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Int roduction

The (~e,r~~ o~~ V4rt of i.he ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ type p~~udorandorn

noi~~ - -;~~r~ ~~. ~~~~. 

-
• (PF ~NG ’~~) f ~;r u~e in ‘ciadb~nd active Corre].—

1. ~~~~ 8. ~llci~ T~ i’ . •J. :1V V:tV ”~~~ i
V
~~~ .~~~~O .i ~dr~ti f l~ii~~c Gerier~tor ,

~~J, 1 ech r~~c::i ~~~~~~~~~ 36 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

i O f l  ~~ .VJ~~~3t •  V131S~~~ I t,~~. ~~J .j~2 I O~~~~ .I V ~~ O U  ~~t-c5j i~~ . r~~~~()fl~~

Uiola;r tirn~s ~: : ~.r~
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~~ br~n~ the ~~~~~~~ ~~~ into cor—

relation with the ~fdt O~~ :~~~c sl~r1~ l Ifl. .3 ~~~~~ achieved ~~~

u3ing t~ -~ i a~~~ V~~l ~~‘~~ Y O  which ç’c~ c- ;~ ~~~~~~~ ~~~ tr~in~ of

p6eu~1orardom pul3~~ oo that ti~c delay ~~~~ needed was obtained

~; ~~~~~~ 11’~ ~e3ofld ~ U~G a~ a later t.~ i~e than th~t ~~~~~ o ~~.

2cr:~ Ct ,i~~i3 i c  ~~ic -~elay ~~~~~~~ D1~~ ob caincd h -  -~~pi the

l~~V~~~~~~ i’ ar~r c  ~~~~~~~~ ~~~
- :~c~ns of a r~ V o ~-t I~~:.

- V ~.u; ev. r . since
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LO1 1~~~~iijJ~

binary digit~ ar-.i tt ~~j ’OCt1VO1;T P).~ — )71!~~L~~~ their origin in

t ime.

Di~ital $hift Ro 3te~~~~~~y Lines

• 
• While using the digital shi ft ~e ’;~.s~ er ~ i~W~~’ s in broadband

correlation sonar, it soon became apparent that the shift regist :.r

is a delay device and can be u3ed directly as a tapped delay

line for the PRNG signals . with proper sand ing it may also be

poseible to extend their use as tapped delay lines f-~r any type

of signal. In the case of Pt~NG signals, however , a shift

register of suitable length is operate i ~ilt ii the rirst n stages

coupled a~ a P~~G and the r€i~~inin~ stages transf~irring the

sequence along the line and making it available ~t a later t ime

at each successive stage. The time delay for e-~ch st-age in a

digital shift r i~-tcr wiU depend ~~ ~~~ shift ~~~~~ frequency.

t frequenc y of 1 ke ;~iJ~. give a 1 mil3isecond delay per stage ,

while a 100 cps frequency 1cE.l give 10 milliseconds ~clay per

stage.

For -‘ej
~~~ broadband s~ ~~~~~ the ~~~~~~~~~~ L~l]. operated

at a shift p~i1~e fr -~tiuency o~ 4 times the center fre ciuency of

t~ e desired sign~1 band , since the P~NG outpu t, has a uniform

ec~ rwr ~i only to ap ro: :~ t.~ 1y one h:lf the drivin g fre: ~ucr~cy,

:s -~~n ~c seen in Fi gur e 1. Under t~ eoe operatin g condition a

each ct :~ge of the shift rogicter will give a delay o.~’ one—

~~~~~ cr ~cvc lcn~th of the center frequency of the signa l band .

A ~oio occr~c atc~~ way of operating a PRNG and associated delay

sbaf in terms c--f total ava ilable delay time is to drive them

at a fre~uency which is lower than the center freque ncy of the

desired broadband signal . The desired signal band can be ob—

2.
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~~~~~~~~~~~~~ 
V. ( F ~~~~~~ ~~ , ;~~~~~~~~~• ~j~~ t )~~c 1 1U~~~ See

V~V - ~ ~ :? r~ . ccN~~- - 
~

- ~~~~~ i’~~ ( U ~ flCj can

;.~~~ ~~~~~~~~~~~~~~ 
-
~~~~~

-
~ ~~~~~~ ~~~~~ ~~--:~d ~~~~~~; ~~~~~~~ i V ’ ;~~c , ~ach c~ ift

• ~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~ of ~.-~ • r- ~~~ is th o~i ~~a.~Lc:’ than ~h 3 period

o~ t~ie c3 : ~~~r i - t .~~c~: of ~he ci ~~~ ba;~~.~ For example , if

an • -~~O c s  ci~ nt~J. br~ich~~c~~h were to b:3 util L~ ed and the

