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This e~w~randum covers only a small phase of the proUeiii

of  instrw~ent.ation for signal enhancement research ~md has

been prepared primarily for internal distribution to aid

others at I~ L who Llsy be interested in related problems.

Only ~t limited distribution outside of the L~.boratory is

contemplated0 Work to M1gL~st 1955 is covered0
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;~~~ troduc tion

:~ ocho r an ging nyst~~is using correlati on teehnir.nies it

is necea~ary to introduce an artifi cial &~lay in th~ co~pari•’

3C’fl ~~ 
;~fl~1

~ n.~.teh the tr ~vo]. time of the tranarritted signal out cnd the

echo ~ ick For ~dde band systems the ar tificial de1s~i ti~ne

rtn~t usually ‘~~~ w~:’ied slowly to n~aintain an ade~’uat~o ~~~~~~~~~

aging timo ~ ~ n ~a:~ iri g thro~~~ thr~ crrrelation function~ and

v l c ~~ the ~~~~~~~ dairy is ~cnorn in adv tnce to a fair ~~~~~

of ~ fm.~~~cn , long periods of search (in range) i~ay ~

rsquir’cd to c~i~e the corre1atior~ function 0 To s}~crton the

t~~ C spent in renrch some ~~~~ of ~‘i1 r p l proco~sing or

spee~~up systos~ ~~ requ5r~c~0 Thus ~t ~~ possible tO u~e a

~uober of .
~~~~~~ . ~&. - t.o~s in parallel time ’~wi~e~, each opcrathig

aimul taneousi;’ but on comparison si~pal~ with dif forE~nt tine

delays. Or ~~ spending u~ th~ signal it is posaiblo to

o’~~ rci: more ~~~~ with a single corre).ator. It is the

pii rpo~~ ~f L .~ present p r  to describe an echo ranging

system ut iiizLn~ IlL Automn~ic Recycling Vultiple Sampler3’

~ ~
‘ Ri. S~ as the devi ce for ‘~xii~~ rig up the signal for more rapid

~ 
( , ~~~ :orS~ie1d, Autoriatic Rocy cU ii~ ?~ultip1e Sampler ,

r~ T~, x~i’~aT1 ~ e’~o No. 132 , 17 i.u~ust 1955 ’ ( Unclassified)

&;(~~~~~ O~~t in ra~,;E’.

i r ~~~iou o” t :’~3 ia ‘ lation ~cho t~a!i&~~

~n the aisip1if~.od block diagram of the Rapid Con~elation

~cho Ranger shown in 1?igure I~ * Peeudorandon Woise Genorator~ ’ ~

~NCLA$~S1F~~
- ... --~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :.:~~ ~~~~~
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• ~~. L ~ t~~,~~~)AISO ~~ ~ c~~c r indn~. Noise Generators, ~~ Inter-
nal Technical ~~~~ N.~~~lCO , 23 Nov l9t~?~ ( (:‘onfider?tial )

3. ~~. B. .Ulen and “. ~ ~rd.th, ~soudor~ndom ~ci~o Generator,
N~L Tochnical ~c:~o. ~o, Jt~ 2~ May 1954. (Confidentialj

( IiQJG #2) is uecd to produce ~he si~naln . I~~G ‘2 is dri~r~n

by ~~ recycling pulses i’rom twoth~r PRNG (J1)c ;~~t~ #1 ~erves

a c.tual purpose9 it acts as r~ pulse ~t’eqtiency divIder in ~he

~~~ uni t~ nn~ also provides a coopax’iaon signal for correla-

tion rith the sped-~up signal output of the A1~~ unit.

The block latolod ns~idttor includes such filtering,

modula~.iori9 rx~d amplifying functions as may be required2 in~

clu~ltng t~ie tra:~ th.cer for placing the sound in the -~raiis-

mi~;Ur.~ medium. Si~iilarly , the block labeled Receiver includes

~~~ pick-up unit m.. any .filtering~ a~p1i1~ving, and demodula-

tion fsnctions raqti.red ~i.ft~r transmission and prior to spoed—

~.p. iliii block labeled Corra].ator is also ~ulte general. in

~~~~~~ co~t~iu~r~- any- necessary- additional filtering,

‘~~ i ~~~~~~~~ ~~~~~~~~~~ heterod~roing, multiplying and rectifying

fu.~ ct.iu~~ ~r l ~~i.r�g If required, ~ bank o~ ou~ put filters

for doppler dot~ri~th~~tion. The biceks comprising the ARIISS

unit are r~iclo3~ d the rect~ngle indicated ~y dashed lines.

