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mitters associated with rotating
antennas, the antenna scan rates and
beamwidths must be included in the
calculation as well as the receiver
sensitivity. An intercept study must be
used to determine the tradeoffs bet-
ween antenna and receiver parameters
for a certain set of targetted emitters. A
simple model has recently been pub-
lished which allows a straightforward
calculation of the intercept time (prob-
ability) using the above considerations
as input (Reference 4).

The following paragraphs describe
receiver types in sequence, together
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with a brief discussion of their attri-
butes. Comments of this type are sub-
jective, and specific systems may exceed
the stated parameters or avoid the
obvious problems. Nevertheless, a
general discussion offers an overview
and a compact way of viewing a large
amount of information. References are
given to supplement the limited
discussion.

Crystal Video Receivers

The typical wideband crystal video
configuration consists of an rf band-
pass filter with an optional low-noise rf

amplifier, a square-law video
detector, and a log video amplifier, as
shown in Figure 1. The combination of
octave rf bandwidth and 10 to 20 MHz
video bandwidth results in an effective
noise bandwidth on the order of 200 to
400 MHz, with the noise figure set by
the rf amplifier. Without amplification
the sensitivity is low (-40 to -50 dBm),
but can be improved (-70 to -80 dBm)
with the amplifiers. Probability-of-
intercept is excellent for sufficiently
strong signals, however, there is no
frequency selectivity or resolution. The
detection process does not preserve
phase information, so that it is not
possible to sort signals based on fre-
quency or phase modulation. The lack
of detailed information implies that a
processor may have difficulty not only
determining how many signals are
present, but also in correctly identifying
the signal type.

A possibility for improving the sensiti-
vity and selectivity is to use a tunable
narrowband filter with rf amplifica-
tion. The type of receiver that uses this
technique is called a TRF (tunable
radio frequency) receiver, but is not
common because a superheterodyne
approach enhances performance. In
this case, the sensitivity can be made
much better (-80 or -90 dBm), but at the
cost of degrading the probability-of-
intercept. The narrow bandwidth
reduces the effective density of signals.
Also, there is a better probability that a
measurement is valid, and the rf selec-
tivity corresponds to the bandwidth.
Such systems are only slightly more
complex than the wideband version,
and are often used for low-cost ESM
equipment, or as a narrowband channel
together with a wide-open receiver.
Another possibility involves sub-
dividing the rf band into sub-bands
prior to detection. In effect, this creates
a channelized receiver for which the
signal density per channel is low, but

the associated cost and complexity are
significantly higher.

Crystal video receivers form the
foundation of radar warning receiver
technology, being small and simple
enough to install on tactical aircraft.
As threat complexity and density
increase, their ability to provide
adequate notification of threat signals
is severely challenged, and has often
resulted in combined use with other
receiver types.

Superheterodyne Receivers

Superheterodyne receivers typically
consist of a tunable rf bandpass filter,
followed by a frequency conversion to
IF, as shown in Figure 2. A narrowband
IF amplifier and filter determines the
processing bandwidth, and is followed
by any of a variety of detectors. In a
narrowband configuration, the rf band-
width is typically 15 to 50 MHz, and, for
microwave receivers, the IF bandwidth
is 1 to 20 MHz. These receivers achieve
the maximum sensitivity possible
(-100 dBm) by a combination of the
narrowest bandwidths and low-noise
amplifiers. The probability-of-intercept
is low, since only a small portion of the
rf spectrum is viewed, however the high
sensitivity frequently compensates by
allowing detection of emitter antenna
sidelobes. For a scanning superhet,
performance is best against ew or high
duty-cycle emitters, and worst against
low duty-cycle emitters. The maximum
instantaneous bandwidth of the
receiver sets the search speed limita-
tion, since the receiver must dwell long
enough at each frequency to assure an
intercept from the potential signal
having the longest PRI of interest.
Search time can be decreased if a priori
information is used to avoid searching
frequencies with low probabilities of
activity. Furthermore, dwell time may
be optimized to the signal character-
istics expected within each tuner step.
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As with sensitivity, superhets also set
the standard for the available fidelity.
The selectivity and resolution are excel-
lent, limited by the IF filter and the LO
step size. Phase information is pre-
served at IF, and a selectable IF band-
width allows the choice of detector
appropriate to the signal type. Several
superhets scanning together can form
an excellent high-fidelity system for
ELINT purposes, to mention only one
of their universal applications.

