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landscape information.
How do we extract it?

Airborne LiDAR Systems Market
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“The LiDAR market is growing all around the word, but LiDAR handling software
0 025 05 1 Kilometers is not ar;d there isa void m_bﬂpﬂﬁ processing software.
R BN A Richard Vincent —Virtual Geomatics




GeoNet: NCED toolbox for channel network
extraction
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 Co-dependence of drainage patterns,
vegetation and climate
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new opportunities for geomorphologic research in the area of environmental

ta for such research, MCED scientists created a new computational tool: GeoNet.
from high resolution digital elevation data. During the extraction process, GeoNet
brocessing of data, and energy minimization principles, for feature extraction. The

coefficient, achieves noise removal {in low gradient areas) and edge

= N eW re | ease fe atu res Y boundaries). After this preprocessing, GeoMet extracts channels as geodesics

Eed on the fundamental geomorphologic characteristics of channels, such as flow
performs only channel extractions. However, by varying the cost fundion, future
r geomorphic features of interest, such as landslides, service roads, terraces, etc.

S u m m ary an d CO n CI US i O nS nts an example of successful, interdisciplinary collaboration among

ocessing experts.




Scale of features of interest
VS.
small scale variability

= Extraction method
Linear vs. nonlinear

A smoothing filter is applied on the original data to remove ‘noise’
(observational noise or irregularities at scales smaller than the
scales of interest).



Linear filtering

A popular smoothing filter is the Gaussian kernel:

h(x, y,t)=hy(x, y)* g(x, y;t)

* denotes the convolution operation and G(x,y;t) is a Gaussian kernel of
standard deviation t, centered at location (X,y):
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This family of coarsened landscapes may be seen as solutions of the
linear heat equation [Koenderink, 1984]:

%h(x, y,t)=V-(cVh)=cv?h




What is the effect of linear filtering?

Original data Original data with noise  Gaussian filtering 0 = 7
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What is the effect of linear filtering?

Original data Original data with noise  Gaussian filtering o = 14
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Gaussian filtering is isotropic and does not respect the natural
boundaries of the features.




Perona-Malik nonlinear filtering

Perona and Malik [1990]: preferential interregion smoothing rather than
Intraregion.

Nonlinear diffusion filtering type with a diffusion coefficient chosen as a
suitable function of space and time:

on(x.y.t) :V-(c(x, y,t)Vh) =c(X,y,t)Ah+Vc-Vh




Nonlinear filtering
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Passalacqua, P., T. Do Trung, E. Foufoula-Georgiou, G. Sapiro, and W. E. Dietrich, J. Geophys. Res., 2010
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Nonlinear filtering

Original data with noise Gaussian filtering o = 14 Perona-Malik t = 200
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Quantile-quantile plot: Deviation from a straight line indicates a deviation
of the pdf from Gaussian and can be interpreted as transition from
hillslope to valley [Lashermes et al,. 2007].

Skeleton of likely channelized pixels: binary matrix where 1 is assigned to
pixels with curvature above threshold.




What makes the
channel special?

TR ¢

= Extraction method

Geodesics

The cost function y represents the cost of traveling between point a and
point b in terms of a function of area (A), slope (S), curvature (k) and
skeleton (Skel):

1 1
= e.J.,
f(A S, k,Skel) : a-A+0 -k

. b
The curve with minimum cost is the g(a, b) = arg(mm \P(s)ds)
geodesic curve: CeQ Ja
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End point detection

The cost is minimum
along the channels

1
~ f(A,S, &, Skel)
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End points are identified as the points of the skeleton at minimum
geodesic distance from the outlet.

Passalacqua, P., T. Do Trung, E. Foufoula-Georgiou, G. Sapiro, and W. E. Dietrich, J. Geophys. Res., 2010




Channel extraction
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The curve with minimum cost is the g(a, b) = arg(rplg . \P(s)ds)
geodesic curve: -

Channels are traced by gradient descent on the geodesic distance.

Passalacqua, P., T. Do Trung, E. Foufoula-Georgiou, G. Sapiro, and W. E. Dietrich, J. Geophys. Res., 2010



= @7 npplications: Channel initiation

¢+ With Paolo Tarolli, Efi Foufoula-Georgiou AT
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= Surveyed network

= Applications
Channel initiation
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Passalacqua, P., P. Tarolli, and E. Foufoula-Georgiou, Water Resour. Res, 2010



' lfl With Paolo Tarolli, Efi Foufoula-Georgiou
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= Applications

Channel disruptions

Passalacqua, P., P. Tarolli, and E. Foufoula-Georgiou, Water Resour. Res, 2010
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{ With Patrick Belmont, Efi Foufoula-Georgiou
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Applications: Flat lands and channel morphology

3800
3400 3600 3800 4000 4200
x [m]
(d) h [m]
3200} 310
300
3400
290
3600t 280
270
3800¢
: . . 260
3400 3600 3800 4000 4200
x [m]



Applications: Flat lands and channel morphology

With Patrick Belmont, Efi Foufoula-Georgiou
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Passalacqua, P., P. Belmont, and E. Foufoula-Georgiou, in review.



1y vegetation and climate
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= Applications

Vegetation and climate
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Applications: Co-dependence of drainage patterns,
vegetation and climate

With Colin Stark, Harish Sangireddy
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'f,,;,__‘;:: 477 GeoNet 2.0 — Release date Nov. 15 2011

Sub-basin index

Jf With Colin Stark, Harish Sangireddy
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i « Basin and sub-basin identification
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~ » Better channel head detection y/ a3
: . ¥ GeiH I 2 3 ]
T8 o Better Channel path de“nea’“on 100 200 00 400 500 600 700 800 900 100
v X [ME]
4 * Faster and more memory efficient code Geodesic distance

~ « Easier installation

 New improved user interface

« Easier user customization
« Better visualization now 2D and 3D

« Better GIS file and Metadata handling
* Bug fixes

« Better documentation

e More demo DTMs

= New release




GeoNet 2.0 — Release date Nov. 15 2011

With Colin Stark, Harish Sangireddy

Website at sites.qgoogle.com/site/geonethome/

(On”ne at release da’[e) GeoNet - lidar DTM analysis
| Home |
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What is GeoNet?

»
} Download
F How-to

Milestones
Coming soon!

People
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Installation
Links
1. General

The University of Texas at

e Geonet is a Matlab toolbox.

Lamont-Doherty Earth

Observatory 2. MS5-Windows

Install Matlab on windows and follow the steps below:
Nartional Center for Earth—
surface Dynamics

3. Mac 05-X

Panonal Centes fo aupcne Install Matlab on Mac O5-X and follow the steps below

Laser Mapping

NSF Geography and Spartial

Sciences 4. Linux

Install Matlab on Linux and follow the steps below:
NSF Geomorphology and

Land-use Dynamics

Open Topography

Matlab documentation Documentation
Contacts
= Geonet Terminology
Paola Passalacqua -
Harish Sangireddy = Basic Matlab C
asic Matlab Concepts
= New release Colin stark .
= Five minute Program Launch Tutorial ( probably




; » GeoNet combines nonlinear diffusion and geodesic paths;
“ /. « Nonlinear filtering preserves the location of features of interest;

+ » Geodesic paths allow a global robust extraction of channels (not
4 affected by local noise, roads, etc.);

e . e Applied to a variety of landscapes of different characteristics

1 + Toolbox available for free download
~ http://www.nced.umn.edu/content/geonet

* New release coming out in November 2011.
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= Conclusions



