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MULTIPATH-TOLERANT DIGITAL SIDELOBE CANCELER
[Unclassified Title]

INTRODUCTION AND SUMMARY

(C) This report describes a new approach to coherent sidelobe cancellation that is
being developed for test on the AN/SPS-49 radar. The new system converts the radar and
four auxiliary intermediate frequency (IF) signals to digital data in inphase "I" and
quadrature "Q" form. Each signal is then passed through digital fast-Fourier-transform
(FFT) circuits to subdivide the receiver passbands into eight contiguous subbands. These
subbands are then commutated into open-loop digital cancelers [1] connected in the
auxiliary-signal-preprocessing configuration [2]. These cancelers employ the optimum
weights to minimize any interference entering the radar sidelobes and are independent of
the power level of the auxiliary signal. The cancelers have zero settling time and can
remove both barrage jamming and signals from false-target repeaters. The output from
these cancelers is then decommutated and passed through an inverse fast-Fourier-transform
(IFFT) circuit to regain the original signal bandwidth with interference removed.

(C) The bandpass subdivision into eight subbands permits the cancelers to use eight
phase and amplitude weights to force a match of the radar and auxiliary receiver pass-
bands. This eliminates critical tuning of the receivers and permits the cancelers to accom-
modate multipath phenomena and bandpass mismatches.

(C) The open-loop digital cancelers take advantage of the fact that the optimum
weight is obtainable from the input data if circuit drifts are eliminated via digital process-
ing. The system accommodates multiple sources of interference by employing auxiliary-
signal-preprocessing and series-connected cancelers that eliminate the requirement for
feedback as used in conventional parallel-loop systems. The weight derivation employed
in these cancelers provides the proper weight to cancel interference on the first sample of
the interference. The performance of these cancelers is independent of the auxiliary-signal
power level, and larger jammers cannot prevent cancellation of signals from small jammers.
In addition, since no closed loops are used, the system is unconditionally stable.

(U) Fabrication of this system will be complete in September 1977, and initial tests
are scheduled on an SPS-37A radar at the Chesapeake Bay Division (CBD) of the Naval
Research Laboratory (NRL). The system will then be connected to an AN/SPS-49 radar
for evaluation in the fall.

Manuscript submitted June 10, 1977.
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BACKGROUND

(C) Conventional coherent sidelobe cancelers (CSLCs) are subject to many problems.
The most important problems are the:

"* Critical bandpass match required between radar and auxiliary antennas and

receivers,

"* Sensitivity to multipath phenomena,

"* Proportionality of the loop gain to the auxiliary-signal power,

"* Tendency toward instability,

"* Large dynamic range required, and

"* Slow response.

(C) The bandpass match is a problem because a CSLC loop can employ only one
phase and one amplitude weight on any auxiliary signal prior to subtracting it from the
radar signal. If the radar and auxiliary passbands do not match, poor cancellation results.

(C) The sensitivity to multipath phenomena stems from the wide bandwidth of the
radar receiver and the large difference in gain between the radar mainlobe and the auxiliary
antenna. Wideband interference reflected into the radar's mainlobe by a local scatterer is
decorrelated from that entering the auxiliary antenna directly, and the interference enter-
ing the auxiliary antenna via the scatterer is too small to be used by the adaptive loops.
In effect the local scatterer can be considered to be a mainlobe jammer against which
conventional CSLCs are powerless.

(C) The proportionality of the loop gain to auxiliary-signal power causes the CSLC
system to concentrate on strong interference and to essentially ignore weaker yet
significant interference. In addition, to insure stability, the internal loop gain must be
kept low enough to accommodate all expected interference levels. Thus the loops cannot
optimally suppress interference.

(C) The tendency toward instability is caused by the CSLC loops being closed in
parallel (loop-to-loop interaction) and by the gain dependence on auxiliary-signal power
level.

(C) The requirement for a large dynamic range is caused by the parallel-loop
arrangement and correlation between the auxiliary signals in a multiple-loop system. Each
loop can introduce components that another loop tries to remove. Thus the loops have
to buck each other and often have to employ weights significantly greater then unity.

(C) The slow response is introduced by the parallel-loop arrangement used in con-
ventional sidelobe cancelers. The system settles via loop-to-loop feedback through the
narrow-band correlating filters in each adaptive loop.
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(U) All of these problems are solved in the new system developed by NRL and
described in this report.

