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NOT ICES

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby Incurs no responsibility nor any obligation
whatsoever, and the fact that the Government may have formulated,
furnished , or in any way supplied the said drawings, specifications,or other data, Is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corporation,or conveying any rights or permission to manufacture, use , or sel lany patented Invention that may in any way be related thereto.

I
I
I
I
1
I

-,—

I ~ ~
~~~~w~-- ~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~ - -



UNCLASSIFIED
S E C U R I T Y  C L A S S I F I C A T I O N  OF T H I S  PA G E  ~WP,w D.i. En~.,.d)

REPORT DOCUMENTATION PAGE
I R E P o R T  NU M B E R  2 GOVT ACC ESSION NO. R F C I P I E NT ’~ C A T  A LO C .  N I I M A F  N

4 T IT LE (an d SubIlIla) 5 Ty PE OF REPORT & PERIc) C CO v E R E D

1’ 

-

. / ~uarter1y — 3/1/77 - 5/31/77
1 7’ ADAPTIVE ARRAYS FOR AM AND FM SIGNALS — ________________________—

6 P ~~ P~~~~RI&LN G ORG REPO RT NUMBER

______  ‘,J ~J E SL— 46 18-3
1 AUTH O R( . )  a C O N r C..~~O P G R A p ~ T N U M B E R .

/ ‘. . R.T./Compton , Jr/ Contract) N00019-77-C-0156 /~
9 P F R E O R M I NG  O R G A N I Z A T I O N  NAME AN D ADDRES S TO PROGRAM EI EMEN T PROJE T T A S ,’

/ A R E A  & WORK UNIT NUMBERS
The Ohio State University ElectroSc i ence
Laboratory , Department of Electrical Project #N00019-77-PR-RJOO4
Eng ineering , Columbus , Ohio 43212

II C O N T R O L L IN G  O FFICE NAME AND ADDRESS . . JL~~~ E~~P.~~T D A T E

P 
Comman d ~~~~~~ ~1L’ I~~. N U Me E RO F  PAGES

Washin g ton , D .C . 20561 — 
.~ 7 

_______

14 MO NITORING A G E N C Y  NAME & A D DRESS(I! dlll.,.nt f,o,,, Conlrofll ng Office) 15 S E C U R IT Y  C L A S S  (of thl~ ~~~~~

/ ~~~~ / 

~~ 
/ / 1 / — ~~~~ Unclassified

_____________ - • . ISa OECLAS S I~~I CA T l O N  DOWN R A O INC—~ .-., — — .- . SCHEDULE

lb D I ST R I B U T I O N  S T A T E M E N T  (Of thu. Repo,t)

APPWOVED FOR PU&M.~ iuLiaSE (,
5I$~~IUTI0N UNUMITED 0 .

,

IT DISTRIBUTION STATEMENT (of the •b.t,acf •nf.,.d In Block 20. If dIil.,.nt f,o~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

‘A S U P P L E M E N T A R Y  N O T E S

I
I9 Kr .Y WORDS (ContIrn ,e on t.~’.t.e .ld. II n.cI..arr and ld.ntlly by block numb.,)

Adaptive Arrays
Interference Rejection
Conriunications

20 AE1 PA C T  (C. .n l lnu .  on ,. ,., .. .Id. If n.ceaaary and Id.nIIly by block numb.,)

This report describes progress under Naval Air Systems Conriand Contract
N000l9-77-C-0156 duri ng the second quarterly period . Research on the problem
of integrating adaptive arrays into cor~vent1onal modulation systems is
sumarized.,

1 •
DD I j A ~4~~ 3 1473 EDITION OF ‘ NOV AS ISOBSO LETE UNCLASSIFIED

SECU RITY C L A S S I F I C A T I O N  OF THIS PAGE (B?..n Data FnICr dI

1/ ~ “ P
- / ,40’

‘7’ >~~~ 
. 

——



~1

TABLE OF CONTENTS

Pa ge

INTRODUCTION 1

PROGRESS

1 . Implementation of the AM Systems I
2. Studies on FM Modulation 6

PLANS FOR NEXT QUARTER 6 

I
\ ~~~~~~~~~~~ \  

. ..

I’Ii
____________________________ 

:
:t

~~~~~~~~~~~~~~~ ~~ I 3 ’.~~W



I
I NTRODUCTION

Th is report describes progress under NASC Contract N00019-77-C-

1 0156 during the second quarterly period . There are three areas of
work under this contract. The first involves experimental tests of
an adaptive array in an AM communication system. The second involves

I array experiments with an FM communication system. The third consists
of theore ti cal stu di es of met hods of i nte gra ti n g ada pt ive arrays in to
other types of conventional communication systems .

