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CHARACTERIZATION AND MEASUREMENT OF RECEIVER
PERFORMANCE IN THE PRESENCE OF INTERFERENCE

ELIE J. BAGHDADY
Info Systems, Inc.

San Diego, California 92111

Summary    The performance failure mechanisms of a receiver that may be activated by
interference are reviewed and methods of characterizing and measuring this performance
to bring out the receiver susceptibility to interference, and the nature and degree of its
performance degradation under specified conditions of interference and background
thermal-type noise, are presented.

1.   INTRODUCTION

From the viewpoint of modeling, analysis and prediction of interference effects upon
receiver performance and final message reception, it is convenient to subdivide the
receiving system into three major sections as illustrated in Fig. 1. The signal
“dimensions” that are involved in the design and performance of each part are also listed
in Fig. 1. The methods of signal processing and the associated circuitry may be quite
different from one of the indicated sections to the others.

Accordingly, the requirements for the analysis and prediction of the effects of
interference depend on the point in the receiving system at which the effects are of
interest. In general, one may desire a knowledge or an assessment of interference effects

A. at outputs of one or more basic receiver operations, and as functions of the design
characteristics of the receiver stage considered, in order to determine what the
interference effects will be and how they can be minimized by suitable design
optimization of the receiver stage under consideration;

B. at the output of an overall receiver structure in order to determine how the
baseband is affected and if any further processing can reduce the disturbance
effects; and

C. as perceived by the user, which may be a machine or a human operator.
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Fig. 1  Subdivision of Receiving System into Three Major Parts with
Corresponding Relevant Dimensions for Separating Signals.

In each case, the validity of the analysis and the results used in predictions rests on the
completeness and correctness of the models employed for the interference, the signal and
the receiver operations on their sum, and on the assumption of how and where the
interference is introduced into the receiver circuits. In what follows, the questions
relating to the receiver operations will be discussed. The characterization and modeling
of the interference and the signal will be discussed as part of the measurement
procedures in later sections.

2.  FACTORS AFFECTING RECEIVER SENSITIVITY TO INTERFERENCE

We start with a brief review, with the aid of Figs. 1 and 2, of the factors that influence
the vulnerability of a receiving system to interference. For purposes of illustration only, a
general functional structure of an FM receiver is shown in Fig. 2 with a listing, for each
functional block, of factors that determine the receiver sensitivity to interference. Similar
diagrams can be readily drawn for other types of modulation, but the differences do not
influence our general discussion here.

The major contribution of interference into the receiver is generally encountered in the
medium-to-receiver coupling section (although it must be realized that troublesome
interference may also enter the receiving system through improper grounding and
shielding of all RF and IF parts from neighboring transmitters.) The far-field directional
characteristics of the receiving antenna determine the system susceptibility to interfering
radiations arriving from different directions in space, and its far-field frequency
characteristics determine the portion of the spectrum that presents the interference threat.
The near-field characteristics of the antenna determine its coupling to neighboring
transmitting and other radiating sources.

The coupling of the receiving system to the radiation field may also be achieved through
a multiplicity of elements, to secure advantages of diversity from spatial antenna element 



Fig. 2   General Functional Structure of FM Receiver, With Listings of Factors
that Determine Receiver Sensitivity to Interference



separations, from polarization or from angles of arrival of received radiations. Synthetic,
spatially selective antenna nulls may be accomplished from appropriate combinations
and processing of antenna-element outputs.

Another potential cause of performance limitation arises from the fact that the coupling
of the antenna system to the receiver front-end stages can never, in practice, be
completely matched. The resulting reflections in the coupling transmission network or
line will cause additional receiving system susceptibility to interference.

In the RF-to-baseband processing section, all receivers basically start with “linear”
stages purported to preselect and amplify a frequency range that includes the spectrum of
the desired signal. Then, through frequency conversion processes followed by further
linear filtering and amplification, the selected portion of the spectrum is narrowed down
to the desired frequency channel, with the guard bands (if any) falling in the nominal
cutoff regions. In practice, the degree of linearity of these receiver stages depends upon
the input signal level as well as upon the level of the interference present. Strong
interference will usually cause the amplification, mixing and filtering stages to be driven
into nonlinear modes of operation, causing a considerable increase in the receiver
susceptibility to interference from all sources operating within the effective frequency
response range of the antenna system.

