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ABSTRACT
(Secres )

The Madre radar sigral processing technique provides a large
sigmal-lo-noise improvement over convestional radars for targets of
cosentially constint radial velocity, but this improvement is degradoed
whencver the radial velocity change within any 20.sec perivd produccs
a doppler change greater than 0.38 cps. A! a carrier {requency of 26.6
Mc %s is pobduced by a change in radial velocity of appruxiautely 4
knuts occurriag i 20 seconds and represents an acceleration, if linear,
of 0.2 knot por second. This limit 18 normally not excecded when vicwe
ing Wargcts of manned aircraft, but it may be expected (0 be excevded
in the viewing of missile launches. To overcome this ncceleration doge
radation of the signgl-to-nolse ratio in the Madre radar system, an
acccicration gate system is being developed.

Radial velocities and accelerations via a one-hop lonosphere ray
path have been calculated for a Jupiter missile launched from the Atlan.
tic Missilc Range with cbgervation points at the Chesapeake Bay Annvx
of NRL and also at a point in the plane of the trajectory. Calculations
showed a sysicm degradation in excess of 10 db for mostof the poweraed
portion of the launch for cach point of obscrvation.

A black diagram of the Acceleration Gate System is shown, and a
briel description of U curve maiching technique is given. Significant
progresa 18 reporied on scvcrual hey circuits of the new system.

PROBLEM STATUS

This is the (ir st of a serics of technical summary ropurts an tho
probiem, covering sysiem theury, calculations, and planning. The work
reporied was conducted during ihe period July 1, 1980 to December n,
1960. Work oa the problem 18 contiuing.

AUTHORIZATION
NR1. Problem RO3-17

ARPA Ordar No. 160-680, Project Codc 7300
of June 23, 1960

Manuscript submiticd November 13, 1962,
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DEVELOPMENT OF AN ACCRLFERATION GATE SYSTEM
FOR THNE IMPROVEMENT OF THL MADRE RADAR

PART | « SYSTLM THEORY, CALCULATIONS, AND PILANNING
| Secret Ttle!

INTRODUCTION

The pprposce of adding an acceleration gale system (o the Madre radar I8 () to permit
the detection of targets having appreciable acceleration that would otherwise be undetoct-
able hecause of smignail-to-nuise losses in the prescent system attributable 10 accelcrating
tarpets, ahd (b) tp retain the sigmml-tu-noise enhancement capabilities that the existing
sysicm poW das {01 monaccelerating targets. This defection will effectively be accom-
plished by a curve matching or (itting process. A large number of bullt-in (unctions will
e compared simultacseously (or the best match with the accelerating target signal. Orig-
wmllv, a 360-gate acceleration gate system was proposed; however, for purposes of econ.
omy. a system is being developed huving only twolve acceleration gates tatlored to the
missile trajectorics out of the Atlantic Missile Rangs (AMR) an vicwed from NRL's Ches.
apcake Bay Annex.

BACKCROUND

The prescnt Madre radar system processes the target doppler signal and displays §t
tn twu dimcensions, with range rate as the ordimate and range as the abscissa. The coordi-
nates of each target are idemtified by intensity modulating the grid of the cathude-ray-tube
duaplay with the target sigmat puise. Dopplcr signals from 3 to 80 cps frum the receiver
arc sampled and stored on the magnetic drum. Here a time compression of 83,800 to §
oucurs, causing the doppler signals read owt of storage (0 cover the {requency range of
0.4 10 1.5 Mc. These signals arc processed in the analysis channel and thon drive the
c1t display.

Figure | 18 a Liock diagram of the analysis channel. It consists of a8 mixer which
accopts signals from the drum and a reference osciljator that is swept in (requency. The
difference {requcacy (s selected by the :arrow bundpass crysial filter centered on 13.0
Mc. Ns bandwidih is 30 ke, heace only signals cuntined to this band will pass ow (o the
detcctor. Purther {iitering takes place-in the low.puss (iiter where the signal bandwidth
is now Lmited to 0 20 2 kc. In all, the signal bandwidth is effectively narrowed by a ratio
of 41,400 to 1, thus 1mpruving the signal-to-nolse power ratio by a similar factor.

