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• UNC LASSIFIED

This c:~L r n n i : .;~ describes a study undcrL~ ken tc anal yze in detail a

sign~1-pr ~~~~~;ing  p~ cn c r ~~n~ observed during sea tests and in the I~~bora t~ r~~.

It has bo~ n t~re~ ~~~~ to sh ’w others at 1 L  the extent of these effects in

the prtrticeThr s~ i-p ’~ c~~~in~ system used . Li r:A•ted outside distribution

is c’ ~~~~ cd. T h i s  :: ~~~~~~ presents the results of a portion of

C r~ ~rv-~ n ;  wc~rk :n r f ~h1o~: number E119.
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CC~ F1I d TIiL

L~~~~~ Tc~Y : YP:~~l: ~~~ TO I V~STI~ V1E ~:FFECTS A::D CAIJS!•:S OF
DC I P1 }T~ SI’ ~i~W1 ~:c I :ETL . O T ~ r Ccii T LAT( dS

3.0 P~TJ (~~F~ CF STUDY

It has been rcpcrted in various publications and observed during recent

sea trips that in a heterodyne correlator systen such as er ploycd by the LORJW

equ i~~~’n ’~~~~~rre 1ation pulses (obtained as a result of target detection) can

and do appear slaultaneously an more than one comb—filter tooth.

During two local sea trips, analop tape dat a was taken of ten adjacent

ce~:i’—fi1ter teeth to observe these effects.  ~‘hen these tapes were reproduced

in the I~boratc’ry and recorded on Visiccrder tape, spreading of these pulses

acr ’ss several filter teeth was observed.

This laboratory experirm~nt has been undertaken to deten. Inc the extent of

this spreadin g effect in the controlled environment of the Laboratory, thus

getting away from pos~~ble sea rr ediuin effects.

Prior to the sea trip experiment, work on the laboratory signal processor2

had iridicated that frequency spreading can occur even under these “ideal”

laboratory cond~tiono. This ~d tuation was first noticed during the checkout

and de~~gging phase fo11c;rin~ extensive modi fication of the laboratory equip—

ment. The modifications allowed, for the f i rst tii .e, the selection of one of

three .~~t.em sample rates, and p cvided for the monitoring of individual comb—

filter teeth.

1 T L i ~e~ ur t  1060, ‘ LE~~J) Status Report’ , 9 bctober 1961, C0NFIDEmU1~~~~~~
Ifl ~EJa Teci n~ ~~l ~:o randum 846, “Laborator•y Instrumentation for

gon.ar gi~~-~rl }‘~ramcter StvdJe~,’ by P. H. }la~kea. T

2 C( 1’IDENTIa ’kL
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It was found that there was a 6 db correlation loss at the lower sample

rate (200 Hz) compared with the two higher sample rates (400 Hz and 800 Hz)

when processing a zero doppler 100 Hz band~~dth PU signal. An investigation

showed that at the 200 Hz sample rate, the correlator output was divided

nea rly equally between two comb—filter teeth which were located a distance of

two teeth on either side of the~~~
’ero doppler”~tooth. This frequency splitting

was not observed at the higher sample rates.

The cause of this problem was traced to slight frequency errors in the

correlator’s heterodyne oscillators. When the oscillators were replaced with

precise frequency sources, the problom disappeared. It was experimentally

determined that the optimum difference frequency was\QS\
9.85 Hz. This compares

favorably with the theoretical value of 99.24 Hz which tones about from the

f oll~ ..r1n~ :

1. The Ecitic has a basic clock rate of 1 ?~Hz.

• 2. The Deltic is mechanized to correlate sixteen signals su~u~ntial1y

for 313 usec each.

3. The sampling period is thus :

313 x 10
6 
x16 5008

(a sampling frequency o2 approximately 200 Hz)

L. There is storage ca~~.city for 939 bits of inforrnatici n, giving

939 x 5008 usec 4.7 seconds of stored d~ta

5. The c mpre~~ I c n factor is:

nf~ L~~~~1~aJ
ead ir~_. 15, 024

• Time cf in foraat ion  read ~ut 313

3 C0NFID~ NTIAL
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6. The input  band ;ridth is related to the correlator output frequency as:

1.5 x l0~ = 97.84 Hz
1 5,024

where 1.5 1Hz is the correlator output frequency for zero doppler.

