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- INTRODUCTION
Instyumentation studies foy signal-processing systems have led to a pro-

¥

posed device, called a Sequential Matched Filter,™ which requires a special

iz, ©. Westerfield, NEL LORAD Suwmmary Report No.698, Article 27. "Digital
Techniques for Rapid Processing of Signals," page VI-35,

‘adaptation of a digital shift register. A shift register consists of a linear
array of n one=bit registers contalning n bits of stored information
which are moved forward one bit register upon the acceptance of each new
gample to bs stored. New samples are fed serially into the array. A conven-
tional shift register shifts the n bits of information simultaneously at
the sample rate; however, in the applicationunder considerstion here the
desired operation is to handle only one bit of information at a time. The
forward transfer of all n bits of information is effected by transferring
the information in only one bit register at a time beginning with the nth
register and successively transferring the information in the (nml)ﬁh, the
(n~2)th, ete. until all n bits have been transferred one position. This
latter operation is hereafter called sequenticl shifting.

This technical memorandum proposes three possible solutions to the problen
of instrumenting a sequential shifting register for use in a sequential matched
filter,

Bit Register Elements for use in Matched Filters

Although many types of bi-stable storage elements are available for digital
shift registers, as far as the outpuls are concerned they can be divided into
two general groups with the following characteristics:

Group 1 - The output of this group changes from one stable level for a
stored "1" to another stable level. for a stored "O". In storage devices of

this type (i.e. vacuum tube and transistor flip-flops) two outputs are




available which we will call*a’and"p.” If a "1" is stored in such z device
the ‘a” output will be at a high level and the “b” at a low level while s

stored "O" will reverse this condition and give a low level at 'a’ and a high
level at 'b. This is the type output required in matched filter applications.
Group 2 - The output of this group is produced by the transition from one
stable state to the other., Thus the output is a pulse during the transition
period and no output at all other times. As used.in shift registers, the
pulse produced by the transition from the "0" to the "1" state is blocked
from the output; leaving only an output pulse during the transition from the
"1" to the "O" state thereby indicating the transfer of a stored “one'.
Storage elements of this type (magnetic cores, ferro-electric cells, etc)
thus have only one output available which produces a positive (or negative)
pulse for a stored "1". To use this element in a matched filter two shift
registers are necessary, one carrying the signal (positive or "1" signal
register) and one carrying an inverted signal (negative or "O" signal register).
Thus the positive signal register produces a pulse in the output for each "1"
in the signal input and the negative signal register produces a pulse in the

output for each "0" in the input signal,

Possible Solutions for Sequential Shifting

Type 1 -~ Double shift register

The most direct solution;, however not necessarily the easiest, would be
to generate periodic pulses which could be applied in order to the proper one-
bit register of the sequential shifting register. Such a pulse generator
could be instrumented from a conventional shifting registér made to transfer
and recirculate a single "1". Upon the transfer of this "1" into a stage of
the conventional register a pulse shaping network would produce an output in

the form of the pulse necessary to transfer the information in one bit register
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of the sequential shifting register, The conventional register would have

one stage shifting cach stage of the seqguential register and thus after ths
11" has transferred through the entire conventional register each stage will
have pulsed ths corresponding stage of the sequential register and all the
information will have been transferred forward one place. A rceirculation
loop restores the "1" to the initlal one-bit register and the scquence of
pulses is repeated. This system is illustrated in Figure 1 where the conven-
tional register is labeled shift register #l and the sequential shift register

being driven is labeled shift register #2.

Reecirculation Loop

Shift pulse input

| 1 1 )¢ & g
& ; i 3
$ n |n-l ..o Shift Reg #1 2 L& :
i P
}nformationE L 2 eso Shift Reg #¢ oo n=1 |n
I J k <] outpgg4>

Figure 1
It is apparent from Figure 1 that the "1" circulating in the conventional

register transfers in the opposite direction to the desired information flow
in the sequential shifting register.

In this type operation the shift pulse repetition rate must be n times
the rate at which new information is fed into shift register #2, Thus for an
input information rate of 400 bits per second and a 2000 stage shift rcgister,
the shift pulse repetition rate must be 800,000 pulses per second.

The disadvantages of this system are that the driving register must be as
long as the storage register and the shift pulse repetition rate must be very

high.
3.
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Type 2 - Conventianal shift Repister operalted in Series Parallel

Some of the disadvantages of the type 1 sequentially shifted shifting

register can be overcome by the mode of operation shown in Figure 2, Yhis
system consists of three sets of shift registers, (1) a control register with
a recirculating "1", (2) a set of n information storage registers each con-
taining m stages, and (3) a high speed output shift register. All registers
are of the conventional simultaneous shift type. "The operation of this system
can be illugtrated as follows: when the "1" in the control reéister enters
stage #1 a pulse is generated and fed to the shift bus of storage register "a"
this causes the information in each stage of register "a" to be transferred
one stage forward and also into the corresponding stage of the high speed out-
put register. Thus immediately after the 15U shift pulse the 1%% to mth bits
of information will be in the 1°% to mtP stages of the high speed output

register and the 279 to m! bits of information will be in the a;”

e anpth
stages of shift register a, the ath stage containing no information.