The signal as read out of the drum storage comsists f 23 range gates (0 to 450 naut
ms) of information occupying a single track on the full circumference of the drum. Each
range gate has 3600 sampies of signal written 1n it, which took 20 secoads W complete.
The readout of all 23 range gates takes place in one drem revolution, or 1/100 second.
Due (0 the time compression that resuits, the signals can be analyzed for all range rates,
as well as all ranges, In only two seconds, where otherwise a large multiplicity of {ixed.
freq.>ncy doppler filters would be required. Range rate is measured by moving the stan.
ning oucillator about 22 ke for each drum revolution. This means that all 33 range gates
are smlyzed for signals lmving & particular doppler {requency, and thus range rate, in
this period (3.9 msec). Nuring tbe next drum revolstion all range gates are examined

SECRFET !
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for sigmia having the next highcr range rate. This process continves for about 330 drum
revolutions, or nearly 2.0 secomds, at which tine all range and range rate gate cominnae
toas hive been cxamined for signals. The totul process is then repsated. The display
sweeps are kept In atep with the acanning oscillator and runge cycles t0 insure an orderly
presentation of information, .

To summarize, the present system provides 23 range gates and 320 range rate gates
rimary diaplay) of informalion, which requires about 2.0 seconds to analyre. Alarpge |
gain in signal-to-noise ratio accrurs pruvided that the signal’s doppler frequency does
not deviate more than 30 ke at the drum output in the 20 scconds required to (11l the stor-
age. If it does 1t will be attenuated by the 30-Le bandwidth predetection (ilter. If the 30k
Lmitation is converted to knots, il can bo seen that at an operating {requency of 26.6 Mc
the target mest hold a racial range ratc within 4 knots {or 20 seconds, vr 0.20 knot per
second.

Nigh-speed vehicles such as missiles can produce higher accelerationa than 0.20 kit
prr second. The expected radial velocitive and accelerations of an actual Jupiter missile
nwnched from the AMR when viewed (rom the Chesapeske Bay Aancx (CBA) werc computad
by an NRL mathematicuan.® This missile impacted 640 naut mi down range. Piguee 2
shurs huth vejocity and acculeration ploticd as a function of tunc.  Also incleded 18 8
curve 10 indicate the number of runge rale gates over which the doppler (royuency in any
onc ranpe gate will be spread by wcceleration in the 20 seconds required 1o fill the storuge.
For cxample, il the signat cocrgy wus sprewd uniformly over ten range rate gates, thon
only onc-tenth of the energy would be fownd 10 any one gate, and thus the sigRal-t0-nuiae
ratio would be degraded by 10 db.

In s case (Pig. 2) the radar §9 viewing the missile at nearly a right angle to the
plase of its trajoctory. In (act, at 103 seconds the radial acceleration pusucs through zero. .
The shaded port:on of the curve indicates the period of time during which the loss will be
iess than 10 db on an average.

Another view of the same missile trajectory Is shown in Fig. 3, where the radar is
sited in the planc of the trajectory 780 naut mi from the launching ares. Again accelera-
tion and velocity, aloag with the aumber of gates traversed by the doppler signal {requency,
are plotted versus ime. Here it will be seen that at 10 seconds the doppler {requency is
already changng at a rate which, if continued without change, would cause 1t 0 traverse
ten range rate gates in 30 seconda. As time continucs, the nember of gates traversed

increases rapidly. :

®Burion N, Navid, Apalied Mathematics Malf,
SKCRET
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Figs' s - Proedicted Juplter missiie characteristics
vicnod from a pnint 790 mawt mi from the launch
site and in the planc of trajectory

The (wo graphs arc examplen of a favorable and an unfavorable (for the Madre radar
system) misstle trajectory with respect to the radar aite.

OPERATION OF THE ACCELERATION GATE SYSTEM )

l it {s desircd (o detect & rapidly accelerating target by means of a revision ia the
Madre radar such that the same sensitivity is achieved as that of the origimal radar for
targets of limitod acceleration, then 3 means must be provided for confining all doppler
signals (0 the narrow oulput bandwidth (30 ke) of the original Madre system for the full
imegration pesiod. The doppler signal is available at the drum output, but the problem is

L]

SECRET



4 NAVAL RESEARCH LASORATORY SECRET

that it varies in (requency during the 20 secouds in which it was sampled and stored on the
drem, snd, of course, it is aleo buricd In noise. The signal will appear in onc of the 23
range gates, which are each read oul in 340 ys.

