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MTI PERFORMANCE OF THF ASR-1 AND ASR-2 RADARS

Acting on a requesst from the Office of Federal Airways, engineers from
this Center traveled te "illow Run Air Terminal, ¥Ypsilantl, Michigan, and to
Chicage Midway Alrport, Chicage, Illinois, to perform MTI measurements on
the ASR-2 and ASR-~1 radars, respectively., These tests were performed on the
ASR=2 radar from May L to May 1l, 1952; and from May 26 to May B, 1952, tests
were performed on the 48R-1 radar,

Test equipment taken to conduct these tests consisted of a stalo
stability tester, MTI evaluator, Tektronix 511 AD synchrosecope, Tektronix
“21 vreamplifier, and a DuMont 241 oscilloscope. Before starting the tests,
ta get ranges vere selected which weuld allow comparative checks with other
radazs, The ranges selected were 10, 30, L5, and 60 mles., These ranges
were selected for the following reasons* ten miles represents the average
ground clutter radius for normal operation; 38 mlles represents the most
used operational range; L5 mles represents the maximum XTI evaluator range;
and 60 miles represents the maximum range for the ASR-2,

To achieve maximum performance of amy MTI radar system, it 1s necessany
that variocus anits of the system are operating at peak efficiency. Negleci-
ing scanning lcsses ard target movement, system instabilitles 1n the egquiprent
1imit the ability of the equipment to cancel any specific target. Therefore,
it 1s necessary to know the frcquency stabillty, Jitter rate, and rate of
change of the stzlo and coherent oscillators, the stability of the transmitted
pulse regarding pulse-to-pulse time jittcr, and varlation in pulse length.

The cquipment avallable at this time would not permit direet fuantitative
measurement of all cf those parameters; however, 1t can be shown that adequate
information 1s available to provide accurate and realistlc performance data:

Measursments performed on the ASR-l and ASR-2 radars were:

Subclutter visibility ratios
Cancellation ratio

System trigger Jltter

Ccho stabality

Stale stabilaty

Magnetron pulse jitter
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Mezasurements 1, 2, and L were made al the 30=M¢ intermedlate frequency of
the system and excelude the effects of scanning, stalc, or radlo-frequency
transmitter instabilities, Measurements 3 and 6 were made at video fre-
quenctes, Measurement 5 was made at the fundamental radio frequency, Over-
all system performance of the MTI system 1s determined through mathematical
correlation of the above messurements, The methods used in determining
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subclutter visibality ratios, and other data, are described below:
The MTI evaluator provides three signal pulses to the radar eguipment:

1. & 30-Mc locking pulse to the coho of the radar pulse width, and
variable in arplitude.

2. A 3041c fixed target pulse, three times the radar pulse wadth,
movable 1n range, and variable in amplitude, which 15 fed 1o the
input of the MTI receiver,

3. A moving target pulse of the radar pulse width, movable in range,
and variable in amplitude, also fed te the input of the MTI
receiver. Adjustment is provided to vary the moving target speed
from O to 3000 mph, divided by the radar frequency in Kmc.

Interchangeable delay lines in the MTI evaluator test set provide for
movang target and cohe locking pulses equal in duration to the pulse width
of tne radar and fixed target pulses three times the radar pulse width.
l.easurements are read directly in decibels from three precision variable
attenuators which attenuate the locking, mewing and fixed target pulses
independently and provide for attenuation of the moving target with respect
to the fixed target.

1, Subelutter Visibility Measurements: It 1s important that subclutter
visibility ratios be deterrined for the most favorable and least favorable
phase conditions; and, since phase detectors are usually not perfectly
balanced, 1t 1s desirable to make measurements at four different phase
conditions. For reference purposes, these phase conditions are:

Phase A
Phase B
Phase C
Fhase D

The procedure 1s to feed a coho locking pulse, and equal-amplitude, moving
and fixed target pulses to the MTI receiver with the moving target adjusted
for optimum velocity (maximum response). The target pulses are adjusted to
the range at which 1t 1s desired to make the measurement and the coho
adjusted to display three or four cycles wthin the MTI gate. Output is
observed on a synchroscope having high "YI" axis gain and connected to observe
MII videos The ceoherent oscillator 1s readjusted slightly to place the
target pulses at the center of the phase detector curve as shown above for
Phase 4, The radar MTI is adjusted for maximum cancellation of the fixed
target, The moving target must not be at the same range as the fixed target
frr this adjustment. After adjusting the cancellation, the moving target

15 again centered over the fixed target pulse and the amplitude of the
moving target 1s reduced to the point where the amplitude of the moving
target equals that of the uncanceled residue of the fixed targets, The
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subclutter visibality ratio for this optimum target speed, phase condition,
and range 1s read directly from the attenuator dial setting. The procedure
1s then repeated for the same target ranges and each of the other target
phase conditions, lMeasurement at other target ranges 1s accomplisted by
repeating the above procedure at the selected target ranges. Illeasurerents
are made at 1l:1 voltage ratio points, A wide band synchroscope providing
high display brightness 1s necessary for accurate measurements.