~y providing a separa te , cryctal- controllol pulse generato r

fox driving PrU~~ q2 the ey-ste~i becomes on~ for one w~~’ tr~ns-

r~i1~~ioa and receptic.n instead of echo ranging0

2.
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~~~ puJ.~~’ generatc r, ~.~hich may itself be driven

~ r a crystal con~.rolled oscillat or , provides r~2 pulses per

second for driving the it-stage binary- shift regi3t~~ and

Fi~WG #1. An ~~~
- ~i~~o ~R1~G recyc].es afto x N (~‘ 2~ -l) p ises

and can be connected to omit ~ pulse ewh time it recycie~i0

~RUG ~l will thus provide (/1 /~2”.~l) pulses per second to

drive the sampler, the selector~ and ~ -J~G #23 Since iRI~G #2

is also ~ua n-’~;ta ge unit It -~ill go through only one C~C ?:

~th~’ie ~~~ .~l is going through 2”’- 1 cycles0 It follows

the ou tput of R~NG #1 is am ply a spe&up ver sion o: tha~. of

PRNG ~2, the speecF up fact or being 2”~- 1. ~~king it ; N

2” 2, the output of the I~ etage binary shift register in

the AF~ 3 ~aii ~ is -~L o a spe&~up ver’sion of the received signal.

w1t~ z~. apee& ip f~ctor of t 1, !~eglecting noise and doppler

-n thc echo it is thus seen that the output of the binary

chif t ~~g~~~~r is r rly the same as that of ri~r~ #L

e3~c~ t !~~ dfi fferenco i.~ that the I1~�~G #1 ~ec~rc1o~, after

r ,ri 
~ counts ~,hile a sa~p1o in the shift register is

~d after ~ (. 2~~’ 2, counts from the master ~~~~ t enera~

~~r ,, i~~ output of the binary shift register’ is thw: e~~~~~d

along .me sta~~ ~dth respect to the output of the ?RNG #1 ac~

time t~~ latis: recycles. After the first aanple from I~~ C’

• #2 is introduced into the shift register it requires N-2

( t ~~ recyelz~s of I~tNG #1 to fill the shift register ~~th

aam ple:~ frea T~~’G ~2 and bring the output of ~~ shift register

to essential phase with the output of P~U~O #1

4
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C( i .~ J i .~ .Ir:j~

~urii~ ~~~ & ~~~~ re .:?4 ltr r~ riod th- o~~~~’-it~ az”~ ‘t ~ ~~~~~~~ i rj d

peak ~:o::-e1~ t~~’x c~ c~irs .. -‘ sti~ht ~;lecr~tical i:~7ro ro 1it.1t.

in perform.v’~ . f ~~~ system is achicr:ed ~ r ~iaving ii ~~~~cs

in tha shift ~:‘egi s~or rr~i using the ~‘ut i~t fro~ii tho ~~~ stage

to reoy~le thr~i~~i the selector 0 The outp ut from ~~o Z&~

• stage will then ~~ in step with the outpu t of ~~~Q 71 while

the l~tt.er is ~~ t n r  through its I~t:-,. cycle s u this easo~
neglectuig dop~ ~~ ~~~ :~ea1: correlation ~ould extend ov~~ N

ins tead of t~~~ previr~s ~ .L s p i ~s~ 1?or large values of

the iuproveror t ~~ ne~ltgihle.

