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Overview
Earth science investigations increasingly require accurate representation of the Earth surface using
three-dimensional data capture, display, and analysis at a centimeter scale to quantitatively
characterize and model complex processes. Recognizing this community need, researchers at several
universities and UNAVCO established the NSF-funded Interdisciplinary Alliance for Digital Field
Data Acquisition and Exploration (INTERFACE) project to support a Terrestrial Laser Scanning
(TLS) instrument pool and data collection expertise now based at UNAVCO. At its official
conclusion in 2012, the value of INTERFACE cannot be overstated as being one of the critical
foundations for the development and implementation of TLS community support provided by
UNAVCO to the Earth science community.
INTERFACE activities led to the TLS data acquisition workflows currently used by UANVCO,
accessibility to nascent data analysis hardware and software tools, engineering support for pioneering
investigative research projects, and community educational efforts including instructional short
courses at venues such Geological Society of America (GSA) meetings and the introduction of TLS
to undergraduate geology field camps. As requests for TLS support for NSF sponsored research
projects continues to grow rapidly, UNAVCO’s current ability to serve such community needs is
directly attributable to INTERFACE.
Compared to just a few short years ago, it is now very straightforward for an investigator acquire or
otherwise access TLS data. Many of the barriers that inhibited investigator access to TLS data have
been removed or mitigated. INTERFACE helped fuel a dramatic increase in the number of research
and education projects benefitting from TLS technology. And this increase led to the rapid growth of
a TLS user community, as illustrated by a well-attended workshop on terrestrial geodetic imaging
organized by UNAVCO and led by INTERFACE PI’s in October 2011. This workshop is described
later in this report but two significant and revealing aspects were that 1) the number of participants
was nearly double that anticipated, and 2) that a significant number of participants were graduate
students currently using TLS as a research tool. We interpret this as being a strong indication of
community interest in TLS and, based on the workshop’s outcome, also a strong indication of the
community’s interest in and evolution toward greater organization and sophistication. The overall
success of UNAVCO attaining its current state of capabilities, the rapid growth of an Earth science
research community embracing TLS, and the formulation of a roadmap to help ensure future
successes is the INTERFACE legacy.
TLS Project Support
TLS is based on Light Detection and Ranging (LiDAR) technology and is part of a suite of new
geodetic and imaging technologies that are becoming increasingly important to the Earth sciences
community for use in myriad research applications. Also known as ground based LiDAR or tripod
LiDAR, TLS offers an unprecedented capability to image at centimeter-level resolution 2.5-
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dimensional surfaces such as topography and fully 3-dimensional shapes such as cultural objects or
rock or ice outcrops with overhanging features. TLS instruments are very precise, reasonably
portable, relatively easy to operate, and have been used successfully to support a wide range of
geoscience investigations including detailed mapping of fault scarps, geologic outcrops, fault-surface
roughness, frost polygons, lava lakes, dikes, fissures, glaciers, columnar joints and hillside drainages.
Moreover, repeat TLS surveys allow the imaging and measurement of surface changes through time,
due, for example, to surface processes, volcanic deformation, ice flow, beach morphology transitions,
and post-seismic slip. TLS is applicable to problems with areal extents at the 10-meter to kilometer
level where detailed analysis is needed. Concurrent GPS measurements can provide accurate global
georeferencing of the TLS data and absolute 3D coordinates, particularly important in repeat studies
where the stability of all surfaces is uncertain. Coincident high-resolution digital photography allows
the generation of photorealistic 3D images that open the potential to analyze and extract geospatially
referenced observations in the laboratory. TLS measurements complement spaceborne and terrestrial
radar, airborne LiDAR, and spaceborne LiDAR techniques in providing smaller-scale, higherresolution plots of important areas and by filling in areas inaccessible by these other techniques.
With INTERFACE FTE support (primarily for Phillips) and INTERFACE derived data workflows,
UNAVCO provided engineering support for PI projects, planning support for PI proposals,
community outreach, and UNAVCO resource development and staff training. In parallel with
INTERFACE activities, UNAVCO acquired 6 TLS systems between 2007 and 2010 through a
combination of two NSF MRI proposals (ANT-0723223, EAR-0923539) and an I&F supplement to
the Cooperative Agreement. UNAVCO supported nearly 80 TLS field projects between 2008 and
2011, with rapid growth from year to year and with continued growth expected in the future as shown
in Figure 1. A listing of these projects and highlights from selected projects are provided in Table 1.

