score as a function of the 
input (S/l) ratio for various duty cycles (6) The on tuned data (interlerence and desired 
signal carrier frequencies equal) were averaged since this does not require an additional off 
tune filter power correction factor The pulse widths were Irom 1 ^sec to 10,000 ^sec. The 
results show that for a duty cycle <S v 8% (radars are typically less than 1%) the pulsed 
interference cannot effectively block intelligibility in an AM receiver The articulation score 
remains higher than 90% even for large interference levels as shown by Figure C 1. The 
rectangular pulse is detected as a loud pop" at the pulse repetition frequency (PBF) rate or 
as a "buz/" at the audio output depending on the PRF and pulse level. The pulsed 
interference is on for only a fraction of time compared to a word length and therefore only 
a small portion or portions of the word is interrupted It is therefore reasonable to expect 
the intelligibility to be high 

When the duty cycle is between 8% and 25%, the pulsed intC'i'»?rence causes mmimal 
A A 

degradation for IS'I) levels above - 15 dB. For (S/l) 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 interfe'ing frequency, see Reference 21) due to large interference levels also aids in 
reducing the intelligibility of the system 

Figure 6-3 is shown for a duty cycle greater than 25% and indicates that for negative 
(S/l) 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 
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corr•pondi,..y l•tt change ·n . non score wtten the pulled interference is strongM" 

INn dw dltiNd ...-. A rw of the liter tunt showed thlt 1 similar tfend was 
dlmoniV.-d in 1 lilt conduc1ed by ·1 lnd L" IM:ier {reference 22). In that test. 
undistoned ~ wa turned off t arious ·nteN s nd the resulti"9 articulation ICOitt 

WM obbinld. The proportton of t• tNt s on " Ued the speech time fraction . 
Ttw rtsuhs of ttwir tests w shown ·n F9Jre 6-4. In thiS f'9Ur • me nicul tion ICOf'e is 
pk)ned • a function of the fr ot intetruptioo w•th the speech ume traction IS the 

W~iat:Me '*ametet. 

Sinca undiuoned 
rNik ng fferct of the pu 

cons.dtr~ II at i f\' 

intMference ci.Jtv 
1nd •ncr tt 

tune fraction . 

The tn 
narr~ 

Commerc,., 
dltstrabt dwt t 

obtamed uSing t 
bln~!dth COfr 

80% or 1 

· • the r suits do n t include the 

w~m t diff • mer i 
f dat sh 

anaAI"'h is minim I 
in the tpeeCh 

t1 n wer obuined for 
tni rm tlon bandwidth. 
15 kHz . It • • \her f r . 

nd v tJ m . The ba i 
to 

th• r lat• nshtp which wa 
· t ur'ld .n R f ren 23 and th 

6 5 show th t , tor an AS of 
r rdec M the 
• required (S/ N)0 
ad th (S/N) ratio 

•nr.-..._, to 6 Hz far r ther i a 10% 

inc.,_ in AS end f«X a increatlf! i11 AS of only about 6%. In 
gmer . ~ncreesang m. bandwidth wi ll •ncr the system performa for the same 
(SIN) ratio. This incr fOf lower vatun of AS and will decreate as the AS 
dfue approeches 1~. AI blndwtdth com!!Ction wrves are not available IP(!Cifically 
for put• int~fweuce, the com!Ct·ons in Ff9,1re 6-5 <Atn be applied to the pulled 
in•fer•w:e curws, • a wont e111e (noie) transformation. 

The high fidt4•tv systems tNt annat tolerate the prnence of putted mterference et 

tfte IUdio output Jeglfcless of the .-ticulat!oo 100re tttoutd not ute the AS dm diiCUIIBd 
here. The data on putted intl!t'ference threshofd, reponed later in this e:tion, tllould be 
Ulld in t'- c-. whefe ·the ¥«¥ pn!lence of putted interference at ·the audio output 
C8W'Ot .. ~~CQ~pted. 
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Thil 11Ction hM ~ VOJia ·n r . ' ljty ' n term5 of AS llCOf'M. The articulatton 

india (AJ) - llso used :n this • "ption to mMSUre the llMative perf~ 
.. Mirltion of voice syuems AC i1 dt .ed in Appendi• t\/t . The relationship between AS 

ind At is ttwefOte dlwed and •s 'n F9Jre &6 for the aver of me pulte widm and 
pu'- rates considwed in t ·s 91fon. This *9U shows that the AI ICOf'e does not 
corfeii)Ond directly to 1ntet l' "bil i ·n tenm of AS a 45 line woutd indicali .., ideal 

eorretpOndtnce). This · tes tNt ttw AI values tlaed to indicat perfOrmaM~ levels 

must ...-attov be ·nter}J'eted dm g to F ·~ 6-6. AI of .7 and .3 h generally 
bMn utld in the ll tetarute to the .,O.nt at whictl mtelhgtbility is starting to dticr> 
and the poim at wtUch . T ulld t.c.lJ 
~ •e good i r sonabl v good 

indic•ton f01 conti . the .3 nd . 7 AI 
. YtWUM fOf nc:Mtf, tJ 

me non putted ant,erfiH'fWV"## 

lnd .3 AI vafye, 

AS unl 
differenc: 