Thus, one must recognize that so-called linear stages of selective amplification and
frequency conversion in reality have limited dynamic ranges of linear response. A strong
interference (anywhere in the spectrum that drives these front-end stages into saturation
will cause

(a) a drop in the level of the desired signal relative to attendant noises (so-called,
desensitization) as delivered to the IF stages: an

(b) spurious byproducts (in the IF range) of nonlinear interaction among signals
present at the antenna terminals.

The response of the “linear” stages is also usually regulated by automatic gain control
(AGC) and automatic frequency control (AFC) to minimize dependence of their
characteristics upon signal level and reduce susceptibility to frequency drifts. The
presence of interference may influence the receiver response by affecting the AGC and
AFC operations.

The last stages of RF-to-baseband processing consist of demodulation circuitry pertinent
to the type of modulation on the desired signal. Each type of modulation can in practice
be demodulated in a number of ways. In any case, the basic operations of the
demodulation circuitry may be strongly influenced by the interference present.



Moreover, under the normal conditions of demodulator operation, the distorting,
disturbing and disruptive effects of interference upon the received message are normally
irrevocably introduced in the demodulation operation.

Demodulation processes usually involve switching devices (such as linear rectifiers),
nonlinear conduction devices (such as square-law or <th law devices), and amplitude
limiters or clippers, all with or without associated energy storage elements for producing
desired effects on the output of each device. Additional operations include frequency
and/or phase reference extraction or synchronization circuits. The outcomes of the
operations performed by these “building blocks” on the sum of signal plus interference
are of basic importance to the modeling, analysis and prediction of interference effects
upon received messages.

The characterization and modeling of receiver performance under conditions of a
multiplicity of signals plus noise at the input can be pursued along two general
approaches: one in terms of graphical relations between input measures of interference
and noise relative to the desired signal and output measures of performance, the other in
terms of input-to-output transfer operations. With either approach, the object is to bring
out the most indicative results of receiver performance analyses that show the net effects
of the design limitations and failure mechanisms of the various functional elements of
the receiver structure and the dependence of the performance upon the significant signal
and interference parameters. Only the graphical approaches will be discussed here.

3.   GRAPHICAL CHARACTERIZATION OF RECEIVER MULTISIGNAL
PERFORMANCE

The performance of a receiver in a multi-signal environment can be brought out
efficiently in terms of plots of the variation of desired relative measures of output signal
and disturbance as functions of input measures of relative properties of signal and
interference. The terms “output” and “input” may pertain here to both functional
segments of the receiver structure as well as to the overall structure, depending upon the
purpose of the characterization;. e.g., determination of overall performance as opposed to
the determination of the contribution of various parts of the receiver to the overall
performance degradation.

In what follows, a number of graphical presentations that bring out various aspects of
receiver performance in the presence of interference will be described briefly.



3.1  Receiver Frequency-Selectivity Characteristics

The dependence of the response of a receiver upon the frequency location of the
interference relative to the nominal center of the receiver passband can be characterized
with the aid of multi-signal selectivity curves. We illustrate here in terms of the two-
signal case, but the discussion can be readily generalized to the characterization of
receiver selectivity under conditions of three or more different signals with or without
background gaussian noise.

For a two-signal selectivity curve, one considers two signals to be applied at the receiver
input, one fixed in tuning to a particular nominal frequency (such as the nominal center
of the receiver passband, or any other location of interest) and the other is varied in
frequency location. The components of the receiver output are then determined and
identified as corresponding one to the fixed-tuned signal, another to the variable-tuned
signal and the third to interactions between the two as well as other effects precipitated
by the presence of the interference. For example, in the case of an FM receiver, either or
both of the signals may be an FM signal, and the corresponding components of
demodulator output are the signal modulations. Moreover, either signal may be
considered the desired one for purposes of determining the receiver performance under
the corresponding conditions, and some measure of the quality of its reproduction in the
output may then be used as the quantity whose dependence on the frequency location of
the interference is of interest. The measure of output signal fidelity is dependent upon
user requirements and other terminal equipment. Typical indicators of fidelity may be
percent capture of desired signal modulation relative to some suitable reference, total
attendant distortion, the ratio of output signal to total attendant disturbance, probability
of error, speech intelligibility word scores, etc.

