General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



A Space Communications Study

Status Report

September 15, 1968 - December 15, 1968

Prepared for

National Aeronautics and Space Administration

Electronic Research Center

under

NASA Grant NGR-33-006-020

Principal Investigator Co-Principal Investigator

Donald L. Schilling

Kenneth K. Clarke |

-

Associate Professor Professor

g lACCIO.ION?H.!R) ﬂ"j'ﬂlﬂ ! J /
3 v T Raymofid L. Pickholtz

§ CQ q(/”in . c)Z Assoliate Professor

(NASA CR OR TMX OR AD NUMBER) (CATEGORY)

Department of Electrical Engineering
Polytechnic Institute of Brooklyn




doory payoorT
4dousnboxg xopag o1qnoq jo drjewaydg [ ‘I1 "Sr g

-

d3111d d001 P14 0y

O——=<&F—NOILYZITVNOI-<:{ONISSII0 Yd |~<:- Av13a
1NndLno 114 BRE )

v

319VvISOMNOW
Q 32IA3Q e Y HILU3ANI

JTOHSIYHL /
% /
[T

431114 ¥4 4007 P2 HOLVY

% dWna -A@A., NOILY ZITvNO3<{ ONISSIO0¥d S AVI3a  [—<-NIWIYDSIQ O

3 ILYHOILN 174 17 YILIN 1NdNI
¥3aav 14 LA

1

;
i

0y

| Y¥3IZILNVND
—< 8 yOl0313qa[— %
3aNLINdWY




II. The Frequency Locked Loop

An analysis has been made of the improvement to be expected from
a double order Quantized Frequency Locked Loop as shown in Fig, II 1,
Such a loop essentially contains a "false hold" detecting circuit that pre-

vents the basic or lower Quantized Frequency Locked Loop from holding
on low amplitudes that do not correspond tc " clicks".

The operation of this "false™ hold removal system, illustrated in
Fig. IL. 1, is as follows: During the original holding interval, the area of
the difference between the FLL output and the discriminator output is ob-
tained, If a click had occurred, the arca of the difference at time, 1:i +t,
(neglecting the Gaussian noise and signal distortion), would be + (1 -p)2mw,
where (1 - u) is the percentage of the click area suppressed by a hold. If,
however, a "false hold" or a doublet had occurred, the expected value of

the area would be zero. Thus, if the magnitude of the output of the integrate-

and-dump filter exceeds a pre-set threshold at t. + to, a click is assumed
to have occurred. The threshold device then triggers a monostable which

generates a second holding puise to operate a second (properly delayed)
quantized FLL (the lower FLL in Fig. I 1.).

Theoretical calculations have been made which indicate that further
improvements in threshold performance can be obtained by such circuitry
over the conventional discriminator or over a single quantized second order
loop without the false hold detecting circuitry. Figure IL 2 indicates such
a theoretical improvement curve. This curve might be compared to I-3, 2, 3,
Page 81 of the FINAL REPORT PIB EE 68-0012, September 15, 1968 which
shows similar data both for a single FLL and for a phase locked loop. The
improvement at " full" deviation shown (in S/N at a C/N = 6dP) by Figure 2
over the prior FLL is approximately 4dB and over the Phase Locked Loop
is approximately 8dB. Work is now uhderway to construct such a loop and

to find out how much of these theoretical improvements can be realized in
practice,
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FIGURE II. 2, THRESHOLD EXTENSION PERFORMANCE OF A DOUBLLE
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