Smc 
another AI cri , , c 

c"ter•a of . 1 n• ll r 
low.r thre.shof d. How~Ptn!r 
ttw AS ttore for 

extr ~ly annov•ng or fat • • 
unless the f t i9Je or '"no 

I ot ent If gibiluy in terms of 

d • h wev • show tnlt me 
t unde ired ign Is is small 

tand r-d in t rm of AS 

.3 AI ,, na, it appear that 
IItty thr old. In particular, an AI 

a r a nabl choice for a 
igat•on that, al though 

lit tbtlt ty, th tnter1erence wa 

r than .3 should not be uted 
tmp rtant. 

In ~~~. it -..concluded that f r pu ted nter1er nc~ only the .7 AI threshold level 

thould be U1ld • a ~ •nd•cat of an ac:x:eptability th•eshold . This level denotes the 
poent at which intetr9bi li~ is stan J'l9 t o deere . AI ICOret lower tha thi1 value still 
dlnote hi~ intelligibility I s and do not conveniently define the lower accept.bility 
threshold. 

DEORADAnON WITH PULSE RATE 

The foflowWtt is 1 diiCUtSion of how deiJ'adation is retated to the pulte repetition 
~ (PRF) of the in1erlering li9W and how this trend can be conveniently modeled. 
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Figure 6-7 shows the input (S/l) 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 pulse widths of 5, 100, 200 and 1,000 psec. 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 correction 
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/t)2 =       10 log (-—^   +   (S/f), (6 1) 
PRF | 

where 

(S/f), 2 = the (S/U in dB at PRF land 2 

PRF, = the lower value of PRF 

PRF2 = 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/l) 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 in 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 results 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. 

618 

/ 

-- — --        i      lifl . ^ _ ,^ . 



■nijuii. ii II -" ■ ■     ■   -    '"      - "     "■ 
Hmmim wmmmvmimmm 

V 
ESDTR7O-207 Section 6 

a 
"o 
c 
0 
'ü o 
c 
3 

0) 
U 
c 
a> 

c: 

ai 
a 

♦-' 

a 
c 

9P Nl     """(I/S) 
y 

6 19 

   \——...- 



ESO-TR-7~207 Sectioh 6 

fi9Jre 6-7 also indicates that II pulse widths gr ater than 200 ~AleC create 

approxirNtely the Yme performance degradation . Pulse width parameter variations are 
ditcUaed later in this sect ion 

• 
Fi~re 6-8 shows how the AI score v ries as funct i n f the PRF , PW and input (S/ 1). 

The curves show that tor a given (S/ i ratio , there is a lin ar deer se in th value of AI up 
to approximately 400 pps nd then lin r increase in AI s th PRF is increased above 
400 pps. This is as expected sine Figure 6 -7 shows that th ffective level of interference 
increases with an increase in PRF up to pprox im tely 400 pps nd then deer ases as th . ,. 
PR F increases abo"e 400 pps. The curv also show that for t higtrer (S/ 1) lev Is (> 10 dB) 

I A 

the maximum interfer nee '=urs at ppro 1 t I 400 p s and at lower (S/ 1) levels 
(< 0 dB) the maxtmum tn t rf r nee oCcurs at xtm t ly 300 pps . This effect ppears to 

/ be v the upw rd spr ad f m ing th is increased . 

The AS dat as a funct1 n o f PRF orr 1v r num r tw is sh wn in Figures 6 -9 and 

6-10. Figures 6-9 and 6-10 1nd1c t th tnt lltgib tli ty in t rms of AS. which is 
related to the AI scar pr 1ousl d1 u aded pr p rtion I to th PRF . 
This is du to the approx•m t un• f rm m tn of th v 1 by th PRF lines across th~ 

baseband spectrum. Th AS d t w ltm• t to xtr m I h1 h AS scores (approximately 
99%) and therefor w •• icult t use 1n ur t ly indtc t ing th1 tr nd . The first figure 
shows AS as funct1 0 RF for tndl •du I PW' nd th second fo r n av rage of all th~ 

PW's. The data gener II mdi ted d r s tn AS s th PRF mer a . The change was . 
however. small nough (5 ) th t th ff t o f PW on AS can be negl ted for m t practical 
voice probletY\5. 

.. 
In summ ry, for fixed AI scor s the tnput (S/ 1) rat10 IS proportional to th log of the 

PRF from 10 to 400 pps and IS approximat I proportional up to 1.000 pp . Th AI and the 
AS voice ~adation measures lso ar proportional to th log of the PRF although the 
variation in AS IS gl igi ble f · • · most problems. 