Thking f4 . as the center frequency of the signal priox ~o

spsi~d”up end L~ f a~ the nominal frecuency spread, the nominal

number of cycies in the autc correlati on function may be ~~~~

us 
~~~~~ 

For’ a rectangular 8çectrnm the normali~ect auto’

correl at ion funct ion ia cos 2V ’f01” , from i~hictt

it is ~~en that one cycle of tho correl~ttion f%mctiov cerres~-

ponds to a dif ~€r’ential delay of one cycle of the center fre~’

quency in tb~ ~iignal . Since the sampling rate is c~ /Y~, th~

nunbor of aamp~~s p : :~’ cer.ter frequency cycle ic cpftf ~0 :ct.
fol1ow~ the.t the turnber of stages occupied ~~~‘ one center fre”

quonoy cycle in the shift x gister will be cO/Nt00 Since

there is a differenti al delay of or~ stage each time P~NG h

recycles, it wiF. recycle ~�) /Nf 0 times to produce one cycle

o~’ the autooox’relation tuiction~, ‘i’o produce f0 /e~’f cycles it

rould need to recycle r~ /} U~f  timee The recycling period is

N/~9, hence the ~~~ required to run through one cycle of the

correlatIon function is ]/f . and the n~nina1 duration of the

5.



-
~~~~~~~~ : 

~~~ ~‘ - ‘ T ”~~~~~ ~~
‘-  

~~~~~~~~~~~~~ 
• --—-

correlati on fiu~otiun ~ s

A band pass filter “~ th b~ idwidth A f and cente r frequency

on the output of the correlator would ther’efure be adequate

to achieve the mazU niz~i averaging tirne of r~ L/L~f. This aver-

aging tI me could also be achieved Itt r~ c~ti~~ing the output of

the correlator end using a low pass filter with cutoff at

)i2~f. Since all fre quen cies lees than half the sampl ing rate

are sped-up tG’- Li factor of N, the frequenc~’ spread of the

signal after speed-up is ~~f1 NL~f. The maximum processing

gain is then given ~~

T N a 2 ~-l (1~

~ffect of~~~pp.le~ i n e ~Rapid_~~~~ lst~~~~~chO Ran~~~

It. the above development it was an~ursed that the doppler

was zero on th e signal being processed, In genera]. this w~U

not be true and the effect of doppler ~.us b be taken into

account. For a velocit~r v of the target relative to the

e~,ho-ranging vs~sel the fractional doppler is D ~ 2v/o, e

being the velocit~ of sound in the transmitting niodi~zi~ L’

v~ is the ms~I ~um relat i~~ tar get speed to be expected, the

~~ dxnn~ expected doppler will be Dm~~ 2v~/o.

The effect of doppler is to produce a time-Wise coeprem aicn
£7

or cxpension of the signa’. A signal which with zero doppler

oc~tpIed Ii stages in the binary shift register Will occupy

~l-D)E e t a  ~hsn sub3ecte~ to a fracti onal doppler D. Sup-

pose that at the beginning of a recycling period H~NG #1 is

in step With t~te sped-up PR1~G #2 signal on the output of the

6 3
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binary shift reglate . At the e~4 of the recycling period it

would be DN stages out of ~tep. That is, a differential delay

of DN~fJ’f center freq~mucy cycle s occurs during each recycling

period . it followe that the correlator output is swept progres-

sively through this ntnber o~. cycles of the correlatio n f~mction

during each recycling period of PRNG 11. Since the duration of

the recycling period is N /f l  th. output frequency during the

period is D1f0. An adjuetnent ooours at the end of the period
in center frequency cycles

so that the net differential delaj/ over the oceplete recycling

period is appru d.aat.ly Nfjp , the same as for zero doppler.

It DN is email ~oapared to ~~~~ the effect of the doppler will

be to Indroduce a negligible perthrb.tiou on the correlator output,

Yor DN large com pared to mity the doppler Lwlet be taken

i nto account. Zi~ppoae a bank of overlapping bandpass filter s are

placed on the output of the our rel etor to match the doppler.

The bandwidth of indi vidual filters should be at least 2 e~,/?i to

accept side bands introduced t~r the r~c~ c1thg frequency, and the

center freqtisncio e would range fr~xn f0 to D51~fØ in steps oi

2 /)/ii~ It r0 1. take n as c/)/31c (one third the sampling rate) ,

the owter fzequencies of the filters would vaz~- in steps of 6f(,

and the number of filters required would be about 1 m- D~1I/6 Since

the correlator output is swept through PW~tJ ~P cycles of the

correlation function during each r ecycling period of ?~M~ #1, there

should be at least this many cyolee in the ~o~lrtpl duration of the

correlation function to avoid serious attenuation in the output.

