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Foreword

This momorandvm covers oply a small phase of the problem
of instrumentation for signsl enhancement research and hes
been prepared primarily for ianternal distribution to aid
otherg at NEL who may be intarested in rslsted problems,
Only a limited distribution outside of the Laboratory is

csontaemplated, Work te June 1655 is covered,
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AN AUTCMATIC RECYCLING MULTIPLE SAMPLER

by
%, C. Westerfield

Introduction

———-—‘—"_>In many problems in communication or data analysis some
type of speed-up of gignal processing is desirable, This
speed-up nay be accomplished by multiple- processing devices
where several processing units are operated in parallel or
by signal speed~up devices in which the information bearing
signel is sped~up so that the multiple~processing operations

can be carried out gerially by a single processing unit.
rocessing s el

The/ speed=up might also be accomplished by a combination of signal

speed-up and muliiple~processing devices, A delay line
memory using a quartz ultrasonic dslay liae provides ome
means of accomplishing the signal speedmup.l In this device,

1, MFL Progress Report, Jan-March 1954, vp. 17-22,

known as the DELTIC (Delay Line Time Compressor), successive
samples of the signal are fed into the delay line after the
previocus sample has passed through and been recycled into the
delay line a second time. The samples in the output of the
delay line are thus in coriact sequential order tut are com-
\ pressed in time by a factor depending on the relation between
the sampling period ard the delay time of the memory unit.
"\%The purpose of the present paper is to describe a similar
i dovice in which a binary shift register is used for the memory

unit, 3




Description of the Automatic Recycl Multiple Sampler

As may bae,seen {rom the block diagram, Figure 1, the
circuitry of the Automatic Recycling Multiple Sampler is
relatively simple.

Low Freq, Limiter - Pulse uancy
Input £ D
-
Sampler L¢ Master pulse
X Gener
4
Selector r& Binary Shift .
>—{ Rogister, R Stages |7 lmtput’\_..
N

Figure 1. Block Diagram of Autcmatie Recycling Multiple
Sampler.

The functions of ths limiter, sampler and selectar may be
combined intc a single wit. They are separated in the bloek
dlagram to simplify the discussion of the operation, The
pulse frequency divider may be eny unit, such as a preset
counter for example, which will recycls and emit a pulse
after receiving a predetermined number N of pulses from the
master pulse generator. The binary shift register for example
may have R = N = 1 stages for ors mode of operation. The
sampler and selector are driven bty the pulse frequency divider
at the rate (¢/N)pps, vhile the binery shift register is
driven by the master pvlse generator at the rats of ¢’ rps.
Additional pulse shaping, impedsnce matching, and power anplie
fior units may be necessary to mske. the pulses from the pulse
generator operate the sampler, selector and shift register
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reliably but these may be considered as incorporated in either
the driving or the driven un:‘.";.s, so ne special blocks are
required for these functions in the block diagram,
Operation of the Automatic Recycling Multiple Sampler

With R = N = 1 stages in the binary shift register the
Automatic Recycling Multinle Sampler operates in a manner
similar to that described for the DELTIC, A limiter is indi-
cated on the input to the sampler to insure binary type
samples. With the pulse frequency divider set to recycle and
emit a pulse on the Nth count from the master pulse generator
each #ime, the seclector will accept N = 1 samples from the
output of the binary shift reglster and recycle them into the
shift register. The Nth sample from the output of the shift
register vill bs rejected however and a sample from the
sampler will be substituted. N ~ 1 counts later this sample
will be recycled into the shift_reglster and on the next
count a new sample from the sanpler will be fed into the shift
register, ete. After IR = N(N - 1) counts the shift register
will be fllled with counsscutive samples from the input signal
but the iaterval betwaen succossive sanples on the output of
the shift register will be less than that on the original
signel by a factor of 1/N. It follows that all frequencies
less than %/2N will have been increased ty a factor N, This
sped-up output of the shift register ies rspeated each time
the shift register recycles, the only change being that the
oldest sanple is dropped each time and a new sample added so
that during any recycling period the output of the shift
register consists of the N - 1 most recantly received samples

3.




of the incoming sigmal.

Other modes of operation are possible with the Automatie
Recyeling ultiple Sampler. For example, if R = N + 1 stages
are used in the shift ragister the output will be sped-up in
the ratio N to 1 but tha samples will be inverted in order so
that the signal will be effectively reversed in time. Or, as
anothor mede of operation the shift register could contain
R = 2l - 1 stages., This mode of operatior would separate the
odd from the even numbered samples so that the latest N = 1
odd numbered samples would appear on the cutput folleowed by
the latest N - 1 even numbered samples, etc, One might also
take R & (N = 1)/, that 1s ¥ « MR 41, where R as before is
the numter of stages in the shif't reglster and ¥ is an integer.
For this last mode of operation the shift register would re-
cycle repeating its output (a sequenes of the R latest samples)
M times before the colector dropped the oldest sample and add-

ed a new one, It would then repeat the now sequence U times,
etc, With Nz MR ~ 1 the samples would be recycled through
the shift reglster in inverse order M times bafore the selector

dropped the oldest sample and added a new one. i
|

Discussiocn ;
The chief advantage of tha /RNS over the DELTIC unit is “

perhaps the absolute lock in synchronization which is possible
in the shif't register type of time delsy mit. With the pulse
frequency civider set to recycle om a comnt of N, ¢ may be
varied over a fairly wide range without upsetiing the operation

of the ARMS unit, There is also the possildlity of utilizing
this feature to lock the ARMS wmit in synchronization with
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the other associated equipment. With the units operating
proparly, fairly wide variations in power supply voltages may
oecur glso without affeciing the synchronization.