DEGRADATION WITH PULSE WIDTH 

The ollowing is a discussion of how degradat ion is related to the interference pulse 
width (PW) and how this trend can be d i'ol ided in to different modeling categories. 

Fi!J.tres6-11 and 6-13 show how AM degradat•on . caused by non-chirped rectangular 
pulse interference. is a function of the pulse width of thE: interfering signal. The data used in 
these fi!J.tres was obtained from the recei\ler simulation process described in Section 4 . 

. Figure 6-11 is a plot of input (S I) versus PW for a constant PFR . MandAI. This shows an 
incre.e in the required input (S I) as the PW is increased . This trend is due to IF and 

·bMeblnd filter effects and is discussed in Section 4 . 

6-20 
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When the input pulse has a spectrum wider than the IF 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 PWs narrower than 
about IÜQMWC (the inverse of the IF bandwidth) the power loss is approximately, 

Po -2- =      10log(B,F T) (6 2) 

The mput pulse width 

B)F The IF bandwidth 

This figure ä\io shows the characteristic spectrum envelope fall off of 20 dB per decade The 
5 nwc pulse also shows this spectrum fall off for the upper or lower envelope although in 
general the response follows 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 IF and audio bandwidths Since the case being considered has an 
IF bandwidth approximately twice th* audio bandwidth (the IFBW = 8kHz; the 
audio BW = 3 kHz) only slight additional filtering should be obtained from the audio filter 
(see Section 4). For the on tune case in which the IF bandwidth is much greater than twice 
the audio bandwidth, most of the filtering i$ 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/isec do not completely pass the audio filter. Figure 6 13 shows that, in 
terms of Al, the score graduaiu decreases until about a 300 ^sec pulse width is reached 

In summary, the input (S/l) ratio required for a constant Al 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 similarly 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. 
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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 (S/l) 
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 anj 100 //sec and 
a chirp rate of 0.5 MHz. Figures 6-16 and 6-17 were plotted for pulse widths of 200 and 
400 Msec and a chirp rate of 250 kHz. The PRF was 400 pps for the 100 and 200 //sec pulses 
and 40 pps for the 400 psec 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 no 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 A! the input (S/l) ratio is constant out to a given frequency Af,. There is a sharp fall-off 
between Af, and a second frequency Af2. The fall-off above Af2 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 Af2, are a function of the chirp rate 
and pulse width. The initial critical frequency, Af,, is approximately 

B, /Bt\* 
-     -    -    -- .6.31 

wheff 

B» the total frequency deviation 

the transmitted pulse width 

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

Af, Bt (6-4) 

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

628 
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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 TB|F 

product less than 0.64 is approximately I/TTT (reference 28). When the rB,F 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 th«? 
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, 

AW —^  (6-5) 

where 

AfNC =      off-tuning for non-chirped pulse 
i 

fm =      1/ffTorB|F/2 
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Afc ■      off-tuning for chirped pulse 

0, =      the total frequency deviation 

For a 0.5 MHz chirp rate the equivalent Af for a non-chirped pulse is given by 
AfNC 

3 2x lO"6 fm Afc and for a 250kHz chirp rate the equivalent Af for a non-chirped 
pulse is given by AfNC =4x lO-6 fm Afc. 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 pulse 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 pulse 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/l) ratio for a non-chirped pulse would then be 2 dB less than the inband (S/l) ratio for an 
equivalent chirped pulse. This relationship provides a simplified method for modeling the 
effect of chirped 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|F) and 
finally to a far adjacent channel case (Af » B, F). 

Figures 624 through 6-31 show the AM degradation curves, with input (S/l) versus Af, 
for receiver No. 1 and non-chirped rectangular pulse interference. The curves show the RF 
input (S/l) 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 .3AI 
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 would 
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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pull« ipectrum. This curve show« that when the frequency «pacing between pulse spectrum 
nulls is greater than the IF bandwidth the degradation measurement will follow the exact 
shape of the interfering pulse spectrum rather than the envelope of the pulse 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-off is a function of the pulse 
width of the interfering signal and the receiver IF bandwidth, if the pulse width of the 
interfering signal has a power spectrum with a mainlobe approximately equal to or narrower 
than the IF bandwidth, the break point will occur when the off tuning is approximately one 
half the i F bandwidth. Figures 6 25 through 6 30 (PW > 200 jisec) indicate this trend. When 
the mainlobe of the interfering pulse spectrum is much greater than the IF bandwidth, the 
break point should theoretically occur when the off tuning is (1/irr). 