The performance of receivers against co-channel interference depends critically upon the
performance of the IF-to-baseband conversion portion of the receiver, which includes the
IF amplifier stages and filters and associated AGC, and the desired signal demodulator.
In particular, the capture characteristics of the demodulator have the decisive influence
on the ability of the receiver to deliver the desired signal message. Capture
characteristics bring out the receiver performance, based on some measure of signal
fidelity in the output, as function of input signal-to-interference ratio, and will be the
subject of discussion in Sec. 3.2

The selectivity of the IF filter discriminates against adjacent-channel and out-of -band
interference provided that the front-end stages preceding the IF filter are not overdriven
into nonlinear operation. Ripple in the passband of the IF selectivity curve also affects
the ability of the receiver to discriminate against interference at values of input signal-to-
interference ratio around 0 dB (i.e., near equality) causing a broadening of the range of
input S/I ratio in which capture transition occurs from one signal to the other. The



linearity of the IF phase characteristic affects the residual levels of distortion in the
receiver output, particularly in the case of FM receivers.

A test set up for obtaining a two-signal selectivity curve is shown in Fig. 3. A complete
characterization involves variation of the following four parameters:

a. Absolute level of signal measured in terms of dB above the noise floor of the
receiver referred to the IF bandwidth (BW)IF

b. Input signal-to-interference ratio, S/I in dB

c. Carrier frequency of the desired signal, fs

d. Offset of the interference frequency, fi, relative to the desired signal, as measured
in units of the IF bandwidth; i.e., (fi - fs)/(BW)IF

Fig. 3  Test Setup for Determining the Two-signal Selectivity
Characteristics of a Receiver

A typical two-signal selectivity curve for an FM receiver is illustrated in Fig. 4. In this
curve the demodulator output is plotted in terms of relative capture of a sinusoidal
modulating signal referred to a no-interference condition. The effect of the interference
is to degrade capture of the desired FM modulation with a consequent reduction in
desired output component level below 0 dB. When the stronger interference is swept
over RF frequencies in the vicinity of the desired signal carrier, relative capture of the
desired signal drops well below 0 dB, indicating capture of the receiver by the
interference. In the tests that yielded the curves in Fig. 4, the receiver front end was
driven well into saturation producing intermodulation products that fell into the band of
the desired signal and captured the receiver at the frequencies of the dips shown in the
curve of Fig. 4(a).

The two-signal selectivity curve for the same receiver equipped with an improved front-
end design (with emphasis on increased dynamic range) is illustrated in Fig. 4(b). The 



Fig. 4  Two-Signal Selectivity Curves for Two FM Receivers

same frequencies and signal levels were used as in Fig. 4(a). The improved performance
of the high dynamic-range receiver is clearly demonstrated by the fact that the effects of
the interference were confined to regions co-channel with the desired signal. In
comparing the susceptibility of the two receivers to interference, using as a basis the
two-signal selectivity curves, the high-dynamic range receiver is clearly the better of the
two.

A complete characterization of receiver selectivity under two-signal conditions involves
plotting families of two-signal selectivity curves with each curve plotted for a different
setting of the parameters listed above, including settings for which the effects of
background gaussian noise are not negligible. The details of the two-signal selectivity
curve over the frequency ranges immediately surrounding the band of the desired signal
bring out the effects of the tuning of the interference relative to the signal. These curves
also facilitate identification of common failure mechanisms such as

a. desensitization and blocking

b. Intermodulation

c. spurious responses



In addition, as shown in Fig. 4(b), the effects of improved design features such as
linearity over a wider dynamic range, increased front-end selectivity, better choice of
conversion frequencies, all are borne out by the two-signal selectivity curves.

3.2  Receiver Capture Performance Characteristics

The emphasis in the multisignal frequency selectivity characterization discussed in the
preceding section is on the receiver performance as a function of the frequency locations
of the undesired signals relative to the frequency location of the desired one. Another
vital aspect of receiver performance is its dependence upon the intensity of the
interference relative to that of the desired signal. This is brought out by the receiver
capture characteristics.

