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Abstract
We use a segmentation-based approach to identify storms in

images and arrange the identified storms heirarchially. A genetic-
algorithm is used to match these segmented regions across
frames. This method can easily handle splits and merges of storm
cells and inherently handles all scales.

Current research is geared toward finding a more robust
segmentation method.
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The Tracking Problem

The two broad approaches to tracking storms have strengths and
weaknesses:

• Correlation-based

– Good for large scale phenomena (e.g: fronts)
– Can not be used to track smaller scales (e.g: storm cells)

• Cell-based tracking

– Good on isolated storms
– Lost tracks and missed assignments a problem
– Centroid-based methods don’t incorporate scale
– Loses track of “big” picture
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Our Approach – Hierarchial Tracking

• Combines correlation-based and cell-based approaches.

• Inherently takes the scale of the phenomena into account.

• Tracks large scales and constrains movement of smaller cells within
these larger envelopes.

• Uses sophisticated global minimization under these constraints to do
cell assignments.
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Algorithm Overview

1. Preprocess image

2. Separate image into component regions

3. Compute region properties and relationships

4. Associate between frames



V Lakshmanan, OU/NSSL, AMS 2000 Segmentation

Preprocessing

• Satellite infrared image collected every 15 minutes.

• 11µ image mapped into a 0.02o lat/lon grid.

• Pixels colder than 255K retained.

•
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Segmentation

• Processing of separating image into component regions

• Suppress noise (low-pass filter)

• Grow regions that are similar:

– Very simple test – neighborhood mean temperature within 2K
– Very much like contouring
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•

• We obtain connected regions.

• Prune regions that are too small.
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Region Representation

• Smallest irregular convex octagon whose sides make multiples of π/4
with the image edge.

• Efficient, good representation for smaller regions.

• Captures shape and orientation of regions.

•
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• Also captures relative location of smaller regions within larger areas.

• While growing region, compute statistics.

• Size, elongatedness, extent, quality of fit, etc.

• Works well on small regions, not so well on large ones, but it is much
easier to associate larger regions than it is to associate small ones,
so this is okay.
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Frame to Frame Association

• Approach tracking as a global optimization problem.

• Use cost function that uses distance, size, shape, etc.

• Initialize at closest region to predicted location and size.

• Minimize global cost function using genetic algorithm.
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Genetic Algorithm

• Choose the best assignment of regions between frames (“That region
in the previous frame corresponds to this region in the current frame.”)

• Possiblities: all regions of suitable location and size.

• Splits and merges upto two regions are part of possibilities. (the sizes
either add or divide up).

• Now choose the assignment of regions that minimizes the global cost
function.

• Cost function favors long histories, similar severity, small distance,
similar size and no splits.
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Results

• Genetic algorithm does a good job of minimizing cost function beyond
the nearest neighbor.

• Long lived storms at the larger scales.

• Problem: Contouring is not a good way to segment since storms
slowly grow and decay, causing assignment problems.

• Ongoing work: Studying new methods of segmentation:

1. Watershed segmentation of smoothed field
2. Local neighborhood-based statistical segmentation
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• Watershed segmentation of an infrared image and contouring the same image
based on watersheds.

• Watershed segmentation and contouring work very well one image at a time but
are not consistent frame to frame.
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• left The result of segmentation of two frames in the sequence after initializing
the segmentation using pixels that do not lie in modal intervals. The initial
segmentation map and the resulting segmentation of the first frame of the
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sequence are shown in the top row. The initial and resulting segmentations of
a frame two hours later are shown in the bottom row.

• right (a) Original image (bright=higher temperature) (b) The mean in a local
neighborhood around the pixel. (c) The variance in neighborhood. (d) The
coefficient of variation within neighborhood. (e) Skewness within neighborhood. (f)
Kurtosis within neighborhood. (g) Contrast within neighborhood. (h) Homogeneity
within neighborhood.

• Neighborhood statistics (“texture”) works much better. The method is to compute
the distribution of texture in regions, find outliers using the Kolomogorov-Smirnov
test, combine them into new regions and iterate until the segmentation is stable.
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Need more information?

• You can find other articles, an electronic copy of this poster, and a
copy of the article in the AMS proceedings at this website:
http://www.nssl.noaa.gov/ ˜ lakshman/Papers/
Follow the “Conference Papers” link.

• Email me at:
lakshman@ou.edu
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