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 IF bandwidth 
2. Mainlobe approximately equal tu the IF bandwidth 
3. Mamlobe much wider than the IF bandwidth 

Figures 6-32 through 6 36 show the AM degradation, input (S/l) versus Af for receiver 
No. 1, and chirped rectangular pulse interference. The figures show the RF input (S/l) 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 However, the measured data shown 

A 

in Figures 6-32 through 6 36 indicates that the RF input (S/l) level, for minimum threshold 
level and .7 Al level fallsoff 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 (J^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 levels or input signal to noise ratios (for AM receivers having the 
same bandwidth 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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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 relat ive degradat ion in performance. The UPL is 

governed by the receiver output (S/N) level nd is funct ion of the input desired signal level 

and the dynamic range characteristics. 

Dynamic range characteristics are graphs of the ou tput voltage level or the output 
(S/N) ratio as a funct ion of the input signal level . Typ i I dynami range curves showing the 
(S/N) or SINAO ratios for recei11er No. 1 nd No. 2 wer given in Section 5, Figure 5-8 . 

These curves show the audio signal plus noi plus d istort ion-to-noise plus distortion ratio 
(SINAO) as a funct ion of v rying input s•gnal levels. Although these curves are similar to the 
dynamic range cun~es spec i f ied tn Mll ·ST0-449(reterence 10). there is actually considerable 
difference in that the M l l -STD·449(refer nee 10) curves only measure the total voltage and 

consequently give no ind tcation of performanc . The curv s shown in Figure 5-8 indicate a 
power ratio which can be r la ted to t rform n of the system . The SINAO ratio very 
closely approximat s the destr d stgn 1-to-notse plus dtst rt 1on rati o for values greater than 
10 d8. 

The series of tests performed for thts inv stigat ion speci f ied that the input signal level 

should be adjusted to level 30 d8 above th 6 d8 AM sensit1vity cnteria . This means. from 
an examination of Figur 5-8. that the tnpu t stgnal level for r ceiver No. 1 was adjusted to 

- 79 d8m and No. 2 was adjust d to - 72 dBm. Th is corresponds to output signal-to-noise 

plus distortion rat ios of 26.5 and 20.0 dB. r spec t iv I . 

These output rat1os are ctual l less than the theoret ical ou tput rat ios because of the 
nonlinear distort ion generated w ithin the receiv r . The tdeal signal -to-noise curves are also 

shown in Figure 5-8 and increase at a 1 to 1 ra t io (i .e .. a dB ch~nge on the input corresponds 
to a d8 change on the output) . These curves indicate that , ideal ly, output (S/ N) ratio should 
have been 37 d8 for the input signal level used in th is invest igation . 

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 wi th 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 AI or threshold 

values) than at lev"'els at which the peak interference is much larger than the noise level. At 
large negative (S/1) ratios the results should be independent of the SIN ratio. This general 

trend is "qualitatively" indicated by the difference between the same degradation levels for 
A 

receiver No. 1 and No. 2 shown in Table 6 -4. In th is table, the (S/ 1) ratios for the same AI 
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TABLE 64 

DIFFERENCE IN INPUT (S/l) FOR RECEIVER 
NO. 1 AND NO. 2 

|                                                HIGH Al SCORES                                                                  | 

Receiver Receiver 
Pulse 1     PRF |       No. 1 '            No. 2 
Width (pps) Al ;   (S/l) in dB (S/t) in dB A    i 

5MI 300 89 12 o 12   i 
100 MS 80 88 5 0 5 

\    100MS 300 85 7 0 7 

1    ?00MS 40 89 0 0 o 
200 MS 80 .87 5 0 5           | 

400 MS 40 .87 3 0 3 

LOW Al SCORES ZJ Avg. ■ 5.3           1 

{    100 MS 400 79 4 0 4           I 

200 MS 400 .75 6 10 - 4           | 

400 MS 80 .80 3 9 - 6           | 

|   400^ 400 76 8 10 - 2           | 

400 MS 400 .67 6 0 6 

1000 MS 40 .80 -  1 0 -  1           j 
1000 MS 80 .81 4 10 - 6           | 

1000 MS 80 .73 1                   i 0 1 

1000 MS 400 .76 10 10 0 

A Avg. = -1             | 
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score are averaged for different 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 limited amount of data was 

available for comparison due to the audio limiter employed in receive' No 2 This limited 

the data that could be used foi compansun to IS/1) values higher than the limit level of 

approximately   6 dB 

The degradation from the sdme receiver can also be different due to 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 dbove the knee and below 

saturation. In the first case the performance is increasing with increasing outpui .J/N) ratio 

and is shown in Figure 6 37 for receiver No 2 Input signal levels that are above the knee 

result in approximately the same (S N)0 levels and consequently should result in the same 

input (S/l) levels for the same Al criteria. This is shown in Table 6 5 which summarizes the 

input (S/l) ratios obtained with receiver No 1 for the two signal levels at an Al criteria of 

