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INTROD UCTION

Inst rumentation ~~udies for signal -pi~x~sssin~ systems Iiave led to a pro

posed device, called a Sequential Matched Filter~
1 which requires a special

1E0 C i~esterfield, NEL LORAD Summary Report No0 698, Article 27~ “Digital
Techniques for Rapid Processing of Signals , ” page VI-.350

‘adaptation of a digital shift register. A shift register consists of a linear

array of n one—bit registers contaI ning n bits of stored information

which are moved forward one bit register upon the accept ance of each ne~
sample to be stored . New samples are fed serially into the array0 A conven~-

tional shift register shifts the n bits of information simultaneously at

the sample rate; however~ in the application under consideration 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 onl:r one bit register at a time beginning with the nt~

register and successively transferring the information in the (~~l)th~, the

etc. until all n bits have been transferred one position0 This

latter operation is hereafter called sequential shifting0

This technical memorandum proposes three possible solutions to the probie~i

of instrumenting a sequential shifting register for use in a sequential mat.ched

filter0

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 output3 are concerned they can be divided into

two general groups with the following characteristics :

Group 1 The output of this gro up changes front one stable level for a

stored “1” to another stable level for a stored tIOfl 0 In storage devices of

this type (i0e.. vacuum tube aM transistor flip- flops) two outputs are

T~~~ _ _ ~~_ 
~~~~~~ — —  ..~~~~~~~~~~~ “.
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available which we will call”a
0 

and~b.~
’ If ~ “l~ is stored in such a device

the “a output will be at a high level and the ‘b ” at a low level while a

stored “0” 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 t ransition front 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 regi3ter8~ 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 “0” 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 “].“ sig

register) and one carr7irzg an inverted signal (negative or “0” 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 generat e periodic pulses which could be applied in order to the proper one—

bit i’egister of the sequential shifting register. Such a pulse generator

could be instrumented front a conventional shifting register 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

2.

_ _ _ _ _ _ _ _  
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of the sequential shifting regisber~, The ~~~~~~~~~~~~~ f c ;~1~, tr .’1 ‘gould have

one stage shifting each stage of the 3~ :~uert~ i:i L register and thus after tt±s

‘1” has transferred through the entire conventional register’ each st age will

have pulsed the corresponding stage of the sequential register and all the

information will have been transferred forward one place. A recirculation

loop restores the “1” to the initial one~’bit register and the sequence of

pulses is repeated 0 This system is illustrated in Figure 1 where the conven-

tional register is labeled shift register #1 and the sequential shift register

being driven is labeled shift register #2.

Recirculation Loop

1 Shift pulse input
I 10 

T T F ~~
n n—l .. Shift Reg #1 2 [T]~J
J, j 7 .  

—

In.forma~~on 1 2 . .~~ Shift Rag il� ri.~oiJ~
j

~L. ~~~~~
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 shift ing register .

In this type operation the shift pulse rep etition rate must be n t imes

the rate at which new i”tformation is fed into shift register #20 Thus for an

input information rato of 400 bits per second and a 2000 stage shift register ,

the shift pulse repetition rate must be 800,000 pulses per second ,

The disadvantages of this syst em are that the dri ving register mus t~ be as

long as the storage register and the shift pulse re petition rat e must be very

high 0
30
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Type 2 Corn ent,iunal O*tlft Re4ster operaU ~id ~n 3erie~ ParaJ iel

Sonic of the disadvantages of the t,y . e 1 sequentially shiftect shiftin g

register can be overcome by the m ode of operation shown In Figure 2. ~his

system consists of th~oe sets of shift registers, (1) a cont rol register witth

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 regist~~’s

are of the convention al simult aneous shift type. Ih e operation of this system

can be illustrated as follows : when the “1” in the cont rol register 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 st age forward and also into the corresponding stage of the high speed out-

put register. Thus immediately after the 1st shift pulse the 1st to nith bits

of Informatior. will be in the 1st to mth stages of the high speed output

register and the 2nd to ~th bits of information will be in the aith to ~~~1
th

stages of shift register a, the am
th stage containing no informatIon~

Before the control register is shifted again the high speed shift register

is shifted m ttmes t ransferring all the information into the output circuit

and leaving this register cleared . Between the mth and (ni~l)t)’1 shift pulses

of the high speed shift register , the “1” in the contr ol register is shifted

into stage #2 and the pulse generat ed is applied to the shift bus of register

b. Al]. the informa t~ion in regi ster b is shifted forward one stage and also

transferred into the corresponding stages of the output register. In the

forward t ransfer the bit of info rmation in the b1, stage of register b is

transferred into the am stage of regi ster a and stage bm is left With flC)

information. The (mli)th to 2mth 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

‘1 4,
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I

and also into the output circuit via the out put r~gister~ As the information

in register n is shifted forward, a new bit of information is added in stage

n~~ The output of the high speed register is a continuous stream of binary

information, determined by scanning and reading the e~.ndition of each stage

of the stor age register after a new ‘~it of inform ation has been added to the

regieter.

A type 2 shift register using an input information rate of 400 bits per

second and a storage register of 2000 stages could be instrumented with

F n 50 and in = 40 (i.e. 50 shifting registers of 40 stages each)0 Thj~ means

that 40 bit s of information could be shifted simultane ously and that the ~~o)

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 seconds or

a shift pulse repet ition rat e of 20,000 pps on the control register . The

high speed output register will require ~. shift pulse repetition rat e in

• times as high or ~00,000 pps . r
~~~~e advantages of this mode of operation are