Another configuration that is becoming
widely applied is the wideband superhet
receiver. In this case the rf bandwidth
is defined by a switched set of filters
(typically having 500 to 1000 MHz

6

bandwidth), followed by the usual fre-
quency conversion to IF. Typical IF
frequencies are higher than the narrow-
band case due to the increased pro-
cessing bandwidth. In this configu-
ration, all the components in the IF
amplifier, filter and detector must sup-
port the increased bandwidth. In this
case, some sensitivity degradation
arises from the wider bandwidth;
however, the probability-of-intercept is
much larger (or the time to intercept
smaller), and the receiver has the
capability of processing frequency-
agile or spread-spectrum signals.

The cost of a narrowband superhet
receiver is relatively low per unit;
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however, typical installations employ
an entire set, so that the cost per system
for narrowband tuners is comparable
to the rather high cost of a single wide-
band tuner.

Instantaneous Frequency
Measurement (IFM)

The IFM receiver employs a delay line
frequency discriminator to provide an
instantaneous indication of signal
frequency. In this receiver, a second
signal path is used to generate a signal
whose phase is offset by an amount
proportional to the incident signal
frequency. Signal frequency is then
obtained from the output of a phase
detector. The inherent dynamic range
of the phase detector is low, requiring a
limiting amplifier at the input to com-
press the amplitude of the inputsignal,
while preserving the phase informa-
tion. Two broad classes of IFM exist,
digital and analog. The analog devices
are at least conceptually simple, as
shown in Figure 3. Digital IFM devices
typically consist of a group of parallel
delay-line discriminators that instan-
taneously digitize the frequency in
increasingly fine resolution, controlling
the periodicity in the discriminator
characteristic by changing the length
of the delay line. Reference 5 contains a
detailed discussion of digital IFM tech-
niques and performance.
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Similar to the crystal video receiver, the
IFM has a probability-of-intercept
approaching 100% within the rf pass-
band. The sensitivity is limited by the
noise produced by the processing
bandwidth (-40 to -50 dBm without
limiting amplifiers, -70 to -80 dBm
with amplification). The major problem
associated with IFMs is their suscep-
tibility to errors produced by overlap-
ping pulses. The response to simul-
taneous pulses at different rf is
“somewhere in between,” and is usually
too complicated to sort out, since it
depends (at least) on the relative
amplitude of the pulses. The environ-
ment does not need very many high
duty-cycle emitters before the prob-
ability of pulse overlaps become signi-
ficant. The presence of a ew signal
assures that every pulse will be over-
lapping, and the response therefore
corrupted. Since accurate knowledge of
the rf provides such a strong sorting
parameter, much effort has gone into
improving the IFM performance in
dense environments.
One approach is to channelize the
inputs to the IFM devices. This can be
accomplished at rf by an array of
bandpass filters, for example dividing
the rf into 2-GHz segments. Three
generic possibilities can then be used:
1. Amplify at rf (approximately 60-dB
dynamic-range compression is
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needed, as shown in Figure 4A). In
this approach, the IFM modules are
different from each other, and must
work at microwave frequency.

9. Another technique is to downconvert
the channelized rf to a common
wideband IF, and perform the ampli-
fication at IF, as shown in Figure 4B.
Not only is this cheaper, but the IF
amplifiers and IFM modules are
identical, and can therefore be
matched in performance (at the cost
of a set of local oscillators).

3. A considerable savings can be
realized by band-folding the IF stage
of the downconverted channels as
shown in Figure 4C. In this case, the
IF amplifiers can be cascaded to
reduce the gain compression require-
ment of a single stage (about 60 dB)
to a more easily realizable 30 dB per
stage. In this case, the rf band is
tagged, and a single IFM module per-
forms the frequency measurement.
This approach is less expensive than
preserving individual channels, but
suffers from two drawbacks: Noise
from the entire rf bandwidth is
continuously applied to the IFM
module, which degrades the avail-

able sensitivity. Also, the band
tagging allows one to know when
two pulses are incident, but does not
prevent the [IFM from producing a
spurious output.