5. This shows an average difference of only 1 1 dB 

As previously discussed, the higher performance levels are greatly affected by the 

output (S/N) ratios This, in particular, includes the threshold levels, averaged over all pulse 

widths, that were measured for this test This tan best be seen by examining Figure 6 38 

which shows how the threshold is a function of the output signal to peak to-peak 

interference and the output (S N) ratio These measurements essentially show that the 

threshold level 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 

receivers operate Figure 6 38 will be further discussed in the minimum interference 

threshold effects discussion 

In  summary,  the relationship of  performance to  the output  (S/N)  ratio has been 
A 

discussed. It has been shown that performance is a function of the input (S/l) ratio only for 

high input siyial levels This high level condition is represented by output (S/N) ratios above 

10 dB. 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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TABLE 6-6 

AVERAGE DIFFERENCE FOR 
THE INPUT SIGNAL TO-PEAK 
INTERFERENCE RATIO FOR 

TWO SIGNALS 

Pul» [ PRF Al S=-79dBm S»-40dBm 

1 Al 
Width (PP*) 1 (WH/) (S^l m dB (S/1) in dB AS 

.5 100 ps 40 0 20 -21 1   1 
3 18 5 -18 0.5  | 
25 43 -43 0   j 
100 -58 60 2   j 

400 0 7 - 6.0 1 

3 8 - 5 0 3 
25 25 -24 1   1 
100 -41 -40 1   ! 

| .5 400 MS 40 0 -12 -12 0 
100 -52 -50 2   | 

400 0 0 0.0 o 
100 -37 -36 1 

.5 1000 MS 40 0 -12 -13 
1   I 

100 -51 -49 2   ] 

400 0 2.5  i 1.0 1.5  j 
100 -37   ! 

1 
-36 1   | 

A Avg. ■ 1.1 
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the baseband (audiu) output power ratios An examination ot this ciata is important since 

baseband measurements are the easiest type ot degradation measurement to make. If 

baseband power ratios can be simply associated with performance degradation, a number of 

future measurements and receiver modeling simplifications are feasible 

Baseband power ratio measurements (the ratio of two measured power quantities, e.g., 

signal to-no«se 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 is not ideally suited to degradation measures since 

the degradation is proportional to the desired to undesired signal ratio It is, therefore, 

desirable to convert this data to the format shown in column two 

The last measurement in the first column is essentially the measurement of 

signal to peak output interference This measurement is appropriate to this particular study 

because the interference is pulsed and consequently the output performance degradation 

may be rel.ited to the signal to peak interference The presentation of the data is again more 

appropriate to degradation analysis in the signal \u 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 (sec Section 4 for a discussion of output pulse shapes) due to the 

ringing of the various filters in the receiver the peak to peak measurement was used 

However, the zeratapeak pulse power can be obtained approximately by reducing the 

mterffc'ence peak to peak measurement by 3 dB This corresponds to adding 3 dB to the 

signal to oeak to peak interference ratio de   (S.lop)0 *   (S/lppL + 3 dB) 

The two types of baseband measurements listed in Table 6 6 consist of RMS (average 

power) or peak voltage type measurements An examination of Al in terms of the average 

output (S/l) ratio led to no significant parameter trends The output Al curve was, 

therefore, plotted for average PW. PRF and off tuning and is shown in Figure 6 39 along 

with the variability (tin limits) 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 uniquely related to 

the pulse input (S/l) ratio 

An examination of A! in terms of the peak to peak output (S/l) ratio indicated a 

significant PRF degradation trend This is shown in Figure 6 40along with the measured 

variability (± Icr limits) in which the PW and off tuning parameters have been averaged. The 

80 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 

COMMON OUTPUT BASEBAND POWER MEASURES 

Measurement Ratio Degradation Ratio Comments 

M (S/N), Standard tdeahred output 

[ S>N-*-D 
\   N*D N+D (SINAD) 

/s+N+D+|\ 
^   N+D+l   ) N*D-H SINAD measurement 

technique applied to 
pulsed interference 

I SlN+DH 
N+D+I: PP (N+D+l) PP 

Special measurement for 
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 80PRF 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 examination 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/Ipp) ratio for a I on tune and off 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 receiver input performance 

degradation criteria This can be simply accomplished through the use of a transfer function 

that relates the input (S/l) power ratio to the output (S'l) power ratio. This process is 

symbolized in Figure 6 41 These uansformaiions 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 III 107 to III 161 of Appendix III. The average transfer 

curves were also simulated and are shown compared to 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 in the simulation section. Although the 

peak to-pea'A 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 coniunction with the average Al curves, can be used to obtain a solution to the 

voice degradation problem. They can also be used with other types of output degradation 

criteria (i.e., such as the S/N corresponding to d particular error rate for a digital system) to 

obtain solutions for digital and analog systems 

In summary, it 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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POWCft 
TMNSFCH 
FUNCTION 