SOLUTIONS OF PROBLEMS

Solution of the Bandpass Mismatch Problem

(C) The bandpass mismatch problem was solved by dividing the radar and auxiliary
receiver passbands into eight reproducible contiguous subbands via digital fast-Fourier-
transform (FFT) circuits and commutating these subbands into digital open-loop
cancelers. This bandpass subdivision permits the canceler system to employ eight phase
and amplitude weights to force bandpass match.

Solution of the Multipath Problem

(C) The multipath problem due to the short autocorrelation time (r = 11B) of
jamming that fills the radar passband (B) was solved by the same system that solved the
bandpass mismatch problem. The bandpass partitioning into eight subbands increases the
autocorrelation time of jamming entering the cancelers by a factor of eight. This insures
that any significant multipath signal entering the mainlobe of the radar antenna will be
correlated with that signal entering the auxiliary antennas directly.

Solution of the Loop-Gain Problem

(C) The problem of loop gain being proportional to auxiliary-signal level can be
solved if open-loop cancelers are employed. Such open-loop cancelers are possible with
digital techniques, since digital processors do not drift with time, temperature, etc. Such
drifts force conventional analog cancelers into closed-loop operation, and this closed-loop
operation brings about the dependence of loop gain on auxiliary signal power.

(U) Figure 1 is an equivalent circuit of a conventional closed-loop canceler. The
main signal M, auxiliary signal A, and residue signal R are complex numbers. The loop
operates to form

R =M-WA, (1)

where the weight W can be seen from Fig. 1 to be

W=GRA* (2)

in which A* is the complex conjugate of A, G is the gain built into the loop, and the bar
denotes averaging performed by the low-pass filter F. Multiplication of both sides of
(1) by A* and averaging yields

RA* = MA* - G RA* AA*. (3)

CONFIDENTIAL3
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(U) Fig. 1 - Conventional closed loop. M is
the main signal, A is the auxiliary signal, R is
the residue signal, A* is the complex con-
jugate of A, F is a low-pass filter, G is the
gain built into the loop, and W is the weight.

From (2) and (3)

W MA* - WAA*.

Separating terms in (4) results in

W+-X-•-+AA]= MA*

and solving for W yields

GMA*
1+GAA*

If G AA* is large, the closed-loop weight approaches

W_ = AA* = Wopt,
XAA*

where Wopt is the optimum weight. The weight W in (5)
G AA* approaches infinity.

is always less than Wopt unless

(U) Reference 1 noted that Wopt in (6) is obtainable from the input data M and A

if driftless processors (digital processors) are employed and suggested the canceler

illustrated in Fig. 2. In this canceler the inputs are digital words describing the inphase

CONFIDENTIAL
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MA *

FI_-

R = M -WA

(U) Fig. 2 - Digital open loop

(I) and quadrature (Q) components of the sampled received radar and auxiliary signals.
Since I and Q are used, the signals can be sampled at the radar bandwidth B without
losing information. The averaging of MA* and AA* can be done by adding two or more
samples of the data as shown and dividing the sums to form

MiA" + Mi.IA"+1
W i+1  = _____+ ______

AiA7 +Ai,~
(7)

where i refers to the ith sample and i + 1 is the next sample. In this form, W is obtained
from a sliding window.

(U) The canceler illustrated in Fig. 2 determining W from two samples was tested
on a computer using random-number generators to provide the inputs. The main signal M
was composed of two uncorrelated parts, jamming and thermal noise, and the auxiliary
signal contained jamming correlated with that in the main signal and thermal noise
uncorrelated with the jamming and the thermal noise in the main channel:

and

Mi = Ji + Nli

Ai =KJi +N 2i,

(8)

(9)
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(U) Fig. 3 -- Response of a digital open-loop canceler to
, jamming 50 dB above thermal noise in both the main and

auxiliary channels.

where K was a constant complex number and Ji, Nil, and N 2 i were independent com-
plex random numbers that changed from sample to sample. Figure 3 is the result
obtained with IKI = 1, 1HI-= •T& Z, and -iR i 05I•-T, where the bars denote sta-
tistical averages. It is important to note that the jamming canceled down to the thermal
noise on the first sample containing jamming, which was sample 1.

S(U) The instantaneous response of this loop can be understood by referring to the
definition of W in (7). If jamming starts on sample i + 1 with magnitude much greater
than the thermal noise, then

MiAi «: Mi+1Ai+~1  (10)

and

Therefore

*~1 A+ Ai+1

0i- Li-

and

R(+U Fig. + - WR+e Ai+n = a digital - 0. (13)
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(U) Fig. 4 -- Same case as Fig. 3 except that a signal 20 dB
below jamming is inserted every 10th sample starting at
sample 200.