Subclutter vasibility ratios (at intermediate frequency with targets
at optimum velocaty) for the ASR-lradar at Chicago, Illinois, are:

Miles: 10 30 L5

(db) (db) (dv)
Phase A 27 27,5 26,4
Fhase B 27.7 27.9 27.1
Phase C 20.1 20,3 18.L

Fhase D 18 17,9 19

(A1l fagures are the averapges of several readings., Variatiomsin
readings for each phase condition are due to reading errors.)

Subclutter visibality ratios (at intermediate frequency with targets at
optimum velocity) for ASR=2 radar at Detroit, Michigan, are:

Channel A Channel B
Miles: 10 30 L5 10 30 L5
(db) (db) (db) (dv) (db) (db)
Phase A 32.72 31,11 32 29 28 28.4
FPhase B 29.5  31.3 30 30 27 29
Phase C 13,25 20 19.9 18 17 17.8
Phase D 12 18 20 15 19,9 18.8

2. Vadeo Cancellation Ratio: ASR-1 radar, Chicago, Illinois; ASH-2,
Detroit, Michigan.

The MTI evaluator is used for the measurement of €ancellation ratio
provaded by the cancellation circuits. The moving and fixed target
pulses are fed into the intermediate frequency amplifier of the evaluator
where they are amplified and detected. Precautions are observed to avoad
limiting and nonlinearaty. The output vadeo signal 15 delavered to tiae
input of the MTI line modulator. A synchroscope connected at the output
of the delay line driver i1s chserved to determine modulation percentage,
The intermediate~frequency gain control of the evaluator i1s then adjusted
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to supply the rated modulation of thz carraier. Then the moving target is
centered over tine fixcd target. The synchroscope 1s taen connected to
observe canceled video with the moving tarset adjusted for optimum velocity,
The moving target i1c then attenuatcd until 1t 25 of the same amplitude as
the canceled f.xed target resadue (1-1 ratio), The cancellation ratio 1s
then read from the moving target attenuator dial, Cancellation ratic at
ten miles for ASR=1l radar: 27 db; »SR=-2 radar: Channel A - 24 db, Chennel

B - 27 db,

3+ System Trigger Jitter,

Jitter is measured by a jitter tester which is a part of the evaluator.
A high-intensity post-ascceleration cathode-ray tube 1s bualt anto the MTI
evaluator for observation of jatter. A free-running sine wave oscillator
provides the horazontal time base., The system {rigger, or other pulse in
aucstion, 1s displayed vertically on the cathode-ray tube. The fregnency
of the time base 15 adjusied manualily until the dispizyed pulse 1s essentially
stationary. dJitter can then be observed by the sprzading of tie trace cr
fuzzinzss of the leading edge of the pulse, The amount of time jitter can
then be read on £ scalc on the face of the cathode-~ray tube which 15 calibrated
in O,l-microsecond intervals. This measurement represents the over-all time
J>ther of the pulse and not the pulse-to-pulse jitter. However, the radar
pulse jitter cannot exceed the long term jitvter.

Srstem tricger jitter (over-all term jitter) on ASR-1: 0.08 microsecond.

System trigger jitter {over-all term jitter) on ASR-2 racar with prf
tracker on: Channel & - 0.08 macrosecond; Channel B - 0,07 microsecond,

L. Coho Stabilitgrs

This 15 determined with the 1ITI evaluator. A 30=llc CW carrier is pro-
vaded by the evaluator whica is fed to the LTI receaiver. A coho locking
pulse from the evaluator 1s providcd to loek the 30-lle ccherent oscillator.
The output of the coherent oscillator 15 conpared to the output of the 30-iic
reference (i carricr oy the phase detector., The waveform displayed on the
synchroscope 18 the pnase detector response curve, By adjusting the frequency
of the cohercnt oscillator, 1t s possible to vary the number of displayed
cycles, If the coherent oscillator frequency Jitters, it will be evidenced
by widening of the trace whicn becomes worse as the ralige increases,

Coho stabilaty - ASR-1 radar: Jitter cr drift not perceptibie,
Coho stebility ~ AuP=2 radar* Chamnel 4 - Jaitter or driit not per-
ceptible; Channel § - Jitter or draft not perceptible,