~~~~~~~~~~~~~~ ::~ 2CC c~;s, c~ ch s~ o~:c of the ,~h ift - ro~ i5t.or

1. - -u r : .
~ 5 

-‘ ]- i —~~- --~ ;~ ~ 
-
~~ o 4. .3 • - -

~~ •‘r~ ’ h— -.

cc~~cr :~~i’~~~;:~~~
-
~~~

c c:~ tl:e ~~~~~~~ Dy uc 1 ~ t~ e ab3VC :~etho~i

i’c2V : t  ~~~~ cc ~ JcL~~; c:~ i be ~~t no- .i - ,h ;V casonnb~y short

c~
- 
~~~ -L~~~:c. al~ hU~~~h ~ ;: wcnc~ise a a; r~-c-~~ n~: of the

~‘ ai1; tio ’~~’ c-3 .  id: - j r t h ~ ~-ti ;e ths r : iu 1 of thc u~~ for~

o : c ~ :- ~ ~.n ~~e ~. L 3  ~ U’:~ pU:t 13 r~~~~ .oU . : ‘ 0r1 .c ’ -~~~~ lower

2x~ 0.:- cç c 1 U V . ~~~~~~ c 3 c~~w~~ 3 are V l.~~.c a~-

i-iul~.i~~ c ~; C l • .~(

‘; i ~~f- u:~~~2l~ c~~~
- -o V ~~ -T~~~~~c c - V~~~~~~~~~~~

;-
~~~ a ~~~~~~:~~

- line ‘ri~ h ~~~ -

-
- 

~~~~~~ 
s~- ~~~ La ~ c ~~~ Th ~~~~~~~ ~~~~~~~ ~~c c~’c~~ ~I~~t one

-o ~ ; - ~~w~ ..3 c t’ic :- ; i  c— - . ~ ~; ~ -il. :tne~~.s ’~- ncr. ~~~~~~~~ t~ e

:~Vf lp L  :~~ :1 ~~~~~~ ~~~~~~~~~ •:o;~ 0 ~ O~~
’ V V ~~~~~~~~~ t~~e

• 
~~~~~~~~~~~~~~~~ ~ •2i~~~~o 2 , ~ ~~~~~ :-:2ere ce signal 3 is foc~

~~~ :;~ 3.t1---~,~~~~~ -: e2 c~ ~ ice :~ iLch is the dV ~~~~~i i ~~3l shift

- -
• 

- ~ -~‘t-:cn ~~ ~~~~
‘ -

~ :•-~~~i~ ~cch to~~ the desired delay r~r

: L ~ : inod j V 3 ~~~~~~ ~~ ~~~~ 
,S~ from the ~;uc --

0 
-
~ 3 ~~~ ~ l-

V - V 3 c ’ -  of ~~o r e f c c-on c e  signal .

~~~~ c’. ~~~• ‘ ~~V 0 1  
~ 

-
~ 1~

-
~ 

I-: :‘ -n  :L~~~~~ ir ~; . cL~~~~cictor which

~~~ : ;‘ ‘  :- ‘l . ~ ~~c ~~~~~ ni~ a a) ~-~~~h the received

o i’~~~~~~~~d ~ 
- 

.~~ •:v~~r r ~~~c-c instantaneous prcduct to g~ vo

e~o ~hc :0r •~ tic~ •~un~tion. From Figure 2b it can
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(~U Wj JDii J~~b

be seen that wit~ ennct time eeIr c~~~.~ ~~~ i .e. ,  perfect correl-

ation ~t3 repx-eser-tt-i by ~ ~~-~1 the ~-oc~~ t ant product will

always be ~-,osUiIve which yields ohf i.e~cL~a~~ peak on the cor-

relation tune ~ion.

The spacing of tha point s on the cor relation function ob—

ta m ed from the multiple—co~’reLit -r ce~.e.id s on the delay per

stage. If the delay per st-ar~c i s equivalent to a large ra nge

interval only a few points on the cor re lation function will

be obtained and consequently the reference signal will have

to be swept with respect to the received signal in order to

obtain the complete correlation function, }{owever~ i~ the

delay p er stage is small ericw~h ( h?., ~:h - ~’e T0 is t.he per ..~~d

of ~;ho ee:~ter frequen cy of ~~~ a nu i f i e i c~nt m --- of

y.:intc ~:ll1 be cbtc~~:c’d such ~~~~~~~ .- corr ~~~~ fun c~,1c’

~~ ~~~~~~~~~~~~ ~~~~~~~~ r~r the points.