A solwtion to the problem is to modulate the scanning oacillator (Fig. 1) during & range
gate vo that the deviation of the doppler {requency due to arceleration is canceled out at the
mixer of the analysis channel and u constant 1-f output is realized. The modulation must
be repeatod Juring each of the £3 range gates for 2 given rarge rate, and then it must be
contineed while the remaining range and range rate gates are examincd fur signals.

The above pi ocess converts an amlysis channel into an acceleration gate where all
range and range rate gates are examined fur targets having a given acceleration. Other
acceleration gates may be estadtlished by paralieling analysis channels and modulating the
reforence freque.cy of sach with a diffcrent function. The original propossl lur this sys-
tem suggested a total of 360 acceleration gates (or an gperational radar. This number is
fiexitic and may be increased. The analysis time necessary to examine all combinations
of the 380 acceleratiun gatea, 320 rangc rate gates, and 23 range gates is siill only 2
acconds - the same time as required vy (e present system for analysis of only runge
s20¢ and range. (An NRL report is available which gives s more complete deveription of
the acceleration gate system than will be given here and which also dincusses n number
of other important considerations.®) -

The basic design philosaphy employcd was uot 10 store all possible miasilc (rajccto.
ries that a radur might be called ison to view, which could be infinite in number, Lut W
store only a selection of modulating functions, each with a ime duration cqual to the imte.
gration period sfter read out. This selection is o be tried simultaneously for a good
match. Snce one function should match some purt of u asumber of trajectorios, the numbes
of function gencrators required in the system will be reduced. This design philosophy,
of coursc, cannot be followcd completely tn the 12.gate system.

Ir the (ull putentialities of the system are (o be ultlized to uncover the mimmum doteet-
able target signal (rom the noise, its doppler (requuncy must remain within the 30-ke pusve
tand of (he prodetection filter for the full integration puriod. Thus it 18 not possible 1o
“look” at the dopplcr frequencies with 4 shorter sampling period 4t onc Or mure poits in
4 range gate. .

TECHMICAL PROGRESS
General Comments

. The design, consiruction, and snginesring analysia of the dosign of the 12-gate accel.

eration gate system i1s well underway. Where more than one unit of & gives electronic
subsysters (s required, only one will be constructed, and the remainder will be obtained
on outside contzact.

Pigure 4 shows an overall block diagram of the system. Only a single input s required
{rom one track on the drem. Owtput {rom the analysis sysiem will be presented on three
oscilioscopes, one displaying range rate versus range jaformation, the second, acceleration
versus range, and the third, acceicration versus Tange rate.

0. K. Jensen, “An Improved Gste Syetem for the Madrv Rader,” NRL Report 3370 (Secret
Report, Unclassified Title), Dec. 1980,
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The (aput signal feeds the 12 analysis channcls in paralicl. These channels will be
similar 1o the one illustrated in Fig. 1. Each of these channeols requires a spocial scanning
of reference frequency which is modulated with the sppropriute acceleration function. The
aodulated reference {requencics are provided by the circuits labeled reference oscillutor
unit. Thesc units cach consist of an oscillator, reactance modulators, adder, and a funchion
gencrator. A chotce of four waveforms is provided as parfllel drive 10 the function gener -
ators. The purgose of the function generator network 18 10 appropriately modify one of the
1put waveiorms 1o generate the deesired modulating function.

Sigmal outpet may occur simultaneously (rom all 12 analysis channels. This ¢reates
a display problem because cathode-ray tubes have only a single control grid and thus
requirc informatior. in sequential form rather than in simeitanecus form. DNDisplay con.
version of information in thin ayatem is accomplished with an clectroaic commutator Con-
sisting of a ring counter and 12 linear gates. The output of the commutatur is fed either
dircctly or through a threshold detector 10 the grids of the three displays. Since this is
an experimental system, and for reasons of flexibility, it was thought desirable to modify
or degrade the signal-tu-noise ratio as littic as possiblc between the (inal narrow banding
in the amalysis chanaels and the display. This will allow the noise (hreshold to be st at
the display in accordance with the requirements of cach particular experiment. However,
an alternate automatic threshold detectur is also being provided.

