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Tn echo ranging eystems using correlsation techniques it
is necessary to introduce an artificisl delay in the cempari-
son aignal

to natch the travel timo of the transmitted signal out end the

R
-

echo back, For wide band systems the sxtificial delsy time

P R

must usvally ba veried slowly to maintain an adequate aver-
aglng time vhen pessing through the correlation function, and

unless the resuired deley is knovm in advance to a falr degree

A a0 e At

of epproximation, long periods of search (in range) may ba
required to iocate the correlation function, To sherten the

tine spent in cearch some sort of miltiple~processing or

aneed-up syatem is required, Thus it is possible o use &
uumber of corcelators in parallel time~wise, sach operating
ginultancousiy but on comparison gignals with different time
' delays. Or by speading up tha signal 1% is possible to

£ asarch more yapidly with a single correlator. It is the
purpose of the presant papor to deseribe an eche ranging

system utilizing en Automatic Recyeling Muitiple Samplerl

(ARMS) aa the device for eposding-up the signal for more rapid

1. B, €, Besterflcld, Autonatic Recycling Multiple Sampler,
1L Techndeal Memo Mo, 132, 17 fugust 1955. (Unclassified)

search In range.
Deseripidon of thas Rapid Corralation Bcho Rauger
To the sinplified block diagram of the Rapid Correlation

%cho Ranger chown in Pigura I, a Pseudorandon Noise (‘narxera.i:ox-z’3 1
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2. R, G, Stephenson, FPssudorandom Noise Generators, NFL Inter-

nal Technical Mewo. Mo, 109, 23 Nov 1952, (Confildential)

3. W, B, Allen end F. J. Swmith, Psewdorandom Nolse Cernerator,
NFL Tochnical Kemo. Ko, 3G, 26 May 1954, {(Confidential)

(FRNG #2) 1s used to produce the signals. PRNG #2 is drivem
by the recycling pulses irom mnother FRNG (f1). IRNG #1 serves
a dual purpose, it acts ns 2 pulse frequency divider in the
ARME unit, and alse provides a comparison signel for correla-
tion with the sped-up signal ocutput of the ARMS unit,

Te block labeled Transnitier includes such £iltaring,
modulation, end amplifying functions as may be required, in-
ciuding the transducer for placirg the scund in the trans-
mitting modium. Similarly, the block labeled Recelver includes
tho pick~up vwait ard any filtering, aaplifying, and demodula-
tion functions required ofter transmission and prior to epoed-
up, Ths block labeled Correlstor is also quite general in
function, contzining any necessary additional -ﬁltering,
ligiting, amplifving, heterodyaing, multiplying and rectifying
furctions includirg, if required, = bank of oufput filters
for doppler determinstion, The blecks comprising the ARKS
unit are encloscd v the rectangle indicated by dashed lines.
By providiug a soparate, erystal-controlled pulse genorator
for driving PUR #2, the system becomag ons for one way lrans-~

mlssion and racepticn Anstead of echo ranglng.

2.
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Plgure I, Simplified Block Diwgeon of a Rapid Correlation
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Operation of the Rapid Corvelation Ficho Nanger

The master pulse generutor, which may itself be driven
bty a crystel controlled oscillator, providass ¢ pulses per
second for driving the R-stags hinary shift register and
FRNG #1, An n-stsge PRNG recycles aftor N (= 2%-1) pulses
and can he connected to emit a pulse each time it recycles.
TREG /1 will thus provide ¢/ / {2"-1) pulses per secord to
drive the sampler, the seiscior, and YRNG #2, Since RIG #2
i1s also an n-stege unit i1t will go through only one cycle
while MG 71 is going through 2% 1 cycles, It follows that
the output of PANG #1 is simply a sped-up version of tha® of
PRNG /2, the speed-up factor being 2~ 1, Teking R = ¥ ~ 1
- 2% . 2, the output of the R-staga binary shift register in
the APM3 wnit is also a spedeup version of the meceived signal
7with o apsed-ap factor of 2° -1, Neglecting noise snd doppler
on the echo it is thus seen that the output of tha binary
shift magister is nearly the ssme as that of FRNG #l.

