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1. ALGORITHM DESCRIPTION

1.1 Product Description

This document describes FAA build 2.0 (Lincoln Laboratory version wspmigfa-1-4) of the WSP MIGFA
algorithm. The WSP MIGFA algorithm detects gust fronts and other wind shiftsin ASR-9 WSP radar data
and provides extrapol ated position forecasts that can be used to predict when these events will impact an
airport. In addition to identifying the locations of wind shift boundaries, MIGFA estimates the wind shift
and the velocity change (wind shear) associated with each gust front detected and reports these data along
with the current and extrapolated gust front locations. Although gust front detection is based on
processing of WSP data, MIGFA al so processes surface wind sensor data from an anemometer |ocated
near the airport in order to improve the accuracy of the wind shift reports.

1.2 Algorithm Overview

Gust fronts present "signatures” in Doppler radar imagery that can be recognized by sufficiently
sophisticated automated processing algorithms. MIGFA uses knowledge-based image processing and data
fusion techniques to recognize the three principal gust front signatures observed in the radar data:

Velocity convergence: Colliding air masses with different velocities produce a velocity convergence
signature at the leading edge of a gust front. Velocity convergence is identified by a sharp decreasein
Doppler velocity at increasing ranges along asingle radar radial. A variety of situations can produce
incomplete, distorted, or fragmented convergence signatures. Since gust fronts often propagate into clear
air ahead of the generating storms, there may often be insufficient radar returns to produce this signature.

Thin lines: Gust fronts can be observed in radar reflectivity data as thin lines of increased reflectivity
relative to background levels. Thethin lineis produced by dust, insects, rain droplets, or refractive index
changes along the frontal boundary. Thin lines of coherent velocity values surrounded by random (noisy)
velocitiesin low SNR clear air regions are another thin line signature that is often observed in ASR-9 WSP
data.

Motion: Gust fronts move conspicuously in a direction perpendicular to the orientation of the
convergence boundary and/or thin line.

Figure 1isablock diagramillustrating general MIGFA processing and dataflow. MIGFA isan iterative
process that produces anew set of gust front detections, position forecasts, and associated wind shift and
wind shear estimates for each scan of WSP radar datareceived. There are six principal steps involved:

1. [Initialization and image preparation
2. Detection (interest generation)

3. Extraction
4. Anaysis
5. Prediction
6. Output

An iteration of MIGFA processing begins when a complete scan of WSP base data product "radials’ have
been received (approximately once every 2 minutes). During theinitialization stage, MIGFA takes the
input WSP base data and computes a set of images (2-D arrays that represent visually interpretable data)
and other auxiliary information. These data are collected into a GFBasel mages data object called
"gfBaselmages’ (descriptions of the various data classes used in MIGFA can be found in Appendix C).



Before proceeding with processing, the anemometer sensor data (e.g. from LLWAS centerfield or ASOS)
that have accumulated during the preceding 2 minutes are retrieved from the input buffer and are appended
to an anemometer _history which itself is contained in a GFRefData data object called "gfRefData”. The
gfBaselmages and gfRefData objects serve as global datareference libraries that are globally accessible
during various stages of processing.

After initialization, MIGFA executes a set of feature detectors, which are computational modul es designed
to detect specific physical signaturesin radar data. Feature detectorsin MIGFA are based on two
techniques of knowledge-based image processing: Interest images and functional template correlation
(FTC). Knowledge-based image processing is a mechanism of incorporating physical parameters of a
search problem into image processing operations. An interest image is a data representation device,
serving as amap of evidence for the presence at each pixel location of some feature that is selectively
indicative of an object being sought. Higher pixel values reflect greater confidence that the intended
featureis present at that location. Using interest as a"common denominator", data fusion is accomplished
by combining the pixel-registered interest images produced by the various feature detectorsinto asingle
combined interest image. In MIGFA, interest values are mapped across an integer range, with 0 indicating
strong evidence against a feature being present, 128 representing the ambiguity point, and 255 indicating
maximum confirming evidence for the presence of afeature.

FTC isageneralized matched filter incorporating aspects of fuzzy set theory and producing interest images
asoutput. Specificinputsto feature detectors include the newly received base dataimages contained in the
gfBaselmages object aswell astheimage_history and event_history, which contain datafrom prior volume
scans. These histories are maintained and stored in the global gfRefData object for convenient access by
the agorithm. Theinterest images generated by the various feature detectors are then averaged to form a
single combined interest image. Figure 2 shows an example MIGFA analysis display. In addition to
displaying the input reflectivity and velocity base dataimagesin the upper |eft, several derived dataimages
and interest images are shown.

The extraction step takes the combined interest image produced by the detection stage and extracts a set of
chains, each chain containing the set of points representing asingle gust front. A chainis1 pixel wideand
can be any length. Points (pixels) within a chain are arranged in consecutive order along the length of the
gust front. Once chain points have been extracted, an attempt is made to establish correspondence for each
extracted point with some point from the collection of chains extracted in the prior scan. If correspondence
is established, attributes of speed, direction of motion, and distance moved are computed and assigned to
the point from the current volume scan. The extracted chains of points are assembled in the data structure
called "gfEvent" (a GFEvent object).

The analysis stage performs a number of tasks on each extracted chain, adding additional information to
gfEvent. These tasksinclude:

1. Editing of the chains of points encoded in gfEvent, attempting to enforce consistency along each
chain by either changing the attributes of single points or by breaking chainsinto sub-chains.
Attributes of speed, direction, and distance are then smoothed along the length of each chain.

2. Computing estimates of the various wind products associated with each detected gust front. These
estimates are based on a consensus of several different estimation techniques.

3. Applying heuristics that adjust gust front interest scores (sum of interest values of al pointsin a
gust front chain). Some of these heuristicslook for behavior that is uncharacteristic of gust fronts
and decrease interest scores accordingly. Others use wind shear estimates as a basis for modifying
interest scores.



4. Making afinal decision asto whether a gust front should be included in the algorithm output. The
finished gfEvent is then added to the beginning of the eventHistory of the gfRefData object for use
during the processing of subsequent volume scans. If the number of GFEventsin the eventHistory
exceeds a parameter (nominally 12), then old excess GFEvent objects are removed from the end.

Predictions are generated by taking the information encoded in gfEvent and extrapol ating the location and
appearance of each gust front at incremental time steps in the future. These extrapolations are encoded in
the list of predictions (alist of GFPredChain objects) and are stored in the gfEvent object.

Finally, the output handler outputs the contents of the gfEvent to the output stream. Among other
formatting operations, image coordinates in pixels for each gust front curve point are translated into

radar-centric coordinates in kilometers.
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Figurel. General process and data flow for the WSP MIGFA.



Figure 2. WSP MIGFA Analysis Display

























































































































































































































