The doppler rpreoding seen in the sea trip data closely resembled the

effects observed during the above described laboratory experiment. Therefore,

experiucats were undertaken for the purpose of establishind a quanti tatIve

measure of the effect of heteredyne difference frequency on corrclatcr ca~tput.
0

This s~.ucly is comprised of two parts:

(1) J)etermination of the heterodyno oscijiator frequency accuracy require—

monts (such that a zero doppler target appears on the center tooth of the

corr.b—filter), and

(2) Dc~erir~ nation of correlation pulse spreading across the tooth when

an artificially-•dapp]eri zed target is used.

2.0 PA~~J

These experi;: ents have been conducted with the Labrratc:ry Pr’ ccr~~’r using

the fo1l~~iJ ng s:i~ tem para~etcrs :

Signal Type : Pseudor~ndem noise

Center Frequency : 1500 Hz

Banthtidth : 100 Hz

Sampl e I~ate s: 200, 400, and 800 Hz

Reference Heterodyn e Frequency : 1450.00

Signal Heterodyne Frequencies: 1549.00 to 1550.60 liz

Psoij clor and~ :. i se Cencratc r Frequencies (~ encrat ing a r tI f i c i a l  dopp ler ) :

399~~.50 to 4004.00 Hz (for outpu L~ on fr~ n teeth 12 through 23)

4 CCNFIDF1’~TI~ L
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3.0 l’ 1PI~-~~T

A block dia:ram of the system is shown in Figure 1. It consists of the

L-thc’rat’--ry Prc c~ aa’-r and Deltic (the latter modified by a Multiplex Puffer

providing abilit y to operate the system -at variou s sa~aple ra tes);  a Frequency

Synthes~ zer , General Radio , type 1161—A ; and a Honeywell 1508 Visicorder

(12—channel).

4.0 F C C ~ThIT’ES

4.2 Het crod ync Difference Frequency Accur a cy Tests

4.1.1 The cauim :~cnt was turned on and allowed to stabilize.

4.1.2 A ~amplc rate was chosen.

4.1.3 C~ mb—f ilter  teeth 12 through 23 were connected to Visicorder channels

1 thr uTh 12, r capac~ ivc1y.

4 .2 .4  A reference si gnal heterodyned at 1450.00 Hz by the Frequency

Synthesizer (F.S.)  ~ras stored in the Deltic.

4. 1.5 Tao F.S. was then set to about 1549.24 Hz to cbserve that the system

was c~~ i” ‘~~~°: c or r c c t i y  and tha t correlation spikes were being developed at

comb—filter tc~ th 17.

4.1.6 The F.S. frcouoncy was then varied frcm 15149.00 lIz to 1550 .60 lIz in

c ivaen  steps. At cad step seven or eight correlation spikes ~iere allowed

to be recorded °n the V~ 5ic ardei’ tape. Points were obta ined closer together

in the r~~~i r n  cf  35/ 49. E’O to 35/49.90 lIz to observe th~ detail near the middle

of the a (I( ~~1 • r  area.

5 COI!FII~ UTIAT.
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4.1.7 The above steps were rcjcated for the other srurple rates of 400 and 200 Hz.

4.2 P.rtificial .l’r.-DoprIl .erized Tests

4.2.1 Steps 4.1.1 through 4.1.3 were performed.

4.2.2 For a signal hetorodyn e oscillator, the regular 1550.00 Hz crystal

osci1la~~r card (with a treasured frequency of 1550.22 Hz) was used in the

Deltic. The 4000.00 Hz tuning—fork oscillator was used to drive the pseudorandco

~enera f or.

4.2.3 The Frequency Synthesizer was set to 1450.45 Hz and used as the reference

heter dync oscillator.

4.2.4 After the ab~ve reference was stored in the IJeltic, the Fi Generator

oscillator card ;ro s rc .. oved and the F.S. disconnected as the reference hetercdmnc

oscillat’r. The F.S. was then reset to 4001.52 Hz3 and applied as the PH

generator csciJlator. Thus the PNG frequency could he v :ried , acting (in this

system) as an rrtificially—dopplerizcd target.

4.2.5 The F.S. si gn i was then varied Ire:: 3998.50 to 4004.00 liz in steps

and da ta taken as in 4.1.6 and 4.1.7.

5.0 L• TA N TYSIS

For earl sar p~ o rate the Visisorder t’~ ~cs were analyzed by moasurin~ the

recorded correlati n p’ilse rreiitudes and averaging these arplituder for each

frequency and for cac i affected tooth. These aver~iged amplitudes were then

act :- 1 (rretsur d) fre~o.ency devel ~ped Hg the P1 generator oscLilator card
was 4001.52 l~~. This :ios the zero do~pJ.or freouency used.

