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A REPORT ON CERTAIN EARLY COMPUTATIONS
CONCERNING THE MURINE RADAR (U)

C. S. Williams
Signal Analysis Division 1424

Sandia Laboratorie7. Albuquerque

Date Completed: September 1971

Abstract (U)

This report shows that an average power of about 4 watts and a decision
time of about 0.6 s are required by a helicopter-borne radar to detect a
missile of 10-2 m2 radar cross section closing at 500 m/s at a range of 425 m.
For a helicopter height of 50 m, the ground-echo power is some 7 orders of
magnitude above the signal; this ground clutter can be separated from the
signal by coherent detection followed by Doppler filtering since 'he helicopter
velocity is 50 m/s.
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A REPORT ON CERTAIN EARLY COMPUTATIONS
CONCERNING THE MURINE RADAR (U)

In September 1970, Department 1420 (then 2620) made a presentation at the

Sandia Laboratories to Don Cotter of ARPA concerning a proposed radar to be

used aboard a helicopter to detect an approaching missile such as the Redeye.

The radar is intended to give a warning about one second before the missile

intercepts the helicopter. The attached handwritten notes were prepared by

C. S. Williams, 1424 (then 2625), either shortly before or shortly after his

presentation to Cotter. In either case, the conclusions concerning the

feasibility of the radar (now informally designated Murine or Murene--since it

is anti-Redeye) were based partly on these notes. The conclusions of Reference

1 are based on the formulas given in the notes; Reference 2 explicitly refers

to them, The purpose of the present memorandum is to document the work

represented by the notes,

The principal purpose of the notes was to make a quick determination of

the feasibility of the Murine radar. The problems examined were the strength

and spectrum of the ground clutter compared to the signal and the amplifier-

noise power compared to signal power. Most of the assumptions appear in the

notes but are repeated here:

Missile closing velocity, -k: 200 m/s < -R < 500 m/s

Range to missile at
appearance: 	 Between 150 m and 500 m

(Low closing velocity at short range,
high at long)

Missile radar cross section: = 10-2 m27
targ

Terrain radar cross section
per unit area: g = 1 m2 /m2

0

(This value assumed but not given
in the notes)

ED
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Helicopter ground speed:

Helicopter height:

Detection time:

50 m/s

50 m

About 1 s before intercept

ED

Figure 1 presents the block diagram assumed for the calculations given in

the notes. There are several channels in the receiver, each corresponding to

a different range setting R. The signal output of the Doppler filter in each

channel has the appearance of v
3
(t) shown at the bottom of page 3 of the notes

with the peak occurring when R = R
o 
and a duration in range from Ro 

+ ER to

R - AR: thus, its time duration is 2AR/IR! seconds. (The signal waveform shown
o

holds for R
o 
>> AR. Such is not the case in this application. As a result,

the triangular envelope is distorted by the dependence on the signal component

of v
3
(t) on R, the range to the target. However, in the calculations, we chose

to neglect this effect.)

The transmitter is assumed to have random 0,7r phase modulation with dwell

time T on each value, and power F. Tuts corresponds to amplitude modulation

m(t)--see notes--where m(t) is +1 or -1 randomly, (The results here apply also

for transmission with a duty ratio less than unity provided P . is taken to

represent average power.) This leads to the autocorrelation function R
m
(t) of

m(t) shown on page 2 of the notes. The relationship between T and AR is given

there as T = 2AR/c s where c = 3 x 10
8 
m/s is the propagation velocity of

electromagnetic waves in vacuo.

On page 5 of the notes, the clutter (ground-echo) power is shown to be

some 7 orders of magnitude greater than the peak signal power. It is also

shown that the two are separated spectrally so that very little clutter power

will appear at the output of the Doppler filter of transfer function H(f)

if it has a sharp edge between the signal frequency and the maximum clutter

frequency. These notes do not consider the effect of nonlinearity in the RF

amplifier (not shown in Figure 1) on the clutter spectrum (however, see

References 2 and 3); nor is the customary model of Reference 4 that was used to
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calculate the clutter spectrum reexamined to determine how sharply the clutter

spectrum actually cuts off at its upper edge. (E. A. Aronson, Division 1424,

has made calculations with a different and somewhat more accurate model which

indicate that the cut-off is quite sharp. This work has not yet been documented.)