Owtput information is in effect three.dimensional in character and wusld be most
advantiagecusly presonted in three dimensions. As a practical inatter, cathode-ray fubes
are capable of displaying information in only two dimensions; hence, for display purposes
i1 in necensary to break the three-dimeusional infor:nation down into pairs of dimensions.
This, however, introduces a number of problemsa. Por cxample, consider the acceleratiun
versus range display. Here, the raster of sweep lines will repeat many times (every drum
revolulwm) one on lop of the other before the 2.0-sec analysis period is compicted. Noise
which 18 wnitten in cach time wili add and build up the intensity of the long persjstence
phosphuross screen, thus reducing the signal-to-noise ratio of a signal which occurs’only
omce por period. In the case of the other two displays the lines in the direction of the
range ralc or range coordinatc will have a very large sumber of cliements written on them,
which will excecd the rusoletion capability of the cathutde.ray tube {for the 380.gate: aceel.
cration gate systcm). Here again a loss of signal-to-norse rativ will result,

An examination of the number of lines required in cach coordinate of the displays
rcveals that only 12 limes are required for the accelcratjon cuoordinate, 46 for the range
cuurdinate, and 320 {or the range ratc coordinate. Since so few ulements arc needed 1n
the acceleration and runge courdinates, the large surplus of eloments between the mini-
mem number required and the maximum number allowable under the resolutioa limit of
the cathode-ray tubs may be usad to eliminate the loas of sigmli-to-noine ratio due o
the two previously mentioned problems. This can be done by asdding low-level auxiliary
step swoeps 10 the main horizontal and vertical swecpo for cach of the displays s0 that,
by using & small ofiset, no sweep line (alls exactly on a previous sweep until the complete
2.0-sec analysis cycle is completed, and the sweep lines hmving a large number of sle-
ments are folded 80 that the nunber of elements ob any given line i not excosaive. In
order not 10 smear oul the elements on the display, it is planncd to use stepped sweep
signaie instead of sawtooth signale.

The main and auxiliary step sweep genersiors are shown on the right-band side of

Fig. 6. Also included are the start and stop signals, blanking, adders, deflection drivers,
and strobe generators necessary to actuate the displays. '
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The following paragraphs will deal with the design and development of specific por.
tiuns of the systom.

Lawar Gate System and Rung Counter

Scquential sampling of the analysis chassis outputs 18 accomphished by 12 lincar
gatew, cach placed in serics with one analysin chassis to o cummon overall outpet. The
etectronic commutating acton is perfurmed by a ring counter consisting of 13 busary
stagey i which cach hinary supplics the switching pulse for onc of the gates. The last or
L3R inary pruvides the timy necesaary for retrace in the displays. :

A number uf gate circuils have been investigated for possibie application in the full
sysiewm, as well as In the 12-gute systom. A serive.-lype gate was required so that the
vetpits could be comnected in paraliel. This canaot br donc convenicntly with the shumt
typc wilhuul the addition of an isolation nctwork or siage. Other requircmoents were:

12) a last puise risc and fall Ume {0 accununodate a 9-usec pulse width, (b) linear
reapnse uver a wide dynamic range of at least 40 db, (c) high atteasation during the off
period and Jow attenestion during the on period, and (d) simplicity of circuit design. The
cirtuit that appuared most suitcd 10 the requirememts was a single-transiator gate cir-
cwit, shown in Pig. S, which was developed as a {inal result of the study.

Mo
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Thus tramistor gate provides an ativesation of abuut 52 db at the hegmening of ter off
purial and jncreases W 60 (B for the remainder of thut perivd. Thu risc and fall Laes
are agprusimately 50 manonccoiuds, amd the serics resistance durtig the un poeriod i» abuwt
20 ohms. A gating pulse of 50 vuits prak-to-poak 18 sofficient for pussing & signal of 18

volta puak-to-peak amplitude.

