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(1) clutter rejection capability with actual radar data has not
been quantified. This is viewed as particularly important
since the characteristics of actual clutter can differ
considerably from that assumed in theoretical models such as
used in [68]. In the Lincoln ASR MID studies[30] it was
found that it is not correct when using a scanning radar to
consider only the frequency response of filter banks. Rather,
the time domain response is important, because the statistics
of the clutter and therefore the scanning modulation residue
are not stationary. They would be stationary if the clutter
consisted of a large number of random amplitude distributed
scatterers. What was actually observed was that the ground
clutter is often dominated by large single speculars.
Consequently, one must use actual clutter data to determine
system performance as was done by Anderson[71]

(2) the clutter environment can differ greatly between various
sites such that one cannot draw firm conclusions from measure-
ments at one site only. To illustrate this, we compare in
figs. 3.11 the clutter environments at the NSSL Norman, Okla.
site with those for the MIT Meteorology Department, Cambridge,
MA site. The MIT site is seen to have a far greater extent of
high level clutter. Past Lincoln Laboratory experience with
ASR and beacon systems has shown that measurements at
representative sites i1s the only way to obtain the required
clutter and visibility data.

(3) the impact of higher trip weather return obscuration by first
trip clutter has not been considered in detail*. For example,
the very high level clutter usually found near the radar
typically obscures a small fraction of the unambiguous range
area (e.g., < 4% if the high level clutter is within 30 km).
On the other hand, this clutter may obscure a fairly large
fraction of the total area (e.g., 12% in the case of a 30 km
radius for the high level clutter area) if one considers both
first and second range intervals. Figure 3.12 shows this for
the MIT site.

(4) the minimum signal levels to be detected need to be further
quantified. In particular, there exists considerable uncer-
tainty regarding the levels associated with the hazardous winds
(e.g., gust fronts) which often precede precipitation areas,

(5) the impact of the clutter environment on the overall system
dynamic range has not been considered in detail. This relates
to issues such as RF and IF dynamic range, number of A/D bits
and type of AGC.

*it should be emphasized that obscuration arises with either the JDOP
single frequency batch mode or the two frequency mode.
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Fig. 3.1la. Comparison of NSSL and M.I.T. clutter levels.
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Fig. 3.11b. Comparison of NSSL and M.I.T. clutter levels.
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Fig. 3.11c. Comparison of NSSL and M.I.T. clutter data at 0.4° elevation
angle.
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Fig. 3.11d. Comparison of NSSL and M.I.T. clutter data at 0.4° elevation
angle.
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APPENDIX D

Description of Interim Testbed
Using M.I.T. Radar

A number of the issues discussed in Chapter III can be studied using
the M.I.T. Meteorology and Physical Oceanography department S-band weather
radar. The radar is located atop the Green Building at M.I.T. at an alti-
tude of 150 feet above ground level (as shown in fig. D-1). Figure D-2
shows the relationship of the radar to the Boston metropolitan area.
Figures D-3 to D-5 show the view from the radar looking towards Logan
International Airport, L.G. Hanscom Airport and 1200 ft. high towers
located in Needham, MA.

A. Research Capability of M.I.T. Radar

Table D-1 summarizes the principal characteristics of the M.I.T.
radar. Below, we comment briefly on how each of the topics discussed in
Chapter III can be studied with this radar.

1. Clutter Rejection Techniques

The M.I.T. radar is ideally situated to investigate NEXRAD performance
in a high clutter environment, and to test various design features and
clutter filtering strategies that have been proposed. The current system
utilizes a mean level subtraction clutter cancelling technique[?l
however, it is possible to record raw (I, Q) time series data. Also, soft-
ware has been developed to obtain pertinent clutter statistics such as
cumulative distribution versus range and elevation angle, correlation func-
tion as a function of amplitude, spectral characteristics (e.g., mean velo-
city and width), etc. for this site.

2. Range Dealiasing and Obscuration

The dual coherent interval system concept discussed in Chapter III has
been implemented on this radar and should offer a significant improvement
over a batch system in two ways: An increase of 7-10 dB in overall system
sensitivity for Doppler measurements, and automatic, continuous Doppler
coverage at all ranges to 250 km. Also, New England often has wide spread
storm systems so that stressful obscuration sitautions should arise fairly
frequently.
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Fig. D-1. Interim testbed radar at M.I.T.
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Fig. D-2. Relation of interim testbed to Boston area features.



Fig. D-3. View from interim testbed toward Logan International
Airport.

Fig. D-4, View from interim testbed toward L.G. Hanscom Airport.
D-4
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TV TOWERS

Fig. D-5. View from interim testbed toward Needham, MA TV towers.
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TABLE D-1
MIT TESTBED RADAR CHARACTERISTICS

Antenna

Aperture 18 feet

Gain 42 dB

Sidelobe Levels =26 dB minimum

Beamwidth 1.45° one=way

Polarization horizontal

Maximum rotation rate 6 r.p.m. (both axes)

Height 312 ft. above m.s.l.
Transmitter

Source VA87 klystron

Frequency 2705 MHz

Peak Power 1 MW

Pulse Width 1 microsecond

P.R.F. Variable (1200 Hz max.)
Receiver

Pre-selector tunable cavity

RF amplifier solid state

Noise figure 4 dB

STALO crystal controlled

COHO 30 MHz crystal

Bandwidth 1.1 MHz

STC PIN diode at RF

STC curve Programmable

M.D.S. =103 dBm

Digital Signal Processor

A/D Converters 10 bits I; 10 bits Q
Range sample spacing 1/16, 1/8, 114, 1/2 n.ms
Number of range gates processed 288

Algorithm pulse-pair processing
Processor output Oth, lst, 2nd moments
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