Before the control register is shifted again the high speed shift register
is shifted m times transferring all the information into the output circuit
and leaving this register cleared. Between the mbh and (m$1)th shift pulses
of the high speed shift register, the "1" in the control register is shifted
into stage #2 and the pulse generated is applied to the shift bus of register
b. All the information in register b is shifted forward one stage and also
transferred into the corresponding stages of the output. register. In the
forward transfer the bit of information in the b;, stage of register b is
transferred into the a, stage of register a and stage by is left with no
information. The (m+1)'M to 2m*! shift pulses of the high speed register now
shift the information into the output circuits. This process is continued

until all the information in the register has been shifted forward one stage
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and also into the output circuit via the output register. 4s the information ﬁ
in register n is shifted forward, a new bit of information is added in stage
Nmo The output of the high speed register is a continuous streem of binary

information;, determined by scanning and reading the c.ndition of each stagze

of the storage register after a new bHit of information has been added to the
register.

A type 2 shift register using an input information rate of LOO bits per
second and a storage register of 2000 stages could be instrumented with
ns=5 and m = 40 (i.e. 50 shifting registers of L0 stages each). This means

that 40 bits of information could be shifted simultaneously and that the 50

sets of 40 bits are shifted in succession. During the interval between the

introduction of new bits of information into the storage register all 50 sets

must be shifted in succession. This requires 50 pulses in E%ﬁ seconds or
a shift pulse repetition rate of 20,000 pps on the control register. The |
high speed output register will require z shift pulse repetition rate m

& times as high or 800,000 pps., ‘ihe advantages of this mode of operation are
(1) only a relatively short high speed register (40 stages) and only a 50

stage control register are required, and (2) the storage register and control

register both operate at relatively low shifting speeds.
Type 2a
Storage registers which have a non-return to zero output for a series of
; ' "1s" reguire some form of steering gates to transfer the information from the
desired storage register into the output register. Figure 3 indicates one
f possible solution to the problem. LEach stage of each storage register is
; coupled to the succeeding stage of its own register and also to the correspond-
ing stage of the high speed output register by identical steering gates.z

2, B, Allen and F., J. Smith, NEL LORAD Summary Report No. 698, Article 25,
"PseudoRandom Noise Generator (PRNG)," page VI-9.

50




The shift pulse which is applied to only one of the n storapge registers
shifts all the informaticn forward one stage in the register and szlge trans-
fers the information from each stagze of that particular storage register into
the corresponding stage in the high speed output register. This operation
would require that a oulse of short enough duration to properly transfer the
information into the high speed register would also shift the low speed
register,

Type 2b

If the storage registers are magnetic core or ferro—electric shift registers
whose outputs are very short pulses for a stored "1" the steering gate need be
only an isclating diode or resistor to prevent interaction between “he one-bit
registers, If the output pulse length is greater than the interval between
shift. pulses on the high speed output register, a high speedvhnd"gate(strobe)
will be necessary so that the information can be transferred from the storape
registers to the output registers between two consecutive shift pulses of the

high speed output registers.

Magnetic Core Matrix Operated as a Sequentially Shifted Shifting Register

Since in a sequentially shifted shifting register the information is
handled one bit at a time it scems feasible to use magnetic core matrix memory
techniques to store the information. Figure 4 shows a diagram of a core matrix
instrumented to operate as a shift register; it consiets of two matrices which
are identical except for the output signal sense lines. Each matrix has five
windings, the two coincidence current read-write lines, the inhibit line, the
signal steering sense line and the output sense line., The read-write control
circuits are not shown but Chart 1 shows the pulsing sequence of the read-

t

write busses. The information is sampled and feed intoc the n h stage of each

6,




register and the shifting operution can be seen from the rcad-write pulse

sequence and Figure 4. The new information sample is read into the inhibit
amplifiers as the oldest bit of information is being read from core #1 of

the matrix. The next write pulse traunsfers the information from the

inhibit amplifier into core n. The second read pulse transfers the informa-
tion from core #2 to the inhibit amplifier and the second write pulse trans-
fers it into core /1. Thus after n read and n write pulses all of the
information has been shifted forward one core in the matrix, (i.e. information 4
bits 2 to (n*l) now cccupy cores 1 to n), During this transfer of information
each bit of information stored in the cores threaded by the output sense line
appears in the output circuit.