,~
- ,; :hecj F iit~dr

Th~. matched 1.~~.t- r hc- ~ con3.ir’~red is a digi-aI :~yst’ri~

dete cc.s t~ . ~rccp c: c: . r ~ c~~.cc of ~ nr uc~ ce of ~~~~~~~~~~~~~~~~

r:u~3c:a hL~~;’y &~:~~itc . The I .2t~’: ilac one l~ap ~i~j each binary

ciad ~~h.e f z ~c L  out;ut ;?V~~ . is the roper J . y phased sum

o~ cU. t ece c ~~~~~~~ In r>p~~~’ ~i ~~ ~~~ ;~i~n~ l ~-mi . cc ~e~c i

ic a c ioso-  ooA ’A~~la~~ cr. f V ~~~ Ofl .

~ -‘tr~pare ~~~ :oatcios ’ f~.)~ -er ~-J~ .h the usual correlatien

-
. ;: cc: - th at  t. -~ ~

- . ferei c’~- V~~~~~~ ~- ~ .i t  int o th€’

i~;’: c  f~J L- ~r .; ~ ii- . or~ ib1~ -~o cc t- .-t.n essential ly

3~~j~ V~~ 3 c-’t~ ut vi thout  s - - -: t -~~y ;~~~~ r-~t in  a reference Otfz —

I he ra tcher’1 filter is .. . tche d to tee sign~] ~equ~~nce.

* as ~er er -~(.cd bj ~n r stage h~~~ . b~ having one t~ r~ cor r ea—

14
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~.h -c d~ ~.tc ~- .h~ o -  c : e  f t _ 1 f l  Therefore r when

• - :r-: . t ~~~~~~~~~~~~~~ ~~
- - 

~~ ~ ~~ - - -  ~~~~~~~~~~~ in the f . t,ec t he

ne~~~tivc dir -it o E C i - -~fl~ O~i t~ - ‘~~~. ~~It-0 ;~ ~nd .r~ e ~ r tap

ro~i5t .~rs a ~1”~ see 2i~~i.~-o 3, 
t ; L e h  on c-a:: ~~~ gives fl

as the final filter out-cut . 7~c cir :na? - advances through

the -~i1hcr~ the cc L -u~ a~ any ir tcc ~ is a pcir L on the L1~iit .c

cross—corral i tLon frn-V~t~V on , boco .~se ~-~~e c i ’ , . l  Li opcrated on

by the liltee gj v ;’-~ ~~ ~V
j~~;~~~~~ V / ~~eni :-; iLJ .p iicoi:i or ~~ if by a

reference signal , :.nd o .:moi r- t the ~~~~~~~~~ ~!vc.~ an a-
~er - ~e o~rer N

simultaneous .~.o ’- ies ,

Th~ o~it~ut o~~ ained by a :r’:hhic:l solution of a filter

r ctcheci to t 1 C  s~~V~~~r~~~ )V - .; ::c -~ . cd by a four sta ge P~~-~ (15 digits)

~~ ch~~n in i’iL;;~ ro 4 ~ihic would be thc output from a 15- -tap

~ lay c.i~~ clc of hcnd1L~g ~~ 0, —1, (this :inc1ude~ the usual

duley Unec s :eh as e~ octr~cci netv ;~r~- ..o , magnotic drums , etc., )

~ c1 bras ~~~d~~~~~min;~ a :~cro for any tap not occupied by a

of ~he cirn.~l oo~~ enee.

~~~~~~~~~~ sh i f ~ f; s.~er:: seem very ccitablo for use as a

:~-~~ch-:d f : . 1:;.~~- 1.:oc~~ oe each sta- -e  ~~~v .Lde3 tw~ outputs ~-rh:ich

h~ve a ?.~ O0 ch .~co ~if iTh:-eccc ~i.o . , opposite ci~~ s). However

those aotcho~ fI~ iors give r’. nl~. ~r-tiy different result than

.:nc.~~ ~cl;’y line since L -c’, - - 

- 
~‘- c . :~brr has only t~ o

c - n  he 4 : 0; c~- 0, ---1 depending

i~:e ~~~~~ ~~
- -

~~~~ nci~~~~, ~~~ ~~~~~ from this t:rpe of filter

- — 1, 1i. ~t ‘;; es) met ehed to the signal hro m a 4 stage PF~NG

::~s ocivccl - - : ~~
‘ -  .c:LL~~r and is shown in Figure 5 assimiing all

o - i -~.y’s to ~~ r~ a +1” o t : ’ -;h~n a oignal is fe~i into the

CONFIDE!lTf I AL
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--------- - - - -

~~~

--- •-— -—
~~

----

~~
-

~~

- -V

~~~~~. ~~~~~~~~~~

r e c ~ -~:’. Th~ c ; , I c : b  ñ:c-;i -T , :~ ~irt  T~aet i iCdi  ~3 15 ~he

out put frc~e the , .J;ç~—s rhich have 3 ~7sc~ b1e sta~es.