Many transistors were measured for putential use in this gatc. Inorder to oblain
fast rise and fall times, transistors with good high-(requency respunse were Josirable.
Those with high collocior-1u-tase voltage ratings allowed operatior. at higher sigiml levels.
Tac X498, a pp silicun alloy type, was the must suitable of the ava. lable types lur nse

. Umes and signal amplitude capabilities.

The transistdr gate circuit does ot balance out the entire gating pulse. Since all
gate outpuls are connected in paraliel and the switching (i mos are short, the signal output
will not appear 10 be addod (0 the offsat voltage. This 1s not expecied o be objectiomble,
bet wilt be fully examincd when the riag counter is completed.

The ring counter which supplies the swilching pulses 10 the gale Corcuits I8 designod
(o use -ua::nl plug-1n bimary wnts masufactered by Engineered Electronics. This chassis,

SECRET
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which includes the transistor gates, has buen construcied. The design includes reset cir-
cults for the ring counter that will make it sclf-starting and prevent more than onc pulse
(rom stepping around the ring.

The output of the ring counter 18 8280 cps. This is used as a reference frequeicy In
addition to gate swilching. It supplies the blanking signal for the accelcration sSWUCPSs,
the resct for the acceleration step generator, the 1npul for the range step generator, and
the input for the acceleration sweep modulation of the reference oscillator. Orygnnaily
it was intended ‘0 supply the input of the ring counter with a 107.640-ke signal that was to
bo obtained by a multiplication of a 4140-cps signal of the Madre timer. This procise
fraquency was not made available. Therefore, the input had 1o be obtained from the 180-
cps drum synchronizing pulse. This has becn accomplished by a simplc circuit consiating
of & 107-ke tuned amplificr driving a Jocked crysial vecillator. The funcd amplifier pro-
vidcs galn to increasc the amplitude of the Jucking signal, and the crystal oscillatur has
adoquate stability and Q valee to Jock on the desired multiple of 180 cps and reject the
othcr multiples of 180 cps.

This circult with owiput drivers has been designed, constructed, and made opuerational.

Reference Oscillator Unit .

A single refercace oscillator unit has been desighed and constructed (sec Pig. 6). It
is to be uscd as an oxperimental chassis for sciting up & varicty of modulation wave shapes
for frequency modulating the scan oscillator that supplics the analysis chaxgis. The fre.
quency modulation {8 to be accomplished by the use of a Vari-L curremt controlled inductor
in combination with vuliage-variable diade capacitors. The sawtooth and rectangelar
wavciorm gencrator, from which the acceleration modulation waveformsa are produced,
han Leen designed and constructed. A monitor chasais also has been designed and cone
structed (0 indicate the actual modulation waveform on the oscillator outpat signal.

Analysis Channel

The design of the anslysis chamel 18 similar (o that shown on Fig. 1 which is pres-
ontly bring used In Madre. A unit has becn constrected and is ready [or evaluation.

Sicp Generators

Figure 7 shows the schematic diagram of the range-rate step gonerator, which has
been designed and constructed. It provides a step wuvefOrm 10 scan the reference oscll-
lator, step signals for the rangerate sweops, and blanking signals; it times the 2.0.sec
alysis cycle and provides reset signals for several other slep gencrators.

Tubes V, and V,, a keyer and one-shot, provide a constant pulse amplitede and
widih for (he stiep generator, consisting of a constant curremt generaior and thyratron
reset, tubes V, and V,. The phase of the step waveform is split by V., , and two low.
impedance outputs are provided by V,, and V,. The number of stepa in the waveform
in determined by Schmitt trigger circuit V, , and the blanking interval is detcrmined by
V,. A low.impodance output for the blanking signal is obtained with the cathode {ollower
Vo. The design of the remaining step generaturs will be similar to that of Pig. 7.

SECRET



SECRET

NAVAL RESEARCH LABORATIORY

*)

Fig. 6 - Reforence ovcillator unit comp-ising (a) sweep  °
curremt mixer and driver, and (b) scanning oacillator
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5300040 memorandum

- 24 Augut 1998
| TR Code 5300

| REQUEST TO DECLASSIFY NRL REPORTS
Code 1221.1 (C. Rogers)

I. U is requested that the NRL. Reports listed below be declassified. The
information contained in these reports has become public knowledge in the many
years since first classified.

Declassify, public relesse.
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