(VI)0UT 

A 

(S/X) OUT 
B 

«^) 

INTEL LIOI»ILITY 
CUNVE 

OBTAINED 
rROM 
FIOUKES A  AND B 

IN 

Figure 6 41.    Synthesized Performance Degradation Procedure 
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.... INTERFERENCE THRESHOLD DEGRADATION EFFECTS 

The fc:Miowing is a discut5ion of the modeling of minimum interference ttuethold 
effects. A minimum interference threshold is the level at which the interferonce is first 
oblented. For the audio case this is the ltNei at which the pul.c:i interference is first heard. 
This is an important ~~tion response to obtain sinoe the input (s/i) ratio or the peak 
input interf8!ence level obtained from this test is a conservative (or safe) criteria. In 
Plfticular. the levels recorded for this test are just detectable under optimum listening 
conditions and would not neceuarily be observed in less ideal situations. If the interference 

I 

levet can t. kept 1 .. than the ttweshold. all pulse degradation problems can be avoided. 

At the minimum interference threshold level theri is no practical degraddtion in the 
intellifjbility of a voice message from pulsed .nterference. This statement is not generally 
~ica~e to all t-ypes of delared and undelired siW"als. 

The following threshold evalu taon as divided into a ditcussion of overall receiver 
measurements and di.:uaaon of set of me.nurements performed entirely at bateband. 

Tib'es 111 · 1 and 111 -2 summaraze the minimum interference thresholds measured on 
receiver No. 1 tor chirped nd non-charped, r tangular pulsed interference. Tables 111 -3 and 
Ill_. show the minimum int rf renee thresholds for receiver No. 2 with a chirped and 
non-chirped rectangul r pulsed int rf renee. 

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

,. 
1. For fixed PW and f, the required input (S/ 1) generally becomes more 

positive as the PRF is increased. 

A 
2. For fixed PRF and 61, the input (S/ 1) becomes slightly more positive • the 

PW is increased. 

Tables 111 -2 and Ill_. show that trends 1 and 2, listed above, also apply for a constant 
chirp rate. Tabtes 111 -2 and Ill_. aJso show that for the on-tune case (61 = 0} the minimum 
interference levet , cs/h, becomes more negative as the chirp rate is increated. The re.on for 
this is that the interfering power within the IF passband decreates • the chirp rate is 
increased. 
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"' Fi9Jre &46 ~how~ input (s/1 venus off-tuning for reoeivttr No. 1. The cMtl is plotted 
fOf ., .,.,.... PW (all PW's are averil91d except the 5 lliiC pulsest .nd individual PRFs. This 

fiture shows 1 log PRF trend f minimum interference thresholltS. A similer PRF trend wes 
previously noted for ~adation in terms of AI (tee the ~tion Witt\ Pulte ~ate 

IKtion) . 

The objective of this ponion of the pulsed investigation w• to obbin beteband 
degradation cr iteria that could be used with the simulation program to obtain an overall 
voice receiver model ing capability (in t rms of thresholds nd AI degradationt. In order to 

obt1in this t'/pe of informat ion it is necessary to know how the thretlholds VW'V with 
t.tebind power rat ios (not " iver tnput r t ios). since this is the normal output of the 
simulation model . There fore. nd set of threshold measurements was mede at the 
detector output . The measurements wet' mad d irecrty feeding the desired and interfering 

siWlals in to the aud• o f il ter m Ofdef to t:ely control the audio signal levels. The 
baleb¥1d siWl I I I c ld no t be ntr lied when the desired and interfering 

siWlals were fed •nto t Rf u-.put f th ~ari b ility due to the measurement 
techni(J.Ie nd the •n r nt r r•tt . The tMt wes run as though an idealized 
detector output s•!J' I was IN tl bl the mput to a bateballd audio filter . The test 

5 nd IS s• lly summarized in Figure 5 -12 which lhows 

·~ m. The between this test and the previous tMt 
is that idealized rect gu l r p..1t fr m nerator were uted as inputs to the audio 
filter . The resu lts of th•s t ~ . iJV raged OY r thr observers and PW's from 100 llleC to 
1,000 ,..sec, are shown in F tgu r; 6-38. Thts f1gure shows that the actual audio threshold is a 

" funct ion of the aud10 { } and the outpu t signal -to-peak interference (S/1 }0 , or 
" equ ival t ly , the ou tput pea 1nt r c to- o i (1/ N)

0
. From thete figures the output 

si~al- tcrpeak · tcr pe.ak tnterf r; nee (S/ Ipp )
0 

i dB reQuired for a minimum audio threlhold is 

~ven by 

= 

It is also true that 

= 

7 + .62 ( 
800 

lo - l2 Log PRF 

so that the output {lpp!N)0 can be obtained . 