Microscan Compressive
Receivers

The microscan receiver is a type of
superheterodyne receiver that can
simultaneously achieve a high
probability-of:intercept for both cw and
pulsed signals. The receiver consists of
an rf bandpass filter followed by a
swept-local-oscillator conversion, as
shown in Figure 5. The IF is passed
through a dispersive filter which maps
the IF frequency into a time delay.
During the duration of a single pulse,
the LO must be swept through the
entire region of interest. The IF during
the pulse will then change linearly,
proportional to the frequency difference
between the primary rf and the chang-
ing LO. This changing frequency
signal then encounters a frequency-
dependent delay which is arranged so
that all the energy emerges from the
filter output at one time, producing a
sharp pulse whose onset time (measured




from the LO sweep start time) is propor-
tional to the rf frequency.

High POl is achieved by sweeping the
LOin a period shorter than the duration
of the shortest pulses of interest. Herein
lies the difficulty: A wide region of rf
containing short pulses implies that
the LO must sweep at an extremely
high rate, and the processor which
measures the output time must be able
to keep up with the output during the
duration of the shortest pulse. For
ELINT purposes, where many trains of
short pulses abound, the data rate from
the filter places severe demands on the
digitization and pulse processor. These
receivers typically perform better in
COMINT applications, where longer
pulse durations ease the difficulties.

The sensitivity of a microscan receiver
is similar to a comparable bandwidth
superhet, and the probability-of-
intercept can be made very high for
limited regions of rf. The pulse shape at
the output is completely altered by the
compression, and the phase and fre-
quency modulation characteristics of
the signal are highly distorted. The
selectivity and resolution are good
(limited by the ability to resolve the
leading edge of the output pulse), and
the system can process simultaneous
cw and pulsed signals. Generally, the
receivers are relatively low cost, but the
associated processor is complex and
expensive. Typical applications occur
where the high probability-of-intercept
and high resolution justify the cost and
complexity.

Channelized Receivers

Channelized receivers subdivide the rf
spectrum into segments, and simul-
taneously downconvert each channel
to a common IF. The rf breakdown is
accomplished by banks of contiguous
filters, each mixed with a fixed fre-
quency local oscillator. Each channel
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becomes, in effect, a fixed-tune superhet
receiver, and preserves the high sensi-
tivity and fidelity associated with a
superhet receiver. The brute force
approach is to place a processor on
every channel, but this leads to high
cost and volume, so that successful
implementation depends on allocating
processing power to fewer channels,
time shared or multiplexed to bring
down the number of components. The
basic architecture and operation is
shown in Figure 6.

One straightforward approach is to
channelize fairly coarsely (say in 500-
MHz increments), and use the presence
of a hit in a coarse channel to tune a
local oscillator such that the active
channel undergoes a second conversion
to an IF, where a set of specialized detec-
tion processors can analyze the signal.
For instance, an acousto-optical pro-

* cessor, microscan receiver, or IFM could

make precision measurements on the
contents of the selected channel.

The channelization schemes fall into
the same basic categories as were men-
tioned in the IFM section: Brute force
(detectors for every channel), band-
folding (where the channels are tagged
and the set of IF signals are summed),
or time-multiplexed (where the down-
stream processor is time-switched to
the channel of interest).

The sensitivity of channelized receivers
is excellent, since they consist of
multiple superhet channels, and the
probability-of-intercept can be made to
approach 100%, depending on the
degree of channelization, and the
nature of the signal processor. The
selectivity and resolution are excellent,
limited by the number of channels, and
the fidelity is again similar to a
superhet. Obviously, in a dense envi-
ronment, a channelized receiver can
produce a staggering data rate, and
sophisticated processing techniques

(such as adaptive filters) may be
required to sort for the signals of
interest. Complexity and cost can be
high, depending on the sophistication;
however, developments in SAW-filter
technology have dramatically lowered
the cost for moderate systems. A more
detailed discussion of channelizer
design and SAW technology is found in
References 6-8.

Channelized receivers provide multiple
signal-handling capability to remove
pulse overlap problems, while main-
taining sensitivity over a wide band-
width. The amount of signal processing
can be arbitrarily large, encompassing
IFM technology, acousto-optical pro-
cessing, or whatever demodulation is
necessary. The problem with chan-
nelizers is not so much limitations in
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Figure 7A. A Bragg cell receiver consists of a laser source passing through a crystal material
which is acoustically excited by an rf signal.
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Figure 7B. The laser light is scattered through an angle proportional to the ratio of the
wavelengths of light and source in the crystal. The scattered light is collected onto a

photosensitive array, which is read out electronically.

capability, but how to extract the
maximum performance within a fixed
volume, power or cost budget. These
receivers are often used in large systems
where high probability-of-intercept,
and high fidelity justify the investment.