In general, the measurement of capture performance directly in terms of the performance
index (e.g., the probability of error) most suited to the desired application is an unwieldy
and often unfeasible operation. It is therefore desirable to calculate the performance in
terms of some standard and easily identifiable, separable and measurable modulation
waveforms (such as single tones or other baseband process.) The measurable
characteristic of the desired modulation should then be portrayed along with a
corresponding measure of the attendant distortion, both as functions of the input ratio
(S/I) of signal strengths. The resulting quantities could then be related, by means of a
separate and independent computation or measurement, to error probability or some
other performance index that is appropriate to a specific application. In this way, the
receiver capture performance measurements can be standardized for all possible
applications. Only the interpretation of the results in specific circumstances remains, and
this is legitimately left to the discretion of the user, not the salesman or the manufacturer.
The user may then abstract the capture performance of the receiver by a single number --
the capture ratio -- which he determines from the standard capture performance curves
on the basis of a criterion of capturethreshold that is most suitable to the specific
intended application.

Thus, a complete description of the capture performance of a receiver from the viewpoint
of a specified application requires the presentation of either

a) a plot of the variation of a suitable measure of the desired baseband signal
component plus a plot of a correspondingly appropriate measure of the disturbance
introduced in the desired baseband by the interference, both as functions of the
interference ratio, or

b) a plot of the ratio of the proper measures of baseband signal and disturbance as a
function of the input interference ratio.

 



For illustration, consider a simple experiment in which an FM receiver is excited by two
signals that have different constant amplitudes and carry identifiable frequency
modulations. Assume that the frequencies of the two signals are such that if either of the
two signals is switched off, the output from the receiver will be an undistorted replica of
the message carried by the other signal. Set the amplitude of one signal at some constant
suitable value Es and slowly increase the amplitude aEs of the other from zero. The
observed performance of a conventional (limiter-discriminator) FM receiver is typically
as follows: At a = 0 one signal is completely off and the receiver output consists of the
detected frequency modulation of the other signal. As a is increased from zero, the
output will continue to be essentially an undistorted replica of the stronger-signal
message until some value of a = acap<1 is reached at which noticeable distortion in the
output begins to set in. As a is increased from acap to unity (equality of input signal
amplitudes), the observed distortion rises to a very disturbing level with unmistakable
evidence of the presence of the aEs signal. As a acquires values increasingly greater than
one, the output appears more like the modulation of the aEs signal with heavy distortion
and crosstalk from the Es signal. For a>1/acap, the output is essentially an undistorted
replica of the modulation of the aEs signal.

In the laboratory, it is convenient to modulate the signals with single tones whose
frequencies are sufficiently well spaced to enable the observer to isolate them and
measure them separately in the output. If the observed strength of each tone at the output
is plotted (in percent of its would-be value in the absence of the signal carrying the other
tone) against the ratio of amplitudes, a, the result is called a “capture characteristic.”

Typical stronger-signal and weaker-signal capture characteristics for FM receivers are
shown in Fig. 5. A medium-quality receiver, operating in the presence of co-channel
interference, is likely to have the capture characteristics marked A and A'. The amplitude
ratio acap is called the capture ratio of the receiver and it is a function of the receiver
design as well as the type of interference (co-channel or otherwise) for which it is
measured. If a stronger-signal enhancement circuit (for example one or more narrowband
limiters, or a feed-forward circuit, etc. ) is switched into the signal path in the receiver,
the A curves are transformed into curves such as the B curves. The A and B curves, of
course, continue at the 100 per cent level outside the region shown, although they are
stopped in the figure below a = acap. The introduction of a weaker-signal capture circuit
leads to characteristics such as C and C'. The C and C' curves usually merge into curves
such as the A or B curves around a = 1.

It is clear from Fig. 5 that improvements in the stronger-signal capture ability of the
receiver result in a narrowing of the capture transition range (acap<a<1/acap), or the range
of values of the amplitude difference between two competing signals in which the
receiver is unable to deliver the message of either signal without harmful disturbance
from the other.



Fig. 5 Typical capture characteristics for an FM receiver. A and A' describe
likely stronger-signal capture performance. B and B' describe
performance of same receiver with a stronger-signal-capture-
improvement operation added to its circuit.
C and C' result from addition of a weaker-signal capture device.