5. Stalo Stability.

Performance data were obtained through tne use of the stalo stabilaty
tester. The output of the stalo under test beats with harmomcs of a crystal
oscillator which 1s designed for very high short-term stability. The output
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of the stalo 1s combined with a2 harmomaic from the crystal oscillator in a
mixer. Tae outout of the mixer is then amplified by a narrow band 10.7-lic
anplifier. The output of tiis ampiifier 1s followed by 2 detector taat
heterodynes the 10,7-!c signal wiih the output of a 10,7-lc, crystal-controlled
beat frequency oscillator, The resultinz aucdio freguency beat varies in fre-
queney by the same number of c¢yeles as the frequency of toe stzlo under test.
The displayed cycles can be vsed to observe arift and jitter. Drift or & slow
change in stalo frequency will be noticed as a change in the mumber of beat
cycles displayed by the synchroscope, This value may be recad directly by use
of an audio freaquency meter, Jaitter 1s observed on the score as a widemmng

of the audio beat trace, wnich increases in value Tatn rance provided that

the scope sweep speed 18 :zreater then any rave of jatter, For purposes of
computation, the widta of tue trace at a known range 1s measured and recorded
as a ratio to the wdth of onc beat cycle. This ratio represents frequency
deviatron of the stalo wiien nac fue effect of causing fixed tarzets to sppear
as mov.ng targets, 1If tie rate of jitter 1s unknovn, an approxamstion of sub-
clutter visibilaty may be calculated, using the above measurement as a volizge
ratic. I the jitter 15 sinusoidal and rekatively low in frequency, the sweep
speed frequency of the oscilloscope can ke reduced to the point wherce one or
more complete cycles of the jitter modulzaticon can be observed. Using known
sueep speecs, the rate of modulmtion may be determined, Peak-to-peak ‘requency
u~v-.clzon can be determired by measuring ihe trace ratio, which is a frequency
ra®io ¢ a given sweep diastance and diaviding the ratio by the given sweep [ipure,
If one knows that the cause of Ji1tter 1s sinusoidal at a raaian frequency, the
frequency deviation may be differentiated wath respect to tame to cbtzin tne
rate of frequency change, OCcnsidering the maximum phase change as 180 degrees,
the above frequency ratio times p1r wvill give tne maxamum pnese change that

can be expecied at the predetermined range. The data obtained on ths ASR-1
radar stalo are gaven. All figures shown are averages of several readings,

lales: 1c 30 L5 60
Peak~to-peak frequency deviation: Gycles/sec: 398 22h  .233 236
Jittec rate: G0 cycles/sec.

Imyaram rate of change: chles/sec.z: 75,000 42,250 L3,900 k4,500
laxamim phase change: Degrees: 6.7 13 20.1 27.4
lLaxamum subclutter visibality ratio: l4les: 10 30 5% OO
(obtainable neglecting scan losses) oOB: 27.16 21,52 17.76 15.04
1 axamum cancellation: lales: 10 3¢ LE%® 80
(obtainable neglecting secan

fluctuations) DE: 27.16 21.52 17.76 15.0L

) Assumes ground clutter at these ranges,

ASR-2 Radar Stalo lieasurements

Due to interaction between stalns, when both were operated samultaneously,
measurements were taken with sland-by channel inoperative,

Stalo stabality - Channel A:  lhales : 10 30 h5 60
Peak-to-peak frequency deviation:Cycles/seec : 420 523 390 3%0

Jatter rate: 60 cycles/sec.
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Maximum rate of change: Cyclesfsec2: 158,000 148,L00 73,300 73,600

Mayamum phase change: Degrees: 1L.2 29,5 32,5  L3.b
Males: 10 30 us leg

UVaxamum subclutter visability ratior DB : 23.L 16.06 1.,8 12,3

(obtainable ncglzcting scan losses)

Maxirum cancellazion- DB : 23,4 16.05 4.8 12,3

{obtainable neglecting scan losses)
() Assumes ground clutter at these ranges.