Acousto-Optical Processors

Acousto-optical processors make use of
the interaction between a sound wave
and light propagating through a crystal
to provide spectral analysis of the
signal. Certain crystals support
acoustic waves in the GHz range, and
when a laser source is shined through
the crystal, the light beam is scattered
through an angle proportional to the
12

ratio of the wavelengths of light to
sound. The scattering angle (Bragg
angle) corresponds to constructive inter-
ference in the reflection of light from
successive wavefronts of the sonic
wave. The coherent, monochromatic
light is supplied at a fixed wavelength
by a laser, and the sound wave is
supplied by the rf stimulating the
crystal through a piezoelectric trans-
ducer. The acoustic wave affects the
index of refraction, such that the Bragg
angle is modulated by the rf. After
passing through the crystal, the light is
collected by a photosensitive array,
and read out electrically, as depicted in
Figure 7. The electrical analog to the
system would consist of a bank of

1-MHz filters simultaneously feeding a
capacitor-diode readout chain, readout
by a commutating switch.

The Bragg-cell receiving system usually
consists of a tuner or channelized front-
end supplying a Bragg cell IF processor.
The output at the photodiodes is pro-
portional to the frequency spectrum of
the applied IF, leading to the term
“Instantaneous Fourier Transform
receiver.” This system has the capacity
to process a large number of signals
simultaneously, including concurrent
cw and pulsed signals with frequency
agility. The major problem is that the
readout is difficult to arrange, and
rather slow. In the case of integrating
photoarrays, pulse width information
is lost. Sensitivity limitations and
frequency resolution are primarily
limited by the state-of-the-art in photo-
detecting arrays. Current performance
is roughly 1-MHz frequency resolution
per 1-GHz rf bandwidth.

The primary attraction of the Bragg
cell processor is that it allows a wide
portion of the rf (or IF) to be analyzed
instantaneously, while obtaining good

resolution at the output. Thus, thereis a
good deal of recent activity in this field:
To improve the photosensitive readout,
to integrate the laser with the Bragg
cell, and to improve properties of the
crystal. A discussion of a current
system is found in Reference 9.
Receivers of this type are currently in
use as IF processors, and due to rapid
advances in performance are likely to
find further applications in the near
future.

Conclusion

The major conclusion of this overview
is that there is no “free lunch.” Almost
any of the receiver performance factors
can be optimized, with corresponding
cost or complexity. The optimization
will involve tradeoffs involving not
only the receiver, but also the rf dis-
tribution and signal processor.
Generally, a careful analysis must
determine whether the system in ques-
tion can perform its job in the environ-
ment where it must operate. A summary
of the discussion is given in Table 1.

[ Wideband | Narrowband
| Crystal Crystal MNar ideband | Wideband Acousto-Optic
Video Video Superhel | Superhet IFM IFM Microscan | Channelized | Bragg Cell
Sensilivity | FoorFair | Good Excellent Gaood Poor Excellent Excelient | Excellent Good
Probability | 100% Poor Fair Better 1004 Fair 1o Good | Excellent | Excellent Excellent
of Intercept | Inband
Resolution/ | Mone Fair Excellent Excellent | hMone Good Good | Excelient Excellent
Selectivity |
Fidelity : Foor Better Excellent Good Good Good Poor Excellent Foor
Physical | Cheap Only shahtly | Low per unit | Moderate | Moderate | Moderate Complex Moderate to Variable
Simple worse than maoderate per unit expensive | high cost — | (state-of-the-
Small wideband per system can be very | art) can be
complex used as
processor in
| channelized
| system
NOTES
1 Corrupled by pulse overlaps. does not waork in dense environment
2 CWn band causes errors — works well in low density environment
Table 1. Overview of receiver performance factors.
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Footnotes

1. The pulse overlap probability can be calculated by assuming the probability that
a pulse will arrive within a specified interval follows a Poisson distribution.
Assuming a pulse density of 5 X 10% pulses per second, with an average pulse
width of 0.5 useconds produces the estimate that the probability that two or more
pulses will overlapin a given interval is 71%, and that 4 of the 5 million pulses will

be overlapped.

2. A more accurate representation of effective noise bandwidth can be derived from

Reference 2:
For Square Law Detectors:

BWesr = BWyideo 1+ [

For Linear Detectors:

BW,;
BWBH = video
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