~in n stage L~~~ ry system has 2~i pc~~~ible coribinations of

I: + 1t I and ~~~~ taken n (~~gits at a tir e . The algebraic sum

of the states of one stage over t~ee 2~ corabinations is zero

since each ctau ;e h:~s an e~uzil number (2~~1.) of ~ + 1” and U 1 $

states . ~V~o~c if one of the combinations which is a “---1” state

for this stage 13 eliminated shc algebraic sum will no longer

be zero but u + 
~~~~ In an n stage PR~G all possible corr~b~natien:

of an n stage binary system occur except the all ‘1—1” coof-. Lm-

tion; therefore, the algebraic sum of all the states for any

stage ~v-et’ the 2~Ll combinations is + l~ A matched filter

operating on the on~put of a PRJV~G has 2~~l taps wh ich s~~ ult ane—

ously observe all the states which occur at a ~ic~ le stage of

~~d ~~~~~ the all ~“ ---l~ combination i-~ ex~li~~c~ there

will be ene in~re ~I + 1U to.p t han l~ taps (the u 
~~ taps reverse

- e s ~~p: of the digit obseroratU , The!-~ fere~ a n;i~~chcd fi lter

fo~ a ?ihG oi~n-a1 w1V~~~i. have a cons ot ~ + 1” out put when the

continuously ~~~ sin o~ 2~~1 taps sum a~ fl. ’ and

2~~1~l taps sum as i1 4 T
; sinillarly the o itput will be a con st a— it

~~~~ ~;hen the ir~i-~ is contina-ousi~ --1~’ sInce 2n— 1 t a o  will

sum c.s I _ h i  and 2n 1 4 ‘taps sum as ! + 1! .

In ~~
:- .c~ally sol . ‘ -

~~~.:. ~cr the out put of matched filters

ca 2i~~c~ signe Ls it :ci~ n~~d that when one soqrence

i. - 
~,: .‘~ 

-~r t.he out put. is a constent h” ~‘or the digits

~~~ t :~ 21.-C of e::act syn c~~ V c 
~
‘ -

~~ ion.  The cornplstc out—

~-e ,;i cf posItive ~~ Le-7s with an amplitude of ~~~~ units

oceur-rir -g at iaUero alo of ~~~~ c~i~ iLs with a constant “—p level

(*.
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IL V ~ I ~-
- ( : ~ .~~~C- ~~, th  .:e 1.$ -1 - .a’2e J. ai~~ a ,  -v i  t he c-nt--

~~~ ~~~~~~~~ - ~u th~ s-; ~-ir o a:t.~. The

30’ . TiY1 ~ 3O ~~~‘- ~~~~~~~ Pt :-~~
t s ~~~~~~~ ~hr . ;;-~-~~-~~ - ‘-y t ,h ,Lt “V~~~ 1S

C . 1 ; ~~~~~~” - - ~~ t E ~)J’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘i1 ~~1’3 ’ : . i - ~ -:- i0 i if th .~ t ;V,~~; ~~~~~~~~~~ ‘.- ;- c t J -~

- 1’-~ If ‘a s’~-,u So sa-v3 a~ o ~a h~ m e  or

~~~~~~~ c . ; . .-uo : ra. as ~~~ d~~1. :~ ,e V a .~~.t ~~~~~~~~~~~~~~~~

•~roro the ~ i- -e is sin’~~Lir o~-~
- - l:,’ fed is~.-c~ r~j -~ i~j ~

— - ,

‘ ‘ 1
~~~

-v - 
~~~~~~~~~~~~ b -  ciiH- . r~es:-~.t -~~~~ a s :r a.~ oc Lie sa:,-rt e 

V

th e -I~;ia 4 :‘o ’o’,’Le n - :- r  ~-TLth aI~ :i~-o -
~ c~r : a c  to Lie uppo~aU o

s:L V -;n — ..:-~~~. 
‘
~~ ~u-s~~~~ i-: , ~3 V ’V

~1 a~ a ‘ . ~.i i ’. r 3 a 2:i- ~~~~~ ~.riv~
- ry ~:-slo ~‘ i a  ‘~ .~ 1a-~ua a; ’i .~-~ the -:-