This gives 
~
, /af �DN~f0/4 (2)

or 3/(~~ f)5 ~ D//c/1 (3)

7, com~i~n’rrn
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whence ~ f) ~ ~ 42/Dm1I~

2 4)

3fJDaN, Dt*?4 13

ithen f
~ 

is taken a~ (~ /3N.

The i~Ia,d.~Titm1 doppler to be expected nay thus place serious

lizn.ttationa on the bandwidth of the ei~~ai which may be ez~p1oy-

ad. f this linitation is ndhe rc~d to , however, the nocinol

duration of t~e output signal wUl remain T,1~ ~ ],/2\ f and. the

maximum processing gain will be ~~ I an before, This ma~d~
Tht!~ processing gain can be achieved by roctuI~ring and low-’

pass fliterLag the outpu t of the band pass filters 0

The ~axinum value which can be used for the master pulse

frequency ~ ) depends to some ~ cten L~ on t~~ type of lxthsry

shift register which is employed, Transi~tor’.type shift registers

can be operated at rates as high as 3 or 4 negacycles for ~axan-

p1ev but there soo~zs to be so~~ questi on as to their reliability.

Viniature ~~otic :3hI ft registers can apparently be reliab1.y

operated at 100 ko, For the r~oinent, the refOre we will take the

naximuxn driving frequency for the shif t register as

~1’~~~~ lOO kc (5)

Taking the velocity of underwat~’r sound as approximately 5000

ft/se c and assuvdng a maxi~~ n relative target range rate of 30

knots gii,e~~ o.o~ (6)

as the m~~1nu~t fractional doppler to be expected in echo rt.nging

studies . For ship-to— shore transmission studies slower speeds

may be e~~eete& In a pert.teulzu’ application being considered

~LLJ T~
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t~ kr~

c . . ‘
~~~~ l~~ t’~v’ ~aa~drnua ~~~~~~~~~~~~ ~‘~ce~ t~u be

expectcd . T?i ~ ~r~~ijj ~ive
0.002 ~7)

r aking t~~s~ ~ .~~~~ va1t~cs O~~ a’3 ~:tr ~ ac~s~ it seems ~~~th

ti~-~1e to tabul:. ; the corresoor~ding ~.‘aiu:;~ of (z.~. C)~. ~~x ~ r~—

ous valuos of R :~ equation (4). ~ineo the sampling r~~e 18

th~ ~~ c[~nui~. cant er frequency s~ay h rcpr e~ ~‘~t .uJ 5~

i~quatton (8) is ba~cd on the ~ssum~~ion

( 9 ’

since thj  m~ c~aa~ii~ frequency in the signal should not x o ’~
one ~L~A1f of the sampling rE.te . In the foUo~dng tabi~ ~~
h~s been giva;~ tbe value of (~ c)m when equ.ation (4) wouj .d have

: . :Cn a larger value.

Table I

~ 0.02 Dm 0.002
N F?. (

~ c) m (t~i f ) m

6 63 62 52~: cpa 529 cps~’ 5~9
7 127 ~2Ô 262 262* 262*
8 — — ——
9 511 510 65 19 65*

10 1023 1022 33 L. 33*
11 2047 2046 16 1.2 12

* It should be pointed out that ~hi1e these values :ap rcs~nt

orc sd~and oper at:~on in the sense that (~A f) m (1~e)m, tl Q:;’ may

not be ~~oac~~:~~ in t.he or3inary meaning of the tor’rn~. f~. i~a~r

b~ tho ~cntoj ’ frequency ~2.I’t ’r demodulation and hence aay ~e

very muob less ~~~~ the acttnil carrier frequency. For ~~~
all vait~ea in the last th~e~ cobumns of Thble I ‘~could bc r --

oreased by a factor of 30~

-~~~~ -