The presentation of the receiver capture performance may be made in another interesting
form. For illustration, capture curves for several types of receivers are shown in Fig. 6, in
which demodulator output signal- to-disturbance ratio is plotted vs. input signal-to-
interference ratio for several demodulators including linear product detectors, envelope
detectors and FM discriminators. These curves illustrate the behavior of the various
demodulators against co-channel CW interference located in the vicinity of the desired
signal carrier.

The FM demodulator capture curves exhibit better reception of the desired signal in the
presence of interference as compared with a linear receiver for the same input S/I. This
holds as long as the input S/I exceeds the capture ratio of the receiver. In the case of CW
interference, typical values of the capture ratio lie in the 1 dB to 3 dB range. For S/I
below this ratio, the output signal-to-disturbance ratio degrades quickly with respect to
the linear receiver output. When the interference is stronger than the signal, the FM
demodulator delivers an output determined principally by the interference and suppresses
the desired signal. In the case of a linear-modulation receiver utilizing a coherent product
demodulator, the output ratio of signal to distortion varies linearly with input S/I with no
strong signal capture effect or capture transition region for in-band interference.

In the case of a linear AM receiver utilizing an envelope detector, the region of S/I
around 0 dB is a region in which baseband disturbance levels are high because of the
detector nonlinearities. The result is a degradation of output signal-to-disturbance ratio
below the performance of the same receiver using a coherent product demodulator.



An illustration of the effect of different types of interference is also shown in the FM
capture curve of Fig. 6. Two capture curves are plotted for the FM demodulator
depicting the effect of CW interference and the effect of gaussian-noise interference. For
high input values of S/I, the output signal-to-disturbance ratios are equal for each case as
determined by the FM improvement. However, for low input ratio of S/I, higher levels of
output signal-to-disturbance ratio are maintained for CW interference relative to the
noise interference case. The capture transition region for the case of CW interference is
much more abrupt due to the constant-envelope feature of CW interference as compared
to the fluctuating envelope of the noise.

Fig. 6  Presentation of Capture Performance in Terms of Output
Signal-to-Total-Attendant-Disturbance Ratio

The capture performance curves, as illustrated above, provide a means of assessing
receiver performance against interference of specified location in frequency. Other
interference parameters may also be introduced in accordance with those listed in
Sec. 3.1 to plot families of demodulator capture curves. Thus, out-of -band interference
may be expected to require a larger interfering signal to produce the same measure of
output signal-to-disturbance ratio, but FM-to-AM conversion of an out-of-band
interference by the sloping IF skirts tends to broaden the capture-transition region.



Comparison of the effectiveness of various receivers in rejecting interference may be
made by observing certain characteristic shifts in the capture transition region. An
increased shift to the left toward lower values of input S/I for a given output signal-to-
disturbance ratio is thus indicative of the ability of a receiver to reject out-of-band
interference. Similarly, the effect of other parameters, such as background gaussian noise
level and front-end saturation threshold, may also be observed by noting a shift in the
capture transition region.

3.3  Receiver Signal Level Profiles

A revealing picture of receiver performance in the presence of interference and noise
may be obtained with the aid of receiver signal-level profiles. These profiles trace the
signal, interference and noise levels through the concatenation of critical functional
blocks of a receiver from the front end to the output of the demodulator, showing how a
given receiver will respond to various interference and noise conditions and how certain
failure mechanisms associated with signal levels are revealed in the receiver. The
dynamic range limitations of various functional elements and their effect on overall
receiver performance are also illustrated by the profiles.

The receiver signal-level profiles are based on specific level transfer characteristics of
the various functional receiver elements. The basic receiver model under consideration is
that of a superheterodyne receiver with a linear demodulator illustrated in Fig. 7.
Accompanying the various functional blocks in the system are specifications
characterizing the transfer processing operations of each block.