~ t~e~ ccs ~sa-: r a • e~. V

3 v—~ 4 Oi- :: S ?~~~~~~; a c  ~4 V ’3 fe: snot aha rks  ~-;it~h Li-:. sig --

a 7 Li .‘~ ~~~~~ Po :- :-. 4’f - c-r iLi ie~- - i c-~~~r~e or

.-~~ 1’:- ’ ‘~-~~~~~~~~~~~~~ ‘ fo -~- 1.~~ ’ ,~’ •1-e olaL --: h:; L ii- appe-a r a  is be

is •Lilt ’ f vt  i~ j ill hc;l~

a ~-r ~~~ , i: ;::i.v i:u .~ho-~o o f  mi: - :s.

~~ ~~~~~~~~~~~~~~ ~ -- -:~~
-
~~~ 

i~ -a ~~~~~~~ uil~~r Lii). pro~~u c

‘-a - 
-

- ~~~
- an C~~~~r- j~ ~~~~~~~~~~~~~~~~~~ t~)

-
- . ‘-~~L -

-cl  a’ - a a ~~~ Lia1. ohI~~ 5 :’ ~; a
~~~~~

1 V :
~
C3

Li . - 
. ia: ‘

~~~ ia icu and r :s Lion of the ai~ r~al the ~~~~~~~~~~~~~~~~

?- . : , -~c ~~~~~ i~-t~ r53 o . ’:-: 0 ~ ‘O 02 ‘:e e cc- -;~~-u j - J . r  e’!J .SC S to

~d iaio he .fr~c~’ed f:,ltc ~avcrol techniques to ac-aievs

i h ia ~,hca1d Ic po 3 s ,  ;ls. P i . l cuitics arLi inr l from doppler
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c t : ~ n ’ y Y t c - a a l ’ h  ,~~~: Li : - ~:-o - - ho a :~4 a 4~- limit 01.~~:~

zoo Li ’  a , ~‘h2 : ,  ~~~~~ Li :1: -~-ac ~~~ ::‘. ‘a i-~r~~1 are (a) heter—

:10 ~~~~~~ ~~~~~~~ -
‘ I aae-: ;s - 

~~~~ to ~~~ a ho— . frequency

goa-:-fatec~ I; a ~~P-i~ to a b ;c~ that can be Ur:nsa’ittod

aT Id uo-~;ri Y0 ~~: i2~0~2 r-:o L aast to lb -rr i . ’i-iLi .~ a-a3.~ (b) Fl-I or

jY’I, ~ad:~1 ,,,1’ j,’, 
- a :‘~~‘T”L-:r- ‘ ~~r C- ccJ -~;ut nad dc odulaI)_ :-c~

-ma - f an  a ral (c)  ‘:- ,zic i~~~.na~ a ~Li -ad ci~ aal ~ cacr—

b~— a FFi’) ; rii,~ cv- ixv ’ Lie a’imc Li Li ‘ f —  rc a 21V;ar -:. rV d de te’)V,--

ing it ~-i-: L a filter ~;- :~~ to :oLieh thc eic :nal  :faen it hoc

I~en ::. -~ -i~ d 1-~- clip :-in~;,

:‘h- -~ most sect v-s c .~ ti-- olly o’tt .-h the  ~irLi rcLiho :~ w o - ’L d

Is ~~~ :.ai, l 0 ~ f~.o2,Lion o~ aof Lip~1.-a ~ii :-20 the t-rn~ sn Led ;~axi d

is h Lio--s ~.~c-od i — ao l ~ i~ o L.:- i[-Liol S ’ ~aV O e .  Phe second

‘,l~ saLi a- -:c rir-o:-,l~ in tie ‘:. a-osoncs of intsr~?acin ~’
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a sa - i eo  ef ~ L-~~~OcaC-cs was :o- -a5c l , aoua  ii tIc .taloer. the

I-~--~ _ ‘ c-ed3i -~-~ -ihc ~~ai -_ -~ ts - ~ I ’ and the b e e  i .  no during

,h-? ~:--~ cs ‘ --I 2 3  1~rr i6:~ d f rom Lie g::-c .hiciJ eclatior

‘die .3iir-a: irs— aJa~-iii:s in ~lo ...-l~ ~‘a: ’: ii::o :s -: due t- ,

in t 0 2  load i v . : J- , a  553 1 irig in shi~htiy ~~~~
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