http://www.opentopography.drg/index.php
resources/short_courses/15 NPAC

Applications of High Resolution Topographic data to the Earth Sciences

nubes de puntos y aplicaciones en ciencia: Official website (en espanol)

CICESE

April 8-10, 2015 CISESE, Ensenada, Baja California Mexico
Supported by: CISESE, CONACyT, LAStools, Cloud Compare, and OpenTopography.

Organizers and Instructors:

* Alejandro Hinoosa ,CISESE, Ensenada, Baja California Mexco

* Martin Isanburg, LASTools, Gilching, Germany

* Danel Girardeau-Montaut, Cloud Compare, Grencbie, France

* Emy Kieber, OpenTopography/ASU, Tempe, Arizona, USA

* Barrett Salisbury, OpenTopography/ASU, Tempe, Arizona, USA

* Kendra Johnson, Colorado School of Mines, Golden, Colorado, USA

Officlal website: Programa en espanol
Wednesday, April 8, 2015

Time Topic Instructor
8:30am Wecome
8:45am LAStools Martin

¢ Live Stream and Recorded video from Presentation sanburg ~ k OpenTopography
3 10
5]

* Presaniation: Introduction to LDAR and examples from mapping vegetation in the Canary
slands, flood mapping in the Philippines, archeological discoveries in Poland, Thailand
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- OpenTopography
Online Access to High-Resolution Lidar
Topography Data and Processing Tools

— —

Presentation given by Emily Kleber
Arizona State University, Tempe, AZ, USA

OpenTopography Principle Investigators (Pls):
Christopher Crosby
UNAVCO, Boulder, CO, USA

Viswanath Nandigam & Chaitan Baru
San Diego Supercomputer Center, UCSD, San Diego, CA, USA
J Ramon Arrowsmith
Arizona State University, Tempe, AZ, USA

Garlock fault (EarthScope)
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Denali 2002 earthquake rupture (earthscope)



P '! OpenTOpography A Portal to High-Resolution

Topography Data and Tools

Home About Data

www.opentopography.org

4

Tools Educaton | Community = Support

Lidar point cloud data, White Sands National Monument, NM

Cﬂ Overview Video

Spotlight

& Find Data

Share Your Data and Tools
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Latest News

Developng software or tocls for analyzing precessing or
analyzing high-resolution topography data? Have lidar
data you want to share with a larger audience? We
prov.de a system that allows you to reg ster your data or
tools with OpenTopography so that the ‘arger
community can access them. He'p grow the resources
available threugh OpenTopography and contribute.
Also, explore the OpenTopography Tool Registry and
Community Contributed Data to see what is already

2014 Post South Napa Earthquake data now available

Posted: March 25, 2015

OpenTopography is pleased to announce the release of high resclutien peint cloud
data colected after the 2014 South Napa Earthquake. [ more )

OpenTopography Short Courses in Mexico

Posted: March 23, 2015

Qver the next 2.5 wesks, OpenTopography wi! be partic patng In two short courses
n Mexico - one at Natona Autonomous... [ more |

myOpenTopo

Tools Learn

Data Summary

Al.

Latest Lidar Datasets:

- August 24, 2014 South Napa Earthquake

- Lunar Crater Voicanic Field, Central Nevada

- Sunset Crater Volcano National Monument, AZ

- Kremmling, CO: Blue and Colorade River Confluence

Total Coverage: 179,153 km?
Total Number of Lidar Retumns: 820,912,253,381

More Metrics...

Connect with OpenTopography

@388

OpenTopography @OpenTopography Sh
_,"' CICESE stream of 3-day "Workshop on point
clouds & applications in science”.
CloudCompare today. OT tomorrow:
youtube.com/watch?v=DxMDTA4... #idar

O Show Media

OpenTopography @0penTopography 8 Apr

."' PhotoSat Confirms DigitalGlobe's WerldView-3
Satellite Accuracy using @EarthScopeinfo #lidar
from OpenTopography:



-ty ¥y g >4 :
~S T T LIS > 1524
siod > A

- ";’:j.._,r_ o ';_ : ) '-) /
Seattle Washington

F= - s Y
L e 4
- A » o A 4
" ) 5 ;}
< ‘ i f} "-4"""// Y e ;
Portland COTIAL ) S
Eugene® = L RN
¢= " Oregon SFeranle ]
; “sldaho
|
,, f /): Ic .