(6-6) 

(6-7) 

This indicated the same result that was contained in the overall receiver measurements. 
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The audio threshoid m~ given by Equation (6~) can be used, witt\ the transfer 
function detcribed in the simulation portion of Section 4, t obtain an automated thr~old 
level . This -ttveshoid and the AI degradation model br-acket the usabl range of degradation 
from ttv~d to a loa of inteUigjbility. 

AUDIO LIMITING 

The following disc:uues the effect of iWl audio noise limiter in the receiver sign I 

procnsing circuitry . This circuit is desi~ to l•mit pe n ise signals th t xceed a given 
voltage level in the audio circuits Although the limit lev I is adjust bl (within the receiv r 

chassis), one levet is pretent f01 all no1se si~ats. The circuit lso clips all interfering signals. 
especially pulted interfering si~ats. that exceed the lim it lev I. Ideally . the limit level is set. 
to a point above the average s i~al level whach does not aff t the desired information 
intelligibility . The test results used 50% modul t i for iN r ge Sign II vels with voice peaks 
representing approximately 100% modul lion . Thus. a clipping lev I t tor a signal -to-peak 

interf~rence output ratio of - 6 dB resulted en th pul in t r1 rene being iimited at th 
A 

peak voice levels. This result 11 shown en F i~r &46 en whi h the input. (S/ 1) versus th 

outpt.tt (S/Ipp) is shown for rec r r No. 2 with the lemit r and rec ivers No . 1 and No. 2 

without the limiter. Fi~ret 6-47 d 6 48 show the audi output waveform with and 
without the limiter . Fi~re 6-46 shows the knee of the ilmit r curve to be above - 7 dB tor 
receiv r No. 2. This fi~re lso shows that by removing the lim1t.er the linear range increased 
by almost 13 dB. This change 15 not as large or infen1t as theoretically would be expected, 
due to AGC saturat1on effects (see Sect1on 4). This also shows that. although the audio 
limiter clipped the pulsed interference aod kept the per1ormance degradation to a low level , 
the receiver would have saturated at only a 13 dB hi~r output lev I. 

The performance dfc7adation as measured by AI for receivers No. 2 and No. 1 (with 
and without limiting, respect ively) is shown in F i~re ~9. This figure shows that the audio 
noite limiter decreases the effect of pulsed interference. As a particular eKample . this figure 
shows the receiver with the audio limiter~ tolerate a 71 dB higher interference level than 
the receiver without the limiter for the same AI score of .6. 

The same type of general trend can be found in Appendix Ill by an examination of the 
curves of receiven No. t and No. 2. This pattern can also be shown on a plot of the At 1e0re • (for the same .input S/1 ratios) of one receiver versus the other. Figure 6 -50 compares the AI 
!Cores for three differennt PW and PRF combinations. This figure again thaws that the 
receiver with the audio limiter is performing better in terms of AI than the other receiver . 

The AI ~adation measure is. however. only part of the tolution to this problem. 
This me-..re has been pnmarily used in this report as a tractable measure of a decrease in 
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PW =      lOOps 
PRF 400 
(S/'U 25 dB 
VERTICAL 2.0V/cm 
SWEEP RATE .5 ps/cm 

RECEIVER NO 2 

Fiqure 6 47.      Audio Output with Limiter On 

PW 100 M$ 
PRF 400 

<s/')1N 25 dB 

VERTICAL 2.0 V/\.m 
SWEEP RATE .5 ms/cm 

RECEIVER NO. 2 

Figure 6-48.      Audio Output with Limiter Off 
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intatliQibility . ·rhe true picture of what is hlppening to int ll" gibil ity can only be obtained in 
..,,. of Anicul.tion Scote (AS). 

Fi~re &51 shows the relationship between AS and AI for the two recei~rs averaged 
ewer ttw PW lnd PRF parameten used tn th.is investigat ion . The curve for rec:ei~r No. 1 was 
previousjy ditcUaed in the secuon on i ntelt igi~ li ty . 

This fi~re shows tNt, tn tetr s of tntelhgibi llty, t two~ rs r performing in 
similar f.nion . The perlormanc:e of the receiyer with the ltmirer is sl ightly tter at high 
intefligibilit-y levels. while the perfor~ of the iver without the lim iter is somewhat 
better at lower intell giblhty lt!'lt Is. 

lr. llJmmary , this ..:t1on h shown thit n udt n i ltmit r in n AM receiv r 
improves the low AI .:otes tn t ms o f the •nput (5 I) r t t . (I t c n Is be postul ted th t 

an RF or IF limiter with s•m•lat cltppt I would tmprov the perf rm nc by similar 
amount. ) The 1ntefllg.O.ht . rt'd ' t ms of AS, w , however , m in tained bout th 
ume Wtth and wtthout limit 

AGC AND AMPLIFIER SATUAAnON EFFECTS 

The foilowtng 1s d•scuss•on oi 
satur t•on that occurs t low PRFs. 

