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5. ALGORITHM IMPROVEMENT OPPORTUNITIES

There are several areas where the WSP signal processing algorithms could be enhanced to improve the
quality of the data input to the meteorological product generation algorithms. These are under evaluation
as candidate pre-planned product improvements (P°I) for the WSP algorithm suite.

5.1 RECOVERY OF DEPOLARIZED SIGNAL ENERGY

In propagating long distances through heavy precipitation, circularly polarized (CP) radio waves may
depolarize owing to differential phase delays for the horizontally and vertically polarized components.
This would result in some of the precipitation echo energy returned to a radar having the same circular
polarization sense as that transmitted (co-polarized). The WSP (like the existing ASR-9 six-level weather
channel) only processes the cross-polarized receive path when the ASR-9 is in CP mode, thus raising the
possibility of precipitation intensity underestimation, for example when the radar line of sight lies along a
line of intense convective storms. We have observed possible instances of this effect in comparisons of
ASR-9 weather channel data with other weather radars at our Laboratory’s Integrated Terminal Weather
System (ITWS) prototype sites. Figure 7 shows an example.

As noted the WSP has access to both cross- and co-polarized signals (the latter through the ASR-9 target
channel A/D converters). Figure 8 is a modified version of the WSP signal processing overview shown
previously (i.e. Figure 4) that includes a secondary processing channel to recover the co-polarized
component of the echoes when the radar is in CP mode. If the energy in this co-polarized path
significantly exceeded the system noise floor, the power returns from co- and cross-polarized signals
would be summed to generate the reflectivity estimate.
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Figure 7. An example of possible ASR-9 signal loss due to depolarization of CP transmissions.
5.2 DOPPLER VELOCITY FOLDING

The ambiguous velocity associated with the ASR-9’s long-PRI block may be as low as 24 mys.
Precipitation mean Doppler velocities may occasionally exceed this value even when measured through
the vertically integrating beams of the ASR-9. The WSP “dual beam” velocity estimate used for
microburst detection is formed from the phase-angle of a weighted subtraction of the low-and high-beam
lag-one autocorrelation function (equation 14). When the component high and low beam vectors lie near
the ambiguous limit, the result of this subtraction may lead to DBV aliasing even when the individual
high or low beam inputs are less than their ambiguous velocities.

As described in the previous section, the WSP computes separately “partial” autocorrelation lags for the
short- and long-PRI pulse blocks transmitted by the ASR-9. These may be manipulated to resolve
Doppler ambiguities. A preliminary algorithm for accomplishing this has been worked out but has not to
date been thoroughly tested or implemented in the WSP software suite.
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Figure 8. Parallel co- and cross-polarized channel processing to recover energy lost to signal depolarization.

5.3 OUT-OF-TRIP ANOMALOUS PROPAGATION DETECTION

The ASR-9 utilizes a “micro-stagger” to prevent range ambiguous (“out-of-trip”) airplane returns in its
target detection processor. For each successive pulse in a CPI, the pulse-repetition interval is increased
by an amount equivalent to two range gates. Thus out-of-trip echoes will be split across multiple range
gates and will not form a coherent return to the ASR-9 Doppler filter banks. This micro-stagger also
decorrelates second trip ground clutter returns which may occur in the presence of strong ducting or
anomalous propagation (AP) conditions. The WSP AP-detection test described in the previous section
exploits the characteristics of the ground-clutter Doppler spectrum. It will not flag out-of-trip AP that is
“whitened” owing to the ASR-9 microstagger. An example of out-of-trip AP breakthrough on the WSP
“situation display” at Austin, TX is shown in Figure 9.
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Figure 9. Out-of-trip ground clutter breakthrough caused by anomalous propagation at Austin, TX.

Note that the out-of-trip signal test described in the previous section may also fail to flag these returns as
invalid. The large range extent of the AP ground clutter results in folding of returns from both long- and

short-PRI blocks into the same range gates, thus confounding the differential power measurement upon
which that test is based.

Out-of-trip returns could be recohered by realigning the pulse-returns across the WSP extended coherent
processing interval to account for the microstagger. Resolution cells affected by coherent out-of-trip
returns could be identified easily be computing the zero" and first autocorrelation lags and taking their
ratio. Values of R(1)/R(0) close to unity correspond to coherent returns and values near zero correspond
to “white noise”. A threshold applied to this ratio would identify resolution cells contaminated by range-
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Figure A-1. WSP Clutter Filter Magnitude Responses
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Figure A-2. WSP Clutter Filter Phase Error
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