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INTRODUCTION

This report describes progress under NASC Contract NO0019-78-
C-0131 during the third quarterly period. There are four areas of
work under this contract. The first is a continuation of experimen-
tal work, started under the previous contract, on the use of adaptive
arrays with AM and FM signals. The second and third areas involve
research on the problem of frequency acquisition in adaptive arrays
and the use of analog phase modulation for desired signal tagging.
The last area involves the preparation of a monograph on adaptive
arrays.

PROGRESS

During this quarter, work has been done in two areas as described
below:

(1) Frequency and Code Timing Acquisition

Studies on methods of acquiring frequency and code timing behind
an adaptive array have been continued. The technique being considered
involves the use of a power inversion array with a dithered loop gain.
The desired signal is biphase modulated with a PN code, and has an
unknown frequency and code timing. A coupled phase lock loop (PLL)
and delay lock loop (DLL) are used behind the power inversion array
to generate the reference signal, as shown in Figure 1. Use of gain
dithering in the array creates a time window during which the desired
signal is the dominant signal in the array output. The coupled PLL
and DLL acquire lock during this interval. After the system is locked,
the array is switched to a conventional LMS feedback mode.
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Figure 1. Dithered array with coupled PLL and DLL.

Locking the coupled PLL and DLL during the time window is done
by slewing the local Pseudonoise (PN) code in the DLL. When the timing
of the local code is aligned with that of the received code, the PLL
can lock in the conventional manner. (With the codes aligned, the
biphase modulation is invisible to the PLL.) With the PLL locked,
the input to the DLL is then a clean version of the incoming PN code,
so the DLL can then lock. For this process to work properly requires
that the time window provided by the array, and the time duration
when the two codes are aligned, be Tong enough for both the PLL and
the DLL to lock, in sequence.

The time required for an ordinary PLL to Tock is determined by
the type of loop filter used, the 1oop gain and the initial frequency
and phase errors, as discussed by Viterbil. The PLL lockup in this
application, however, differs from a conventional PLL Tockup because
of the presence of the phase switching. The PLL will first begin to
lock when the two PN codes are still slightly out of adjustment.
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A code timing misadjustment causes the loop gain in the PLL to re-
verse sign at each PN code bit transition, and this delays the lock-
upl

Analytical studies and computer simulations are currently being
done on the lockup behavior of this system.

(2) Frequency Shift Keyed Signals in Adaptive Arrays

A technique is presently being studied for using adaptive arrays
with binary frequency shift keyed (FSK) communication systems. The
technique makes use of the symbol transition probabilities in the
FSK bit stream. The bit stream is assumed to be a Markov source2
with known transition probabilities. The transition probabilities
are chosen so that transitions in one direction are more likely than
in the other (so that, for example, after a zero, a one is more likely
than another zero). With the transitions biased in this manner, it
is possible to predict from each received bit what the next bit will
be, and the result will be correct more often than not. The predicted
bit is used to generate a reference signal for the array by switching
on one of two CW frequencies for the reference signal. A reference
signal derived in this manner has good correlation with the desired
signal, and does not correlate with, say, a CW interference signal.
Simulations have been performed for an array operating with this method
of reference signal generation, and the results indicate that the
array will perform properly. This work is continuing.
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