(U) Figure 4 is the same case as that in Fig. 3 except that signals 20 dB below
jamming were inserted in the main channel for only one sample at a time every 10th
sample starting at sample 200. The canceler canceled the jamming down to thermal
noise and left the signal detectable.

Solution of the Instability, Large-Dynamic-Range,
and Slow-Response Problems

(U) Solution for the problem of the loop gain being proportional to auxiliary-signal
power also solves the problems of tendency toward instability, large dynamic range, and
slow response.

(C) This solution represented by the open loop canceler cannot go unstable, because
it is not a closed loop. It also cancels the first sample of jamming to arrive at the radar
and auxiliary antennas. Thus this canceler can effectively replace sidelobe blankets in
removing false-target repeaters entering via the radar sidelobes.

(C) The open-loop canceler cannot be used in a parallel canceler arrangement to
handle multiple jammers, since it does not employ feedback. However a better configura-
tion is avail-able in the form of an auxiliary-signal-preprocessing system such as that shown
in Fig. 5 [2].

(C) In this configuration cancelers decorrelate the auxiliary signals before they
cancel jamming from the radar signal. This eliminates the need for the parallel-loop
arrangement and allows the multiple jammer canceler system to settle in the time
required for one canceler to settle. No canceler has to buck another, and recirculation
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M AI A2
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(C) Fig. 5 - Auxiliary-signal-preprocessing system with three
auxiliary signals

through narrow-band correlators is not employed. This also aids in solving the dynamic-
range and slow-response problems.

(C) Figure 6 is a computer simulation of a two-auxiliary-canceler operation
employing open-loop cancelers averaging two samples and using auxiliary signal preprocess-
ing. In this case, two uncorrelated jamming signals J1 and J 2 were employed with J-I =

102•1J 1. The phase of J1 in the auxiliary channels 1 and 2 with respect to that in the
main channel was taken to be 0 and 140 degrees respectively, and that of J 2 in the
auxiliary channels 1 and 2 with respect to that in the main channel was taken to be 180
and 0 degrees respectively. The magnitude of J1 in the auxiliary channels was taken to
be equal to that in the main channel, and the magnitude of J 2 in the main channel was
taken to be 0. In addition, independent thermal noise signals were introduced into the
three channels 100 dB down from J1 and signals 20 dB down from J1 were inserted in
the main channel every 20th sample starting at sample 200. The system canceled the
jamming down to thermal noise level and left the signals detectable.

NEW CANCELER SYSTEM

(C) The new coherent sidelobe canceler system (Fig. 7) converts the radar and
auxiliary signals into inphase (I) and quadrature (Q) digital data prior to processing. These
digital signals are passed through fast-Fourier-transform (FFT) networks that divide the
radar and each auxiliary receiver passband up into n parallel subbands. These subbands
are successively commutated into a digital open-loop canceler system connected in the
preprocessing configuration. Each open-loop canceler employs an n-way commutated
digital memory (Fig. 8). The dwell time on each subband is the reciprocal of the radar

CONFIDENTIAL

CONFIDENTIAL

8



CONFIDENTIAL

Io
U)

no.

U) -

Ctf

U) )

NRL REPORT 8145
C.:

C,-,

4-',-

(C) Fig. 6 - Response of a two-auxiliary-
canceler preprocessing configuration to
two jammers
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(C) Fig. 7 - New coherent sidelobe canceler system
(CDAL = commutated digital adaptive loop)
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OUTPUT = R IM-WA

(C) Fig. 8 - Commutated digital adaptive loop

bandwidth B, and the sampling rate of each subband is B/n which preserves all informa-
tion. The output of the canceler system is decommutated, passed through an inverse FFT
(IFFT), converted to analog I and Q video, and reformed as an intermediate frequency
signal with jamming removed.

CANCELER STATUS AND PLANS

(U) Instrumentation of the new system will be complete in September 1977. It
will then be initially tested on an AN/SPS-37A radar at the Chesapeake Bay Division
(CBD) of NRL. This radar is presently equipped with a conventional three-loop analog
canceler system manufactured by General Electric, so that three auxiliary signals will be
available. The equipment will then be moved to an AN/SPS-49 radar with four auxiliary
receivers for final evaluation in the fall or winter of 1977.
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