6 CONFThENTIA1,
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recorded on r.:itrix char t s , Figures 2 and 9. Curves were drawn from this data

for each toat }. aver the fr~quency range showing relative improvements of the

correlation pulse ampli tude at the different sample rates.

6.0 rU’~;HLTS

6.1 rat r ix  Chart and Dopp] er Teeth Curves

6.1.1 Frc m Figures 3 through 74 it is seen that varying the signal heterodyne

freouency with r :spect to the reference heterodyne f requency gives a simulated

doppler effect. As the difference becomes greater than 99.90 Hz (zero doppler)

sitTnals appear on the higher—numbered doppler teeth giving the effect  of an

opening t~ rget. Frequency d: i f fcrcr ices  less than 99.90 liz give the opp:s~te

effect.

The coml -.filter teeth are seen to peak at about 0.2 Hz (input equivalent

doppler) from each other; th~s being the doppler resolution of the system.

It is given by where T is the length of the transmitted paise (see

p: r- grr~ h 6.3) .

6.1.2 nplitude

Figures 3 through 7 also sh ow the effect of sample rate on correlation

iulse ar .ltnle . These amplitudes are compared in Figure 6 and show that

cons dcr~I l e io~ r vta :ent in amplitude is obtained at the higher s-ia.pie rates.

This i ;j  - ‘ Yea ’ nt is substanti~l in going from 200 to 800 Hz (of f—zero doppler)

b-rc u~ e c f  a ‘ s~;rc dino ’ phenomena -dhich tends to put the pulse energy into

ia re than °ne t~ ath, diluting th e signal seen on the correct tooth.

se fi guras arc of s .:ait~’neouc r ults but have b~cn put on separate sheets
for c’:rity.

7 cawxDI~r:’I I;•.1
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It w-~~; observ e that a correiat.:i on wil l always appear on mer e than one

toath . Dopenclino on the inc m~ nr~ doppler frequency, the s:i~~al will eith er

match exactly the center f r c a ucncy of a particular tooth or be off slightly

one w-g or the other. In the forcer case, alIcst all of the signal is seen at

the tooth’s output ~ri th a little seen on adjacent teeth. In the latter ease,

the s~ al energy is split a1 ;rng adjacent teeth depending on the incosing

freou ncy and the accuracy of the canb—filter teeth frequencies.

6.2 Haterodyne Difference Frequency Accu~~ cy

It is sec:~ fforn Figure 5 that the correlation signal on tooth 17 (designated

as zero doppler) peaks at 1549.84 Hz for the 200Hz sample rate and about

1549.90 liz for the 400 and 800 Hz sar:IrTLc rates. Thus, the difference frequency

for the si gnal and reference heterrciyne oscillators is 1549.24 — 1450 or 99.Ch

liz for tho 200 Hz sample rate, wld ch is identical to the calculated value

(page 4). ‘.t the higher sampl e rates the difference frequency is s’;:aowliat

hi gH er ’ (99.90 Hz).

6.3 Heterc dyne Frenu ancy Stability

it is desired that a zero doppler target appear only on tooth 17.

Stabil ity requiremen t s on the heterodyno oscillators are obta~ ned from the

following:
1 1

The doj .~1er resc: t uti. cn  ~~~~ ~ 4.7 se~ 
= 0.213 cycles at the in~uL to

the ogoto ;

it is related to the cyster. output via the compressi on factor, 15,024,

giving an output rrs i L]on of 0.21.3 x 15,024 3,200 Hz. Thus, adjacent

c t c ’t — f i l ter t~~~th are 3,200 Pz n.jv~r t .  Thi s is the bandwid th of each cos b—fil ter

t ’ eLi:.
8 CONFJI:’IiTF1



C IHP I i :~ : 1 ‘I

The stal l ii p of the }:oLercd gn2 osi U ~~:‘s must ho such that under wor’zit

case cw ~itic n s (~~j r y i a l  and rcferenn . f’r n a rt ’ i r:; diverging) the d if f e ren ce

frenu;so~r he - am :  te one—li - if t’ .t:a rvs l::t~ n , er = 0.107 Hz.

Using 99.~ 3 Hz as the cor roc t heterL dyne frenooncy difference, the signal

~5cili at or would be 151:9.90 Ho and the reference cscil lator , 1450 lIz. C worst—

case con ~ ticn io uld put the si gnal oscillator at 1549 .90 ± 0•~0l 1549.9535

Ho and the reference osci1l~tor at 1450 — 0.053 = 1449.9465 Hz. This give:3

S 4 ah~ 1~~t :i rco~m rcmonts of 0.(jO345 . fOr the mi ‘n-i and 0.0036: for the reference

~ ‘ 5 5 .