18 seen in Figure 4, the pattern of the threaded and unthreaded cores in
the negative matrix is the inverse of the pattern in the positive matrix and

the signal stored in the negative matrix is the inverse of that stored in

sy

the positive matrix., Under these conditions if the signal in the positive
matrix is coded such that all the threaded cores carry a "1" and the unthread-
ed cores carry zeros at a given instant, the combined output of the positive
and negative matrices will be a continuous stream of n '"1s" when the
information is shifted one core forward in the register.

For this moda of operation the period of the rcad-write cycle (for one

core) must be less than Srin where S, is the sampling rate and n is the

number of cores in the matrix. If the sampling rate is 400 bits per second

and the matrix has 2000 cores the read-write cycle must be less than E}—B—

. or 1.25 B second. This is approximately four times faster than presently

available cores matrices.




Series-Parallel Opevated Matrix Sequential Shift Register

A system for increasing the effective operating speed of the matrix shift
register is shown in Figure 5. It consists of a gset of m positive signal
matrices of n cores each and a set of m negative signal matrices of n
cores each, wiith thelr associated inhibit amplifiers, signal stesring sense
lines, output signal lines, and a high speed ocutput shift. Chart 2 and
Figure 6 indicate the pulse sequence of the read-write busses and the order
in which a bit of information traverses the cores of the positive matrices
The first read pulse transfers the information from the /1 core of the 2°°C

to m*M matrices into the 279 to mh inhibit amplifiers. OSince the signal

<

steering sense line does not pass through the #1 core of matrix #1 it is nol
sensed, but a new bi: of information is fed into the inhibit amplifier #1
through the gate which is opened by the read pulses on busses alal'o The
first write pulse transfers the information from the 2nd to mtP jrhibis
amplifiers into the ,f1 cores of matrices ) to (m-1) leaving the first core
in the m*P matrix empty. At the same time a new bit of information is
transferred from inhibit amplifier #1 into the n®M core of the m"? matrix.
The second read pulse transfers the information from the 2™ core in each
matrix to the inhibii amplifier. The second write pulse transfers the infor-
mation from inhibit amplifier #1 into core #)l of matrix #m and from inhibit
amplifiers 2 to m into the #2 cores of matrices #1 to (m-1), This leaves
the 214 core in matrix m empty. After n complete read-write pulse cycles
all the information will be advanced one core forward in the array of matrices
and core n of matrix m will be empty and ready to receive a new sample.
Each time a set of information bits is transferred from the core matrices
to the inhibit amplifiers; the same information is transferred to the high
speed output shift register by means of the output signal sense lines. Part

of this information will be from the positive signal matrices and part of it
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from the negative signal matrices, depending on which cores in each set of
matrices are threaded by the outpul sense line. Between each read-write
cycle the information in the high speed shift register is transferred to
the output circuit. Thus during n vead-write cycles the output of the
high speed shift register will be a contimuous stream of binary information,
each bit of information being determined by the state of the respective
cores (ll—nm) and the pattern by which the cutput sense lines thread the ccres.
Circuitry of this system is more complex than the single matrix mode of
operation but the maximum possible information rate 1s much higher since m
bits of information are being advanced simultaneously. For an input informa
tion rate of 400 bits per second and n = 200, m = 10 (2000 bits of storage)

a read-write period is 1 . 1 = 12,5 psec. The read-write cycle
200x400 80000

can be m times as long with this mode of operation and still retain the

same input information rate,

9
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Chart #1 ~ Read-!/rite Pulse Sequence for Core Matrix Shift Register

Read Write
Operation Pulse Busses _ Uperation Pulse Busses
1 ajsay'say;ap 5 nl,nl‘,nzin?'
2 by, by sbo, by 2 8108y "525,8y'
3 €15¢1 ' sCpsCo" 3 by, by *bz’ b?,'
. L dl»"dl"dZ”dZ‘ L cl‘c]_: ic'2—02|
5 el,ﬁl" ,,a21982" 5 dl, dl ’d?‘?}
n ny,nq ' NgsNy' n m-1l,m '-1,n5-1,n5'-1

Chart #2 - Read-lirite Pulsing Sequence for Multiple Plane Core HMatrix Shift Register

Rsad Write Cp-
Uperation Pulse Busses eration Pulse Busses
1 aj,a1's82530" 500 o0 edpedy’ 1 al,al',az,az',. v o am_lsal}l_l,nm,nr'n
1 £
- P AL LR 2 by,bytsbaabole e by By g.aen
] 9
3 cl,cl‘,cz,,cz',,...,.,cm,cm' 3 €15C1"9€2sC0" ¢ evee cm__l,cm_l’bm,bm
! ] X w3 Y
4 n LIRS DPY DLPRPI o n ny 0yt sNpsNo 'y e cene Ny g, My y, (n-l,}n,(n-l)m
1
10,
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