(1) only a relative ly short high speed register (40 stages) and only a 50

stag e control register are required , and (2) the stor age register and control

register both operat e at relatively low shifting speeds,

Type 2a

Storage registers which have a non— retur n to zero output for a series of

“1a~ require some form of steering gates to t ran sfer the information from the

desired stor age register into the output register. Figure 3 indicates one

possible solution to the problem. Each stage of each storage register is

coupled to the succeeding stage of it. own register and also to the correspond-

ing stage of the high speed outpu t register by identical steering gates.2

~
i. B. Allen and F. J. Smith, NEL LORA D Sumnary Report No. 698, Art icle 25,
“PseudoRando m Noise Generator ( PRNG), ” pag e VI—9 .
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The shift pu1s~ which ü~ a~~,ii€ d tu on~ .j  ~~c of the n stor~ige i ister~

shi fts all i-he iatorrnation .fon’~av~t one stage in the register and alea trans—

fers the information from each stage of that p:Lr-ticular storage register into

the correspondi ng stage in the high speed output regiater. Thi s operation

would require that a oulse of short enough duration to properly t ransfer the

inf ormation into t .hr ~ high speed register would also shift the low speed

register...

Type 2b

If the storage registers are magnetic core or ferro —electri c shift regi~t.er s

whose output s are vPr :T short pulses for a stor ed “1” the steering gate need be

only an isolating diode or resistor to prevent interaction between the one- hit

registers, If the output pulse length is greater than the interval between

shift pulses on the high speed output register. a high speed~ ind~
’gate (strobe )

will be necessar ~y so t.hat the information can be transferred from the storage

registers to the output registers between two consecutive shift pulses of the
0 high speed output registers0

Magnetic Core Mat rix Operated as a Sequent ially Shifted Shifting Register

Since in a sequentially shifted shifting register the information is

handled one bit at a time it seems feasible to use magnetic core matrix men~ ry

techniques to store the information, Figure 4 shows a diagram of a core matrix

inst rumented to operat e 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 lines the

signal steering sense line and the output sense lined The read -write control

circuits are not shown but Chart 2. shows the pulsing sequence of the read—

write busses. The information is sampled and feed into the ~th stage of each

6,
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register and the ~hL ~tiu.-; oper~tt 1un Can t oe- . u fro m t~~ r a d -~j rite pulse

sequence and Figure 1~ The new informat io n s~ ap .ie i~ read into t i e  inhi bi t

amplifiers as the oldest bit of information is being read from core #1 of

the matrix0 The next write pulse t.ransfers the information from the

inhibit amplifier into core n0 The second read pulse transfers the informa-

tion from core ~2 to the inhibit amplifier and the second write pulse t rans

fers it int-o 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

bits 2 to (n-~’1) now occupy cores 1 to n). During this transfer of informat.ion

each bit of information stored in the core s threaded by the output sense line

appears in the output circuit 0

.~s 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

the positive matrix0 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 q the combined output of the positive