I The AM and FM communication systems involve the addition of a
binary phase switching modulation on conventi onal AM and FM signals.
The purpose of this phase switching is to allow the array to distin-

I guish between the desired signal and interference. Implementation of
the system with this phase switching requires an IF delay l ock loo p
for the AM system and a Costas Loop and baseband delay lock loop for
the FM system, in add ition to other mi nor circu itry .

I PROGRESS

Dur i ng the second quarter of th i s pro g ram , work has been done i n

I 
two areas , as di scussed below .

1 . Implementation of the AM System

I Des ig n wor k on the s i gnal  processin g c i rcu i try for the AM system
has been completed . All circuitry for generating and for receiving
the biphase modulated AM signal has been built and tested in breadboard

I 
form . The major effort here has involved the design of an IF delay
loc k l oop and associated signal acquisition circuitry to be used behind
the adaptive array for providin g a properly timed reference signal.

I The desired signal to be received by the adaptive array will be
generated as shown in Figure 1 . An AM signal generated by an HP-8640B
signal generator will be biphase modulated using a Minicircuits Labora-

I tory SRA-l mixer driven by an HP1930A pseudonoise code generator. The
mixer output will be filtered to 6 KHz bandwidth and then split in a
power divider to provide the array inpu t signals.

I The reference signa l will be generated by processing the array
outpu t signal in a delay lock loop. The circuitry designed for the
delay-lock loop is shown in Figures 2, 3 and 4. Figure 2 shows the
RF portion of the ioop. The 10.7 MHz array output signal is first
l imited and then split into two channels. The signal in each channel
is mixe d against a PN coded 10.6 MHz LO signal, wi th the code disp1~ cedone chip between channels. The output is filtered to retain the 100
KHz product, which is then mixed with a 99 KHz CW signal to bring the
carrier frequency down to 1 KHz. An active fi l ter with 10 Hz bandwidth
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s used to  fi 1 ter the 1 KHz Si j nal . ~ie f i l t e r  out put  on eac h channel
is then envelo pe demodulated.

F i qure 3 S hOWS the basehand c i  rc . . i ts  used to der ive  the suni and
d i f fe rence  vo l t ,iqus f rom the two chann e ls  in Figure 2. Fiq ure 3 a l so
shows the c i r~.~ itry used to compare the sum vo lt aqe to a threshho ld
and to provide t h e  VC O w i t h  a slewin g voltage when the sum output is
below threshho l1 .

Figure 4 snows the VCO and the digital circuitry used to generate
two PN codes separated by one chip. These two diq i t a l waveforms are
biphase modulated on two 10.6 MHz CW signals with S~~-1 II 1/er s to pro-
vide the two [.0 si gnals used at the first mixers in Fi q ’~re 2. The
jiq ital circuitry in Figure 4 also generates a third PN code timed
half way between the other two codes. Thi s code is hiph ase modulated
on a 10.7 MHz CW signal to provide the reference signal for the adapti ve
array.

2. Studies on FM Modu lation

Studies oejun under tue ~rcv io us  LcIr I ~~ r I ~ C t ‘ ‘.PUfll9-76-L-01 95) on
the performance of an adaptive array with b’ipha se : .odjlated FM signals
have been completed. A report* has P”en wt ’ i tten snowi fl~~ the rajor
results of this study . Unlike tee case with AM . i t is clea r that with
FM it will he necessary to include an e~t~niate o f the information
modulation in the reference si gnal . To do this will require a Costas
Loop demodulator and a baseband delay lock loop at the array output ,
as shown in Figur e 5. El iminating the Costas Loo: estimation appears
to be feasible only for narrowband FM . The report contains necessary
design information on the tradeoffs between modulati on delay, frequency
deviation , code delay , and frequency offsets .

PLANS FOR NEXT QUARTER

During the next quarter , the circuitry described above for the
AM system w i ll be built in finished form . Testing of the adaptive
array performance with AM signals will then be stirted . Also , during
the next quarter , design and breadboard testing will be started for
the components needed in the FM system -- the Costas Loop and Delay
Lock Loop required for reference signal generation .

*I .K. Lao and R.T. Compton , Jr., “Ada ptiv e Array Performance with Coded
FM Sig n a l s ,” ESL Report 4618-2. In preparation .
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I GENERATOR

I REFERENCE TIME SHIFT
SIGNAL.’~ PU) 1+12

I Figure 5. Reference signal generation loop.
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