adat ion ff t of AGC action and amplif ier 

F i~res 111 -13 throu!1t Il l 46 tn Append • Ill 5how the AM degradatt n curves for AI 
venus RF input ( I) rat• o for ecer r o 1. The AM degradati n curv for the 
non-chirped rectarl9J iar pu l 1 l! r1 reN:e at I PRFs (10. 40 and 80 pps) indicate the 
receiver becomes saturated at certa• tnout S I l tevels. The saturati n levels were obtained 
from the intenection of strai~t hoes ftt to he data. Tabl 6- 7 summarize the AI ICOfes 
lnd the saturation levels measured for rece iver o . 1 with a low AGC responte tetting. As 
prwiousty reported (-Section 4) us1ng the fast or slow t ime constant had no effect on the 
measurements. 

The .wrage saturation levef for a 40 pps rate was found to be - 18 dB for an AI toore 
of .41 . The recei'ler becomes saturated becaJte It low PRF rates the interference does not 
tffect the DC level of the AGC bias line (tee Section 4 for a d iiCussion of AGC action) . 
Since tt. AGC does not respond to thne pu tes and IOWP.r the over alI gain of the receiver , ,.. 
the '-II interfering pulte (thete c.es •e all for I >> S) overdrives an amplifier stage and is 
clipped 01 limited. Thlrefore, the interfering pulte is reduced with no additional degrading 
effwct of tt. dlsfred ~~~ . TtMs effect is imporUnt primarily in the intelligibility ,.. __..tion region (i.e. , I> S) and not important in the minimum threthold degradation 

" rwgion (i.e .• s >> n. 
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Saturation bagint to affact tha Itnaar ratponae tor Al tcorat of «pproxtmataiy .3 and a 
PRF of 40 or lowar. Ftgure 6 52 and Figura 6 53 compare the 3 Al otl tuned response tor a 
PW of 200 MWC and a PRF of 80 and 40, respacii^iy The first figure obtained for an 
80 pps rate, shown cloae agreement between the simulated output (obtained without an 
AGC modal) and the meaaired data The aacond figure, obtained for a 40 pps rate, #>ows 
conaidarable difference between the simulated output (without AGC) and the measured 
output wtth AGC. 

A comparison of th« non chirped «ind chirped interference degradation curves shows 
the non chirped pulte hat a lower taturation level (thit data is also summanred in Table GG) 
than the chirped pulse for <t given PW PRF and (S/l)lK level The reason tor this difference 
is the mamloba of the chirped pulse interterenc« spectrum it spread proportional to the 
chirp rate causing leu interfering power in the IF pastband 

The laturafion levels tor two different input tignel level» I 79 dBm and 40dBm) are 
alto shown in Tabta 6 7 This shows That uturttion level is independent of signal levels and 
can be completely described by th« input (S/l) power ratio This effect is due 1o the AGC 
action which hei lowered the gtm for (he higher input signal level The AGC is, however, 
still responding to the pulse« m the same manner as it responded lor the lower signal level 
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TABLED 

SATURATION BREAKPOINTS FOR AM 
RECEIVER NO 1 

Figur« 1    Signal Cbirp Put» i     PRF At !   Bk.Pt. 
Number IdBm) (kM/) Width (PP$) (KM/) (dB) Al    \ 

4-14 -79 100 M» 40 0 20 49 
415 79 100M» 1        B0 1       0 25 1    ■?1 

418 i   79 
200 Mt 1       40 !   o 

\      16 1     49 
419 -79 200 MI 1       80 0 1      11 1     48 
421 1     -79 400 M« i        10 :      0 16 !    8? 

422 79 400 M« i   ^ 0 1      16 <    39 
423 79 400 »it 80 0 i      1& .21 
425 79 1000.1 1        10 0 15 1     79 
426 79 1000 »it 40 0 20 78 
427 79 1000 »it 80 0 13 .26 

Awarag» breakpoint tor PRF  ■ 10 16.5 .805 
Average breakpoint for PRF  • 40 18 412 
Averaga breakpoint for PRF  ■ 80 16 79 

429 -40 100 Mt 10 0 33 .82 
430 -40 100 M» 40 0 23 46 
432 -40 400 MS 10 0 17 .84 

4-33 -40 400 Mt 40 0 11 ,51 
435 -40 1000 M* 10 0 15 79 

[436 -40 1000 MS 40 0 17 39 

Average breakpoint for PR F - 10 -22 .82 
Average breakpoint for PRF ■ 40 -17 .45 

441 -79 500 100 MS 40 0 46 .41 

442 -79 500 100 MS 80 0 43 .20 
444 -79 500 200 ^s 40 0 -40 40 

|  445 -79 500 200 MS 80      I 0 -39 18 

I Average breakpoint for PRF = 40 -43 405{ 
Awragebreakpoint for PRF = 80 -41 .19J 
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