The essential difference 13 that the FNG #1 recyeles sfter
¥ (z 2™ 1) counts while a sanple in the shift register ie
rosyeclad after R (= 2%~ 2) counts from the master pulse genera-
tor, The output of the binary shift register is thus stepped
anlong one stago with respect to the ouﬁput of the PRNG #1 each
time the latte:r recycles, Afler the first sample from FRINC
#2 is introduced into tha shift register it roquires N-2
{2 P 3) recycles of PRNG #1 to £i11 the shift regizter with
sanple: from TRNG #2 and bring the output of Uhe shift register
1n sssential phase with the output of FRNG #1.

dao
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During the nexl recycling period the cutruts are in step and
peak correlatien cecurs. .« slight thecretics) improvement,
in performsnce of the system is achieved hy having U stages
in the shift reglstor and using the cutput from the Bth stiage
to recycle througa the selector. The output from the Fih
stage will then Y in step with the output of FPRNG /1 while
the latter 1s going through its Nth cyele, In this case,
neglecting dopoler, the pesk correlation would extend over H
instead of the previous N-l samples. For large values of ¥
the inprovemont is neglizible,

Teking £, as the center frequency of the signal prior to
spsed-up and £ £ ac the nominal frecuency spread, the nominel
punker of cycles in the autccorrelation function may be ftolen
as {/Af, For a rectanguler spectrun the normalized auto-
correlation function is ii%g%r cos 2T £, T, from which
it is secen that one cyele of the correlation fmciticn corres-
ponda (0o a differential dolay of one cyele of the center fye-
quency in the signal, Since the sampling rate is /T, the
nurber of semples pur center frequency cycle is ¢//Ff.. It
follows that the rumber of stages occupied by ons center Tre=
quency evele in ths shift register will be ¢¥/Nf,. Since
there is a differsntial delay of one stage each time FRIG #1
recycles, it will reeycle Y /Nf, times to produce one cycle
of the antocorrelaiion ﬁmc'f:iono To produce £, /Af cycles it
would need to reeyclo //MAL times, The recycling perlod is
§/¢, honce the timo required to run through one cycle of the
correlation function is 1/f, and the nominal duration of the

5.
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correlation funotion 1s L/af,

A bornd pass filter with beandwidth o f and center frequency
£, on the output of the correlator would therefore be adequate
to achieve the maximun averaging time of Iy » 1/of. This aver-
aging timo could also be achiecved Yy rectifying the output of
the correlator end using a low pass filter with cutoff at
1/af. Since all frequencies Jess than half the sampling rate
are sped-up by a factor of N, the freguency spread of the
signal after speed-up i3 Afy =« NOf, The maximum processing
gain is then given by

TpOf) = N g 281 (1)

Effect of Doopler in the Rapid Correlstion Feho Ranger

Ir the sbove development 1t was essumed that the doppler

was gerc on ths signal being processed, In general this will
not be true and the effect of deppler must be taken into
sccount., For a veloelty v of the target relative to the
echo-ranging vsssel, the fractional doppler is D = 2v/e, o
boing the velocity of sound in the transmitting modium., I7
vy is the maxitum relative target speed to be eméc'wd, the
nadmm oxpected doppler will be Dy = 2vp/c.

The effect of doppler is to produce a time-wise comprassion
or exfansion of the signa’. A signal which with zero doppler
ocauplod ¥ stages in the binary shift register rill\. occoupy
{1~D)K gtages when subj-a‘cted to a fractional doppler D. Sup-
pose that at the beginning of a recycling pedodAHlm #l 1s
in step with the spad-up PRNG #2 signal cn the output of the