and negative matrices will be a continuous stream of n “l&’ when t.he

information is thifted one core forward in the register0

For this mode of operation the period of’ the read--write cycle (for one

core) must be less than where 5r is the sampling rat e and n is the

number of cores in the mat rix0 If the sampling rate is 400 bits per second

and the mat rix has 2C30 cores the read-write cycle must be less than
400x2xi

or 1. 25 ii second . This is approximately four times faster than presently

availabl e cores matrices

7,
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A system for in ~~ s:ing t.ri~ e,r fc3cti\~e ~~ v-~r . 
~~~ speed of ~~ ~iatrix ~hi f ~:

register is shown in Figure 5 It conslst ,s of a set of m poa ibve  ~~i~
-
~~i~J

matrices ~f n cores each and a s~ of m negati\~ signal mat rices of a

cores each~ wi td-i their associated inhibit ampTU fi . e~~ . signal steeri ng son ;~L

lines, output signal lines , and a high speed out put Shj it ~ ~~~~~~ 2 arid .

Figure 6 indicate the pulse sequence of the real ~1-ite bussee arid the ~~~~

in which a bit of information traverses the cores of the ‘csl.t.~ v~ i . a t ~i ce~:

The fi rst read pulse transfers the information from the ,~l core of the 2r~

to mth matrices into the 9nd to mtl~ inhibit- amplifiers. Since the sig:.La

steering sense line does not pass through the #1 core of matrix #1 it is ~~~

sensed~ but. a new bit of information is fed into the inhibit amplifier #1

through the gat e which is opened by the read pulses on busses a1a1’ , ThE.

first write pulse transfers the information from the 2~~ t.o mtl! inhibi~
amplifiers int.o the ~1 cores of matrices 1 to (m— i) leaving the first core

in the mth matrix empty. At the same time a new bit of information is

t.ransferred from inhibit amplifier #1 int o the ~th core of the mth ma’t- rix~
The second read pulse transfers the information from the 2~~ core in each

matrix to the irthibil - amplifi”r~. The second write pulse. transfers the infor--

mation from inhibit amplifier #1 into core #1 of matrix #m and fr-cm inhibit

amplifiers 2 to m into the #2 cores of matrices #1 to (m-1) , Thi s leaves

the 2nd core in matrix m empty. After n complete read-~writ e pulse cycles
-
. all the information will be advanced one core forward in the ~::-ay of matrices

and core n of mat rix in will be empty and read y to receive a new eajnple0

A~ach t ime a set of information bits is t ransferred from the core matrice s

to the inhi bit amplifiers~, the same information is transferred to the high

speed output shift regi8ter 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 si~ na1 matri.ce,i .. c e p ~ri~~ n~’, on ~~~~ ~~ c i ~~~ in e~l~ t set of

mat rices are threaded by the ct ; .r .rt sense LThe~ B~t~i~~~r~ eacn ; ~-ac~ -a:Jt e

cycle the info rmati on In the hi gh spe d shift rc~gister is transferred to

the output eircuLi , Thus during n r~ ad- write cycles the output of t~ e

high speed shift register will be a cont inuous stream of binary informat L ~i,

each bit of information being determined by the stat e of the respective

cores (li—na) and the pattern by whi ch the out put sense lines tu iread the c.c~res~,

Circu itry of this system is more complex than the single ~iat rix mode of

operation but the maximum possible information rate is much higher since m

bits of info rmation cr 0 being advanced simultaneously0 For an input info !~ -
-

tion rate of 400 bits per second and n 200. in 10 (2000 bit s of ~tci-~~i:;)

a read write period is 
— 1 ~ 1 12,5 ~sec, The read - ~~~~~ c~~ )~200x400 80000

can be in times as long with this mode of operation and still r:~ta: n the

same input information rate,

90
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Chart. I ~~~~~~~ rd ~e is~- Sequer o~ f~ ; Co~~~~ ~ ri. x ~~ ft  ~~~~ ~ -er

aead .Jr~.te
_______ ~p~ri~J2i’, .

1 a1. a~ ~~~ a2’ 1 n1, n1~ r~

2 ~1 , b11 5 b2, b2 ’ 2 a1, a t ’ , a2; a2~

3 C1 c~ c2~c2! 3 h~ , 1
t~ b2, b

4 d1~d~~~ u2 d2~ L:.

5 e1,e1~ e2;82
1 r~1 11 ~~~

0

fl n1,n1’ on 2,n2~ n or l~n1t
~~l, n 2~ i ,n21 —l

Chart /,~2 ~1ead~t Irite Pulsing Sequence for Mu1ti~1e Plane Cor.~ ~ itrix 3hif ~. €~gisi o~

• Raa d writ e C~~Operation Pulse Bussei~ eration Pulse Busses 
_________

1 a1,al’ ,a21a2 ’ .am, a~~ 1 a~,a1’ , a~, a2
t,. . ... a~~~ a~~l,nn, n.~

2 pbi’ ,b2,b2
t , . . . . o b~~,b~~~ 

2 b1, b11 ,b2, b2 ’ 

3 ci,cf,c2~c2
t ,....,c~,c~

t 3 c1~c1~,c2~c~’ 

n nl,n1’,n2,n2
1 ,.....nm,nm ’ n n1,n1~~n2,n2

t ri - 1 0
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