6. !; ~rt,i C ICI l ~y--Pofllorized fign~’l s

Fip :res 10 thocu l: 14 show the effects cf varying the PP g oner - tsr

nsc f l  I tsr to s~ :oul.ats dof pi orizod targets. -~ s the f renuenry  is inc cc-a sod ,

a d c c  no target is si i r l at e d  and si gna Is cn:crgc fro~ V the lower teeth (with

respect t tc ti: 1?). The opp site is true for frequencies lees tins that

rc-r:~rc-cI for zero dca~d er.

6 .4.2  i~~~t p i er  Pe sc] .ut~ on

F’’j : I s rc oc1 utir ii e n  ho obtained in ter .s of the Pu Cenerator clock

fr ec : : :scy as f ’ i ] c w s :

1500 -- 

4000

f :r 0.568 Hz
1500

it, c - n  be seen from t}: cu rves tha t the p eaks  cf adj- coni. t~ L. Lh are approx—

to] ~ O.~ i!z - - ;  r t .  It war also ch r o r v e d  th t the 2U0 liz s rople rate caused

9 C0PFi!i HTI~L
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a t spreadint l effect  at off—zero doppler frc’euencics sir-lIar to tb-at described

in paragraph 6.1.2. This spreading was soon to hnc’-r::o worse as the frem.enny

was raised or lowered f r o m  the center frenrr i;ncy of 4001.52 Hz . It was observed

that an input, signal givi ng an output at t eeth 1 also gavo an outpu t on tooth

34 and visa versa.

7.0 COO CI UTh to

7.1 liutrr cd yne—P’runuency C-scili .t r r  Accuracy and Otabil ity

The ab ove discussed d- . to- h-as sin - -rn the need for a v-org a c c u r at e  cii f l o rence

freon- meg ~s dorivci frc;ri the sign-i  and reference hotur-a d yne c~scillatc-rs. Thi s

roust 1 e 99.90 liz fer the c ’rrelatic n pulse to api - -Ta r on t ooth 17 fran a

doppler t ar g et  at s-ar: pi .e rates cf 400 and 800 Hz.  Due t.o the L s~~_ d ~~fl .,  c Of ~~c 4 ,°

seen at the 200 liz sampling rate , too much ar:.p]i4ucie is los t  as corr u.ar ’e’J wi th

the l i m P e r  c-:npl e rates . Therefore , this s-angl ing rate eh uld n-at he used in a

he te roda -mo c~rrelaior of this typo .

The s t-b U lL y requirements on these oscillators shc ;-r that in roiro to

have a corr -e atic .n pulse appear where it should wi th a p a r t i cu l ar  cici pl er

target, ~ frequency st~L i l i t y  of ±0.O03.~ is required in the worst case.

7. 2 1’~r -  if  I ciall y- Dcpp leri zed Targets

~;it.b correct hetcrrdyne oscillatcr frenucnc~ s t o r e d  in the Peltic , it

has ~ a oh aa~ that a ‘sprc:tdinq effect’ is very c-vJ.d’n at the ~00 h z  s -a:. t ie  -

rate ; I. - the c-xU -r t tim t a ~.Lgnal d c ! ~ len sod to appear -at tooth 1 will alsr

app ar at ter tI 34.

, ,  t .  th e /~01 and 800 1 t ax : n ra tee , corre] at i -n g i l  see will a~~ -ca r on two

r t hr e e  a:!~ acerP. L n t ,h hut  wi l l. 7 )t he s~.reod ace sS l a r ge port I a:; of the

C - :  Ia f i l  ter 1 :ih.

JO CCNh’J gflU’iI .’r,
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Recently, the hcter- -dyne oscillat. re were rcc ’ -ied frost the Dcltic used

on the ~~~~ and measured ver~’ accurately. It was seen that they differed by

100.45 Hz instead of the desired 99.~ L Hz (at  200 Hz) .  Thus there was good

reason fcr sa-1O-O of the doppler spre ading observed in the sea data. Sea medium

effects could account for a p o: ’~ irn of this phenomena and will be explored in

the future.

Spreading effects at 200 l i z  simi lar to those observed during sea t ests

h— ye bee n d~ p l i ’o a t t r d  in the lahc r a tr r -y . They can be rain inized by having accurate

and stable h e t e r a d y n i  oscillators and by using sampie rates in excess of 200 liz .

4 -
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