Under the assumption that the clutter power can be eliminated by a good

Doppler filter, the formula at the bottom of page 6 of the notes gives the

average transmitter power P
o(req) 

required to provide successful operation.

In that formula, we must take

= (kK/2)FN W/Hz

-23
where k = 1.38 x 10 	 W/Hz-deg is Boltzmann's constant, K = 300 ° Kelvin is
the absolute temperature, and F

N 
is the RF-amplifier noise figure. Also we

take B
D 
= 3.0 kHz; this is the bandwidth of the Dcmpler filter and is based on

the maximum and minimum closing velocities 500 and 200 m/s and the RF wavelength

X = 0.2 m.

The average transmitter-power requirement 
Po(req) 

is based on a desired

value of 7 for the ratio of the increase of the mean of the decision voltage

due to a signal appearance to its standard deviation. If the low-pass filter

is matched to the signal, this squared ratio (about 50) is equal to the ratio

of signal energy at filter input to noise-power density there. This principle

is used in the last section of page 6 of the notes. The principle, while

optimistic, gives a reasonably good result since the filter can be fairly well

matched for worst conditions.

4
Since P

o(req) 
is proportional to R

o
, the worst case will occur at the

largest value of R. Let us assume a ranging scheme where R
o 
= 425 m and

DR = 150 m. (Then, in the first range channel of Figure 1, To = 2R
0
 /c = 3.17

ps. The range setting R
o 
will be different for the other channels to take care
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of those cases where the target first appears at shorter ranges. However, AR

will be the same for all since AR = eT/2, where T, the modulation-function

dwell time, is a parameter of the transmitter.) Thus, the signal at the

Doppler-filter output will begin to rise as the target comes into a range of

575 m, will peak at a range of 425 m (if we calculate the signal strength as

the gh the range were fixed at Ro = 425 m), and will drop out at R = 275 m. The

total duration at the maximum closing velocity of 500 m/s is (300 m)/(500 m/s)

= 0.6 s. (The low-pass filter in this channel should be matched to a signal

of this duration.)

For the criterion that has been used on the decision voltage (viz.,

d
/g

d
> 7 where the change A4

d 
in the decision-voltage mean 4

d 
is due to

signal appearance and c7
d 

is its standard deviation) we have learned in previous

similar analyses that it will cross the decision 0 -.reshold on the average at

about the middle of the signal interval, i.e., when R 	 Ro = 425 m. This

crossing will provide a warning about (425 m)/(500 m/s) = 0.85 seconds prior

to interception. The average transmitter power needed for this case may be

calculated from the last formula in the notes and is

P o(Yeq) = 3.9 W .

We have used a noise figure of 5 dB for this result, i.e., F
N 

= 100 .5 = vra

(In the calculation at the bottom of page 6 of the notes, FN was taken to be

1--a very optimistic estimate--and both Ro and AR have values different from

those used just above.)

Conclusions 

These computations were made for an early estimate of the problem caused

by ground clutter and of the required transmitter power in the Murine radar.

The conclusion was that filters could be obtained that would separate the

clutter from the signal and that the transmitter could be a solid-state device.

Al 	 1- 	 (1 	 D
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Since these computations were made, the Murine radar has evolved somewhat and,

in fact, continues to evolve. The same principles are used, but the block

diagram is no longer the same. ,,Clearly, other ranging schemes may be preferable

to meet the requirements for providing an adequately early warning. Also, he

difficulties that arise as a result of nonlinearities in the RF amplifier have

been examined and surmounted. See References 2 and 3. Preliminary testing

has indicated that the upper edge of the clutter spectrum cuts off fairly

sharply as the Reference-4 theory predicts, and that the shifted clutter spectra

caused by the rotating helicopter blades are of so little power that they do

not interfere with the signal.

8
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NOTES ON THE MURINE RADAR

Prepared in September 1970, by
Charles S. Williams, (now) 1424.

These handwritten notes, when separated from
this document, are unclassified.
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