ASR-? Radar Stalo Measurements

Stalo stability - Channel B: Miles : 10 30 L5 60
Peal~to-peak frequency deviatiom:Cycles/sec: L3l 530 438 Lo?2
Jitter rate: 60 cycles/sec, 5
Maxirum rate of change: Cycles/sec®: 1bLL,0L67 99,967 85,567 77.100
Maxam .m phase change. Deprees*  15.1 31 38 Le

) Miles: 10 30 L5 &
Maxirm subclutter visibality ratio*DB 22,8 15.8 1L 12 .
(obtz nable neglectirg scan losses)
lfaxarom cancellatiom ™ DB - 22,8 15,8 1L 12 1

{«#} Lssumes ground clutter at these ranges.

b, liagnetron Radio Freouency Pulse Jitter:

Magnetron pulse jitter measurements are obtained with the use of the
Jjatter tester, using the same method as described for taking system trigger
Jitter,

ASR-1 magnetron radio-frequency pulse jitter: 0,08 microsecond,
ASR-2 magnetron radio-frequency pulse jitter:

Channel A Channel B
0,08 microsecond tracker off 0.07 microsecond tracker off
0,15 microsecond tra#irmx.on 0,07 mcrosecond tracker on

Coherent Oscillator Bockang Puizse Ampi-tude:

The coherent cscillator of the ASR-~1 radar locks in with a locking pulse
amplitude of =37 db below one millawatt at Jack J-117, To insure proper lock-
ing of the conarent oscillator, ithe locking pulse amplitude should be increased
by approxamately 15 db, This gives a locking pulse amplitude of -22 db below
one millawatt,

CONICLTS TONS

The LTI performance data taken of the £SR-1 and ASR-2 radars were obtainad
with test equipment now available for that purpose. Scanning losses were



neglected as 1t 1s i1mpossible to compute these losses accurately. No data
were ebtained on magnetron frequency stability as test equipment was not
available at the time these measurements were made, FPRF jitter effecis
have been included 1n all tabulated data where applicable,

Analyzing data obtained on the ASR-1, 1t 15 concluded that a leclkang
pulse amplitude of =22 dbm will properly lock the coherent oscillator. The
lockaing pulse amplitude, necessary to lock the coherent oscillator, will
vary somewhat with various radars.,

The known lmmating factors for MTI performance of the ASR-1 and ASR-2
radars wlll be stability of the stale, MIT intermediate frequency and cancel=-
lation circuits, coherent oscillator and system trigger jitter. From tabu-
lated data shown herein, performance lamitations of tne MTL system may be
ascertained. As an example, for the ASR~1 radar at Chicago, using the MII
erali>uor, the subclutter visibility ratio measurement for ten miles shows
that Tor Phase B (optimum phase) a 27.7 db reading was obtained. For Phase D
{(least favoravle phaSe) a reading of 18 db was obtained, The maxummm sub-
clutrer visability which the stalo wall allow is 27.16 db. These figures
show that for the Phase B condition the performance limiting factor 1s the
stalc, For the Phase D condition the phase detector characteristic 1s the
limiting factor,

Subclutter visibility ratios taken at 30 mles snow; for Phase B (optimum
phase) 27.9 db and for Phase D (least favorable phase) 17,9 db. The maxamum
subclutter visipility which the stalo will allow 1s 21,52 db. For the Phase B
condition the limiting factor would be the stalo performance but not for the
Phase D condition,

From data obtained on stalo performance, the maximum subclutter visibility
allowed by the stalo drops rapidly with increasing range., Thas limitataon is
not a scrious factor i1n over-all MTI nerformance since the maximum MTI gate 1is
40 mles, and ground clutter beyond 30 miles 1s seldom encountered. The video
carcellation ratio taken with the MTI evaluator was 27 db at 10 miles for the
fLR-1, Otalo performance will be a limiting factor in over-all cancellation
ratio beycend spproximately ten miles, The limting factors are snown in the
tabulated data,

Coherent oscillator drift and jitter for the ASR-1 and ASR-2 radars is
not a limatang factor for over-all ITI performance since there was no draft
or jitter. TFor the ASR-2 radar at Willow Run Air Terminzal, the known
lamting factors may be ascertarned in the same ranner by chedcing the
tabulated data., A comparison of the over-all MTI performance of the ASR-1
and ASR-2 radars also may be made from the tasbulated dzta,

For a comparison between the ASR«l and ASR-2 radars the tabulated data
w1ll show that for subclutter visibility ratios the difference between the
two radar equipments 1s negligible, Cancellation fdatios of the ASR-1 and
ASR~2 radars are about the same. From the tabulated data, the figures show



that the performance of the ASR-1 stalo 1s superior to that of the ASP-2
stales, A definirte improvement 1S needed 1n the performance of the ASR-2
stalo. Scanning losses may be the limiting factor for good aver-all IiTT
performance for the ASR-1 and ASR-2 radars now in service. These losses
will vary from site to site,

Further development of stalo oscillators to reduce instzbilities is
desirable for improved MTI performance., Crystal control of the stalo
frequency 1ould be advantageous.

¥agnetron frequency control 1s slso a desirable feature. Development
of a crystal-controlled racar transmitter siould oe helpful in mlaimizing
this stabilization probler.