6.
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binery ehift reglater. At the end of ths recycling period it

would be DN atages out of atep, Thet 1s, a differential delay

of Dllzro/c}‘ ocenter frequency cycles occurs during each recycling

period, It follows that the correlator output is swept progreas-

sively through this number of cycles of the correlation function

during each recycling psriod of PRNG #1. Since the duration of

the recycling period is N/ the output frequency during the

period is DRf,. An adjustment occurs at the end of the period

so that the net differential dolq/?ni'mé:r cf;e ‘iﬂcwc:iﬁg

period is approximately Nf.//, the same ss for zero doppler,

1f DR 18 small compared to unity the effect of the doppler will

be to indroduce a megligible perturbation an the correlator output,
For DN large compared to unity the doppler must bs taken

into account., Suppose a bank of overlapping bandpass filters are

placed on the cutput of the correlator to match the doppler.

The bandwidth of individual filters should be at least 2-4/N to

accept side bands introduced ty therscycling frequency, and the

centsr frequanciocs would range from f, %o D.Nfc in steps of

2P/, If fo is taken as (f/3N (ove third the sampling rate),

the center frequencies of the filters would vary in steps of 6f,

and the pumber of filters required would be about 1+ DpN/6. Since

the correlator output is swept through Dﬂ2f°/<.0 cycles of thas

correlation function during each recycling period of FRNG #1, there

should be at least this many cyocles in the nominal duration of the

correlation function to avoid serious lttenunt_.:lon in the output.

T™is gives o /ot 200t/ (2)
or  3(O2), » DN/ (3)
7. CONFIDENTIAL
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whence (A1), & Pfog (4)
= 3f(/ D, DN=3
a fg » Dl €3
when f, is taken as (¢//3N,

The maximum doppler to e expected may thus place serious
limitations on the bandwidth of the signal which may be euploy-
ed. If this linmitation is adhered to, however, the nominal
duration of the output signal will remain Ty » 1/Af end the
maximum processing gain will he 2P « 1 as before. This maxi-
mum processing gein cam be achizved by recidfying and low-
pass filleriag the output of the band pass filters.

The maximunm value which can be used for the master pulse
frequency ¢/ depends to some extent on the type of binary
shift register which ig employed, Transiztor-type ehifi registers
can be operated a®l rates as high as 3 or 4 megacycles for axan-
ple, but there secms to be some question as fo thelr relisiility.
Miniature magretic shift registers can apparently be relishiy
operated at 100 ka, For the moment, therefore we will take the
naximm driving freauency for tha ghift reglster as

4/m & 100 ke {5)
Taking the velocity of underwater sound es approximately 5000
ft/eec and assuming a maximm relative terget range rats of 30

knots gives Dy 0,02 {6)

aa the maximen fractional doppler to be expected in echo ranging
gtudies. For ahip-to-shore transmission studies slower speeda

nay be expectad, In a pertieular application being considered

&,
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6 knots may be token 2g the maximum ship-to-shore speed to be

expected. This would give
Dm, = 0,002 {73

Taking these two values of Dy as extremes, it seems worth
while to tabulate the corresponding values of (&f), for vari-
ous values of R in equation (4). Since the sampling rate is
"///N, the maximmn center frequency may b2 represzntsd by the
equation (£)y = Cf'ym/ﬁs )
Lquation (8) is based on the assumption

af € (Lo)y (9
since the maximw frequency in the signal should not excesd
one half of the sampling rzte. In the following table (Af),
hes been given the value of (fg)y when egquation (4) would have

given & larger value.

Table I
Dy = 0,02 Dy = 0,002
6 63 62 529 cps 529 cps* 529 cps¥*
7 127 iz 262 2623 262%
8 —we A~ —asaven . -
V 511 510 65 19 65%
10 1023 1022 33 L.8 33%
1l 2047 2046 16 1.2 12
. % It should te pointed out that while these values represont

brosdband operation in the sense that (A1), = (f4)n, they may
not be broadbend in the ordinary meaning of the term. {, may
be the center frequency after demodulation and hence may be

very much less than the actuval carrier frequency. For qo:z e

all values in the last thres columns of Table 1 would be n-

creased by a factor of 30. qr-
9. e NCLASS 717