‘ .-'. > 3
. b N '.‘
- ]‘
Santa Ro\ \ o - "
Sacramento
an Pa}

S +4
Francisco e
San Jode Califom'i'q'\
’ .

‘Nevada

R Anléc:%s
l'"Avco*}an Diegoo\

earth
sc®pe

wvaw. e lscopes, org

| LiDAR Project

' :’,

b "f y

) O
3

» Wyoming

o -
Salt Lake
‘..1 City 7
Utah A%
1
Arizona N
Di., : g Q

How do we deliver these large community data

sets to users?

Open Access to
Community
Datasets:

EarthScope LiDAR:
- Collected 2007 - 2008
- 5500+ km? = 32+ billion pts

Large user community with
variable needs and levels of
sophistication.

Goal: Democratize access to data

to achieve greatest scientific
impact.

Big data:
- Treat data as an asset that can
be used and reused

- Co-locate data with on-demand
processing



Data Status |

60 B Total Datasets

M Datasets/quarter

140

MOQOUs & Partnerships

NSF: NCALM, UNAVCQ,, | |
CZ0s, LTER

 LIDAR returns: 800 billion

e Size on disk: ~20 TB of pt
cloud data

Other: USGS, World | |* Area: 179,153 km?
Bank, Tahoe Regional [® 183 datasets
Planning Authority,” | | * and growing!
Teton Conservation
District, Oregon Liddr I
Consortium, Idaho
Lidar Consortium, *
Sonoma County Veg
Map, NASA LVIS and
GLAS, ...

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

0

Service Agreements: State of Indiana, PG&E
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Airborne Lidar Workflow

1. Acquire W) point cloud
; 2. Process = . B oy

First return

Bare earth



Tiered Data Access:

Processed and easy to access product for
synoptic data browsing and education.

— Google Earth

Vast majority of earth science users want
a standard gridded product:

— Optimized (“standard”) DEM

Data Volume, Computational Demands

Co-locate “raw” point cloud data next to
processing tools to allow users on-
demand data access to optimize terrain
representation.

— LAS files

Google Earth (KMZ2): visualization &
synoptic data browsing

AMN

DEMs: qualitative & quantitative
analysis, GIS-users, data integration

Point Cloud & Custom DEMs: “raw”
data access and fully customized
data products

asn Jo asex / Ay|iqIssadny




Service Oriented Architecture

3rd Party

OpenTI;%pr?Eﬂraphy Applications
F E_ j E j App Space

Authentication / Authorization

Data Subsetting Gridding Raster Processing Visualization
Service Service Service Service
L@ L@ L@ —
Webservices
\ /

LIDAR Point Raster Elevation Data Derived
Cloud Data (high-res/Global DEM) Rasters

DEM (P2G/STIN)  Format Translation Visualization
Algorithms Algorithms

Orthoimagery Algorithms

Compute
RDBMS Nodes

Custom Data SDSC
Management System Storage Cloud

GORDON
Nodes

OpenTopography: a services oriented architecture for community access to LIDAR topography, COM.Geo
»a Database Design for High-Resolution LIDAR Topography Data, SSDBM, 5/2011

Slide courtesy of C.Crosby
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Ztin DEM:

Download KMZ file: viz.tin.hs.kmz
View with Google Earth browser plug-in

Download KMZ file: viz.tin.crhs.kmz
View with Google Earth browser plug-in
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Useage Metrics

20,567 jobs
1.2 Trillion points (currently >30 billion pts/month)
7000+ registered and unique users
Growing & diverse user base

« Top users are students (75 of top 25)

Other Unknown/Personal -
3% 230 Educational
h Institutions
Aerospace
1% /——
Energy

1%

Earth,
Enviromental, Civil
Engineering
9%

Significant # of student users

Technology Sector
5% .
Slide courtesy of C.Crosby
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OpenTopography publication disciplines

~#=Earthquakes and Faults
~&-geomorphology
~*=hydrology

~*~ecology

~*=Computer Science/
Cyberinfrastructure

2006 2007 2008 2009 2010 2011 2012

Overall: 106 peer-reviewed papers calling out OT for data or methodology
e 15 theses
» 20 reports/position papers

Each dataset has a unique Digital Object Identifier (DOI) (www.doi.org)

~®-Remote Sensing/GIS . /

2013

2014



Education & Community Engagement

Classroom Resources
e Lidaris powerful tool for teaching fundamental

concepts.
* OpenlLandform Catalog features iconic geologic

features in lidar. Available for download in several
formats.

