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~~~~~~ I ODUCTION .

I This report describes progress under NASC Contract P100019-77-C-
0156 during the fourth quarterly period. There are three areas of work
under this contract. The first Involves experimental tests of an adap-
tive array in an AM coimiunication system. The second Involves array
experiments with an FM consnunicatlon system. The third consists of theo-
retical studies of methods of integrating adaptive arrays into other
types of conventional co.mnunication systems.

I The AM and FM co.miunication systems involve the addition of a
binary phase swi tching modulation on conventional AM and FM signals.
The purpose of this phase switching is to allow the array to distinguish
between the desired signal and interference. Implementation of the
system with this phase switching requires an IF delay lock loop for the
AM system and a Costas loop and baseband delay lock loop for the FM

4 system, in addition to other minor circuitry.~~~

IT PROGRESSC II
During the final quarter of this program, work has been done In

three areas, as described below.

U 1. Implementation and Testing of the AM System

The brassboard model of the delay lock loop used for reference
U signal generation has been completed and tested. Figure 1 shows a

photograph of the completed delay lock loop and reference signal cir-
cuitry. This equipment has been added to the adaptive array processor,

U shown In Figure 2, and a variety of tests of array performance have
been performed.

Figures 3—6 show typical experimental results. In these tests,
a desired signal 3 dB above thermal noise arrives from broadside. A
CW Interference signal arrives from off broadside with a progressive

p 600 electrical phase shift between elements. Figure 3 shows the array
output desired signal power, Figure 4 shows the array output Interfer-
ence power, and Figure 5 shows the array output thermal noise power, S

I 
each as a function of the input Interference power. FIgure 6 shows the
resulting output signal-to-interference-plus-noise ratio. These and

p other data will be the subject of a technical report on the AN system.

2. StudIes on Dynamic Range

I As a result of the experimental work on the AM system described
above, a study is being done of dynamic range in the adaptive array.
The purpose is to determine the optimum signal levels, allocation of

! 
loop gains, etc. to maximize dynamic range In an LNS adaptive array
with practical equipment limi tations (multiplier offset voltages, inter—
modulation distortion, etc.). A technical report will be prepared on
this subject.
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FIgure 1. Reference signal generation circuitry.
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Figure 2. AdaptIve array processor.
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Figure 3. Output desired signal power.
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Figure 4. Output interference power.
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Figure 5. Output thermal noise power.
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3. Implementation of the FM System

Design work has been started on an FM reference signal generation
system. This system operates as shown In Figure 7. A baseband delay
lock loop is Interleaved wi th a phase lock loop in such a way that both
code timing and FM frequency can be acquired . The lockup procedure is
to slew the delay lock loop slowly enough that the phase lock loop,
which has a wide bandwidth, can acquire frequency during the time inter-

- val when the incoming and local codes are synchronized. Acquisition of
frequency by the VCO then allows the delay lock loop to latch.

S S BASEBAND
DELAY LOCK

- LOOP

O~!T~JT 14 LIMITER j ~~~ t i.4~J~ ~II{FILTER
H vcoi-’.

REFERENCE ~~SIGNAL

Ii 
Figure 7. FM reference signal generation.

PLANS FOR NEXT QUARTER

Measurements of the performance of the AM system will be completed
F during the next quarter, and the results will be documented. Al so, de-
P sign work on the FM reference signal generation circuitry will be con-

tinued. Finally, a report on system dynamic range will be published.
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