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Introduction

* The Problem

* Understanding Layers in the radar images:

— helps compute the ice thickness and accumulation
rate maps

— help studies relating to the ice sheets, their volume,
and how they contribute to climate change.

* Develop an automated tool for tracing Layers in
radar imagery




Related Literature

* Internal Layers
— Fahnestock et al (2001)
— MacGregor et al (2013)
— Sime et al (2011)
— Panton
— Lora Koenig

« Surface and Bedrock
— Gifford et. al (2010)
— Crandall et. al (2011)
— llisei et al (2012)




Active Contours Models

Active contour models, computer generated
curves, which move within images to detect
object boundaries

Used in Image Segmentation
Examples
— Snakes, Intelligent Scissors, Level Sets




Estimating Near Surface Internal Layers




Snakes

* A snake is defined in the (x,y) plane of an image as a
parametric curve

v(s)=(x(s),y(s)),s €[0,1]

* A contour has an energy (E.,_...), Which is defined as the
sum of the three energy terms.

Emcz['e - f (aEe/dmb(V(s)) T /3 Ebem?'/zg(lx(s)) T }/E:f/nge(lz(s)))a{sY

» Detecting Layers reduces to an energy minimization
problem.




Algorithm for Estimating Near Surface Internal Layers

1. Identify Ice Surface
2.
3.
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1. Identify Ice Surface
2. Classify Curve Points
3. Active Contours (Snakes)
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Algorithm for Estimating Near Surface Internal Layers

1. Identify Ice Surface
2. Classify Curve Points
3. Active Contours (Snakes)
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ithm for tiatg ' a Innal Layers
1. Identify Ice Surface

2. Classify Curve Points
3. Active Contours (Snakes)




Original Echogram

Detected Near Surface Internal
Layers Echogram




Quality Issues

 Backscatter introduces clutter

* Near Surface Internal Layers
— Fuse into other Layers
— Dis/Reappear

* Near Surface Internal Layer intensity
decrease as depth increases

— Gaps in the bottom lower portion of echogram




Estimating Surface and Bedrock Layers




Level Sets

* Alevel set is defined by a set of points, where the
functions is constant (the boundary is zero):

I' = {(X,y) | ¢(t9x9y) = O}

* The level set evolves in a direction normal to a gradient,
which is determined by a PDE in order to minimize the
cost function

1

g(l)=

(1+1 VG, *I 1)
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Algorithm for Estimating Surface and Bedrock

1. Identify an Ellipse
2. Active Contours (Level Sets)
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Algorithm for Estimating Surface and Bedrock

1. Identify an Ellipse
2. Active Contours (Level Sets)




Original Echogram

Detected Surface and Bedrock
Echogram

TR
‘uam v.,‘. )

L W

-y
K3




Quality Issues

 Backscatter introduces clutter

 Faint and Discontinuous Bedrock
Reflections

« Surface Multiples considered to be the
|dea Surface




Conclusion

 |dentified Near Surface Internal Layers
— 2011 Greenland P3 snow radar echograms

+ |dentified Surface and Bedrock Layers

— 2009 Antarctica multichannel coherent radar depth
sounder echograms




Future Work

* Improve internal, surface, and bedrock Layer
detection algorithms for more data products

— learning algorithms
— Incorporate meta data
— identify non layers
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