Short Courses & Workshops
e Directly reach hundreds of participants, mostly students
* International: 2012 in Cairo, Egypt; 2014 in Tokyo, Japan (SCEC VISES), and 2015 in Mexico

Significant tutorial content, including videos: - Y
. o | [l Tube
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Compute watershed grids: fill, flo...

1,700 viewws 6 months ago




Future Work: Extensibility

 Computing: Develop a pluggable services infrastructure to enable scientists to
integrate state-of-the-art LiDAR processing tools directly into OT system, able
to operate on OT hosted data.

— Expanding access and impact of scientific in the larger community.
— Analogous to ingestion of data

80
* Data: Support for increased volumes and
types of data

70
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— Increasing data volumes
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— Full Waveform data

B Total Hosted
Datasets

B
o

— Imagery and hyperspectral
— Contextual elevation data N
— Repeat surveys ||
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Slide courtesy of C.Crosby



Future Work: Scalability

Data Management:

Storage optimizations based on mining data usage

— Manage “hot” and “cold” dataset differently to
meet processing demands.

* Recently published data
» Specific geologic regions and features
* External events, e.g. an earthquake

— Leverage SDSC resources Lake Tahoe, CA, USA

Processing and Analysis:

— Support use of Amazon (or other clouds) for processing/analysis algorithms.
— Access to SDSC on-demand computational resources
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Slide courtesy of C.Crosby



OpenTopogn%;hZ

LiDAR imagery (hillshade and canopy height in green)
of Emerald Bay, Lake Tahoe Basin, CA/NV

Conclusions:

OT = excellent example of a mature
Spatial Data Infrastructure system
enabling access to challenging data for
research, education and outreach.

Growing partnerships with data
providers in the academic,
governmental and commercial
domains

- Global partners?

Future R&D focused on leveraging next
generation computing resources, and
integration of community processing
tools.

Slide courtesy of C.Crosby



Demonstration

www.opentopography.org



Interesting datasets for use with LAStools, Cloud
Compare, and local datasets from Mexico available on

www.opentopography.org

» Satellite data: Global 90m SRTM (Shuttle Radar Topography Mission)
* Global 90m pixel size data
* http://www.opentopography.org/id/OTSRTM.042013.4326.1
* Earthquake data- El Mayor-Cucapah, 2010
* El Mayor-Cucapah Earthquake (4 April 2010) Rupture Lidar Scan
* http://www.opentopography.org/id/OTLAS.122010.32611.1
e 2006 INEGI Sierra Cucapah Emperically Corrected Lidar Dataset
* http://www.opentopography.org/id/OTLAS.102012.32611.1
* Earthquake data- South Napa, 2014
e Augusts 24, 2014 South Napa Earthquake
* http://www.opentopography.org/id/OTLAS.122014.26910.1
* Napa Watershead, CA (2003)
e http://www.opentopography.org/id/OTLAS.052010.26910.1
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LINK: Topographic ﬁvta for :

IVIeX|co Gwde for downloadi -
data Qg

Guide for Downloading and Initial Processing of High Resolution Topographic data for short course
“LIDAR Derived DEMs applied to Landslide, Fault, Earthquake Rupture, and Landscape
Changes” (Modelos Digitales de Elevacion de LIDAR A gllcados a Deslizamientos de Tierra, Fallas,
Ruptura por Sismos y Cambios del Paisaje)

http://www.opentopography.org/index.php/resources/short courses/15 UNAM

Written by Alana Williams, Emily Kleber, and Ramén Arrowsmith (ASU/OpenTopography)

Mapa Digital de México @

http://qaia.inegi.orq.mx/mdm6/

gl BETITUTD MnCOMM. -
D6 ESTROISTICA Y GEOGRASIA
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Locate study area )
Mapa Digital de México @
I Download data from INEGI |
Format 1: ASCII XYZ Data (filename.xyz) | | Format 2: Arc binary Grid (filename)
Change extension to text file ' ’
(filename.txt)
l '
: 4
ArcCatalog: Convert to databse
(filename.dbf) 4 /1
y :
| ArcCatalog: add XY data | ef A
4
3 g f »
l ArcCatalog: Point to Raster | ‘" ¢ .
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/ . l‘
.
I Define Projection l
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| Import into ArcMap |




White River, IN. Credit:
Indiana Geological Survey/The
State of Indiana

OpenTopography

Muchas Gracias!

info@opentopography.org

= @OpenTopography

‘~ | Facebook.com/
OpenTopography