We consider first a receiver signal-level profile plotted in Fig. 8 for an unmodulated
sinusoid 10 dB above the noise floor and at the center frequency of the receiver. If we
arbitrarily assume an IF frequency of 1 MHz and an IF bandwidth of 10 kHz (i.e., 1% of
the IF frequency), the noise floor corresponding to a noise figure of Fo = 10 dB is
FokTBIF = -124 dBm. The signal input level for SNR = 10 dB is thus -114 dBm. The
noise floor of -124 dBm and signal level of -114 dBm are indicated on the profile on the
far left scale. Since the receiver is tuned to the signal, the selectivity of the various
receiver stages does not alter the signal level on the profile. This profile thus indicates
the gain factors of the various receiver stages. The preselector causes a I dB drop in
signal plus noise, while the front end RF amplifiers raise the signal level and noise level
by 25 dB to levels of -90 dBm and -10 dBm respectively, at the input to the IF amplifier.
We note that the front-end noise level at the input to the IF amplifier is 31 dB above the
noise floor of the IF amplifier. The IF amplifier noise therefore has a negligible effect on
the overall noise level and SNR. The AGC action in the IF amplifier constrains the
output level to 0 dBm, thus providing a gain of 90 dB. The corresponding IF output
noise level is -10 dBm. Unity gain through the linear demodulator yields an output SNR
of 10 dB.



Fig. 7  Principal Functional Blocks of a Superheterodyne Linear-modulation (AM,
DSB, SSB, etc.) Receiver with Indicated Illustrative Characteristics

Fig. 8  Receiver Signal Level Profile, Signal Plus Noise Condition



The profile shown in Fig. 9 depicts an interference situation in which we postulate a
high-level interfering signal within the RF front-end passband but well out-of-band of
the IF filter; i.e., such that (fi - fs)< (BW)RF but (fi - fs)>4(BW)IF,3dB. The interference,
within the passband of the front-end filters, is assumed to enter the receiver at a level of
-25 dBm, or 1 dB below the saturation level of -24 dBM of the RF amplifier
(corresponding to the 1 dB gain compression level). This corresponds to an input signal-
to-interference ratio of -89 dB. The interference plus signal and noise are processed
linearly through the receiver front end where they are amplified to levels, at the input to
the IF, of -1 dBm, -90 dBm and -100 dBm, respectively. In order for the receiver to reject
the interference , the IF filter must provide 100 dB of rejection for the interference to
suppress it below the noise level at the demodulator input. For the IF filter illustrated in
the model of Fig. 7, the selectivity is such that (BW )60dB/ (BW)3dB = 4, and 100 dB
suppression of the interference requires an interference frequency offset such that (fi - fs)
> 9(BW)IF, 3dB . The IF selectivity of this receiver has the capability of suppressing
interference to below the noise floor in the demodulator output even when the input level
of the interference is at the saturation level of the receiver (-25 dBm) within the RF
front-end passband. This capability assumes that the IF amplifier processes signal,
interference and noise linearly and that the AGC is not captured by the interference.

Fig. 9  Receiver Signal Level Profile, Signal + Interference + Noise
(Interference Below Front End Saturation Level)



Saturation of the front-end stages by a strong interference drives these stages into
operation as a front-end amplitude limiter. This causes the desensitization and other
effects mentioned in Sec. 2. With the available knowledge of the effects of an amplitude
limiter upon the resultant of two or more sinusoids plus gaussian interference, the effect
of saturation upon relative signal, noise and interference levels can be readily portrayed
on the signal-level profile. The failure mechanism of desensitization can be avoided by
providing more selectivity in the front-end stages and by increasing the dynamic range of
the receiver front-end stages. Thus, the capability of a receiver for rejecting high-level
interference may be measured in terms of saturation levels of the front end and front-end
selectivity. It is important to note that the rejection capabilities against high-level
interference within the passband of the frontend stages are not solely dictated by the IF
selectivity characteristics. It should also be emphasized that false conclusions regarding
receiver performance can be drawn from sole consideration of IF selectivity. The signal
level profiles provide a means of assessing receiver performance from several points of
view taking into account such factors as front-end selectivity, front-end saturation, noise
floors, IF selectivity and AGC range.

In general, any interference that is within the passband of the IF filters is not suppressed
by the receiver processing stages. For the case of the linear receiver model shown, the
output signal-to-interference ratio would equal the input signal-to-interference ratio
when the interference is co-channel with the desired signal. In certain cases depending
upon the properties of the signal and interference, interference suppression techniques
can be exploited to suppress the effects of cochannel interference and/or restrict its range
of effectiveness. We illustrate the capabilities of an interference suppression technique
by a specific example.

A signal-level profile for a linear, phase-coherent receiver is illustrated in Fig. 10 for the
case of a threshold signal at an input level of -150 dBm,which is 50 dB above the noise
floor of the receiver as measured in the front end bandwidth of 6 MHz. Co-channel
interference applied at levels above -120 dBm induces a failure mode in the receiver
causing subsequent processing stages to malfunction.

The signal-level profile of Fig. 11 depicts the performance of the same receiver under the
same signal and interference conditions, but with an interference suppression technique
retrofitted in stages preceding the IF stages. The operations involved in this interference
suppression technique require phase locking to the interference,followed by subsequent
notch filtering and signal restoration stages. Insertion of the interference suppression
technique results in a receiving situation in which the receiver is still able to operate for
any co-channel interference component in the -110 dBm to -50 dBm range. Above -50
dBm. the interference causes saturation of the front end with subsequent desensitization
or other nonlinear effects. In the range -110 dBm to -120 dBm, phase-locked loops in the 



Fig. 10 Signal Level Profile of Phase-Locked Receiver

interference-suppression technique are unable to lock properly and the interference is
thus not attenuated. Interference below -130 dBm does not affect receiver performance.

This practical example thus points out how signal level profiles may be used as a means
of characterizing receiver performance. The example also serves to illustrate how various
receivers with different interference suppression capabilities may be compared, using
signal-level profiles to determine ranges of interference susceptibility.

3.4  Performance Contours in a Two-Signal Plane

A particularly effective presentation that provides a “panoramic” view of the receiver
performance as a function of absolute,as well as relative,signal and noise levels is
illustrated in Fig. 12. For a specified separation of the frequency locations of the signal
and the interference, specific contours of “constant” quality of performance are plotted in
a plane in which values of the strength of one of the signals are marked along one of the
axes and those of the other signal along the other axis. The receiver noise floor is also
marked and appears as the dashed lines indicated in Fig. 12. The upper limit of the



Fig. 11  Signal Level Profile of a Coherent-Tracking Receiver
Retrofitted with Interference Suppression Techniques

dynamic range o linear operation of the presumed linear pre-demodulator stages can also
be marked as indicated. The measures of signal strengths indicated along the principal
axes can be signal amplitude, average signal power or energy per pulse (for a digital
link). The measure of noise floor would be the rms value of the noise in the appropriate
bandwidth, corresponding to axes designated for signal amplitudes; average power in the
appropriate bandwidth, corresponding to axes of signal powers; and noise power density
per Hertz of bandwidth for axes marked in signal energies per pulse. Furthermore, in
situations where different measures of signal strength are preferred (such as rms value
for one and amplitude for the other, or amplitude for one and energy per pulse for the
other) the noise floor would be measured along each axis in the manner compatible with
the measure of signal strength marked along that axis. The measures of performance
could also be any meaningful indicators required by the user. Finally, the actual units
employed for the measures of signal and noise strengths are those most appropriate to the
desired situation; e.g., dBm has become a very popular unit of signal and noise power.



Fig. 12  Two-signal Plane Presentation of Receiver Performance
Under Conditions of Interference and Background Gaussian Noise

As a specific illustration, consider an FM receiver operating in a conventional strong-
signal capture mode. If the interfering signal is assumed to be another FM signal
occupying a channel of specified frequency location.relative to the desired signal, then
the measures of signal strengths marked along the principal axes might be the input
signal amplitudes. For a specified baseband process for each signal, the measure of
performance might be the ratio of the power in the desired component in the output to
the power in all of the undesired components. In the absence of background gaussian
noise, the contours of constant signal/ (disturbance) ratio would be straight lines parallel
to the line of equal input signal and interference amplitudes. The effect of front-end
saturation that does not degrade the RF-to-IF frequency conversion process will improve
the capture of the stronger signal if no other signals are present within the RF front-end
passband. This capture improvement causes the contours to bend as shown with up to a
6 dB shift of the points parallel to the axis of the stronger signal toward the line of equal
signal amplitudes. The presence of a gaussian noise floor causes the contours to bend
away from the line of equal signal amplitudes, as the signal level approaches the level of
the noise floor. These performance characteristics are illustrated in Fig. 13.



Fig. 13  Two-signal Plane Contours of Constant Values of the Ratio
(Signal/Disturbance) in FM Receiver Baseband Output