Figure 1. Leveraged by INTERFACE, the number of TLS field projects supported by UNAVCO
grew rapidly during years 2008-2011. Continued growth is expected in years 2012-2018.
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Table 1. TLS projects (actual field deployments) supported by UNAVCO.
Project Name
PI
Funding Source
FY 2012 (up through February 2012)
Decadal Landscape Evolution, Bijou Creek CO
Tucker
NSF-EAR
KU Tusher Canyon UT
Walker
NSF-EAR
White Sands NM
Ewing
NSF-Other
Egypt LiDAR Training Workshop
Tewksbury
NSF-Other
Green Sahara Niger
Sereno
NSF-Other
Biosphere Geomorphology
DeLong
Other-University
Taylor Valley Landscape Ecology
Barrett
NSF-OPP Antarctic
McMurdo Dry Valleys LTER
McKnight
NSF-OPP Antarctic
McMurdo Dry Valleys LTER
Fountain
NSF-OPP Antarctic
Garwood Valley Landscape Change
Levy
NSF-OPP Antarctic
Mt Erebus Lava Lake and Fumeroles
Kyle
NSF-OPP Antarctic
Beacon Valley Frost Polygons
Sletten
NSF-OPP Antarctic
Friis Hills Fossil Studies
Ashworth
NSF-OPP Antarctic
Taylor Valley Blood Falls Studies
Mikucki
NSF-OPP Antarctic
Alaska Thermokarst
Bowden
NSF-OPP Arctic
Alaska Alpine Cairns
Hunt
NSF-OPP Arctic
Greenland Basal Sliding
Harper
NSF-OPP Arctic
ITEX SAON Tundra Features
Tweedie
NSF-OPP Arctic
Shetland Islands Archeology
Bigelow
NSF-OPP Arctic
FY 2011
IGCP Silurian Outcrops Kentucky 2011
Aiken
NSF-EAR
Bijou Creek Erosion Monitoring and Telemetry 2011 Tucker
NSF-EAR
Student educational project in GNSS 2011
Anderson
NSF-EAR
Pinatubo Channel Evolution 2011
Gran
NSF-EAR
Sierra Nevada Landslide 2011
Brooks
NSF-EAR
Decadal Landscape Evolution (Colorado)
Tucker
NSF-EAR
Puerto Rico Landslides 2011
Wang
NSF-EAR
Methane Cycling Northern Peatlands 2011-2013
Slater
NSF-EAR
Yellowstone Geyser Deformation 2010
Soule
NSF-EAR
El Mayor-Cucapah 2011-12
Taylor
NSF-EAR
Southern San Jacinto Fault 2011
Rockwell
NSF-EAR
NSF Hazards Event 2011
Carlson
NSF-Other
Dinosaur Trackway Alaska 2011
Fiorillo
NSF-Other
Fall AGU 2010
Olds
NSF-Other
Indiana University Field Course 2011
Douglas
NSF-Other
Japan Tsunami 2011
Fritz
NSF-Other
RESESS 2011
Sloan
NSF-Other
Texas New Mexico Volcanic Aeolian Bedorm
Ewing
NSF-Other
Waterscapes Everglades Biomass 2011
Wdowinski
Other-NASA
Mt Rainier 2011
Pitlick
Other-NPS
Channel Bed Topography, Reynolds Creek ID 2011
Johnson
Other-USDA, University
Four Mile Fire 2010
Moody
Other-USGS
Northwestern Basin and Range Lidar 2011
Egger
Other-University
Granby Landslide Deformation Mapping
Lowry
Other-University
Ritschard Dam Deformation Scanning
Lowry
Other-University
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Dry Valleys Snow Distribution and Ecosystems
McMurdo Dry Valleys LTER
McMurdo Dry Valleys LTER
Beacon Valley Geomorphology
Mt Erebus Lava Lake and Fumeroles
Beacon Valley Surface Processes
Friis Hills Fossil Studies
Amundsen Sea Ice Surveys
Beardmore/Oliver Bluffs Fossil Beds
Alaska Thermocarst
ITEX SAON Tundra Features
Shetland Islands Archeology
FY 2010
Bijou Creek landscape evolution
Landslide imaging
Training
Puerto Rico Landslide imaging May 2010
Puerto Rico Landslide imaging Aug 2010
El Mayor-Cucapah earthquake response
Elsinore fault mapping
San Andreas fault mapping
Congressional Visits Day, Capitol Hill
Indiana University Field Course 2010
Mt. St. Helens Erosion
Waterscapes Everglades Biomass 2010
San Rafael Swell Volcano Conduits
Lanai shoreline
Dry Valleys Snow Patches
Lake Bonney Endurance UAV
Dry Valleys Gully Features
McMurdo Dry Valleys LTER
McMurdo Dry Valleys LTER
Mount Erebus Volcano Observatory
Dry Valleys Wind Erosion Processes
Barrow Internatn'l Tundra experiment (ITEX) SAON
Circumpolar Active Layer Monitoring Network
Arctic Thermocarst
Toolik Field Station research Station
FY 2009
Indiana University Field Course 2009
Panamint Valley
Decadal Landscape Evolution, Bijou Creek CO
Soil moisture studies, Boulder CO
Precariously Balanced Rocks, SoCal
McMurdo Dry Valleys LTER
McMurdo Dry Valleys LTER
Mount Erebus Volcano Observatory
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Gooseff / Barrett
McKnight
Fountain
Marchant
Kyle
Sletten
Ashworth
Ackley
Ashworth
Bowden
Tweedie
Bigelow

NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Arctic
NSF-OPP Arctic
NSF-OPP Arctic

Tucker
Wang
Rubin
Wang
Wang
Oskin
Rockwell
Williams
Rowan
Douglas
Pitlick
Wdowinski
Connor
Bawden
Barrett
Doran -Stone
Lyons
McKnight
Fountain
Kyle
Gilles
Tweedie
Shiklomanov
Crosby
Stuckey

NSF-EAR
NSF-EAR
NSF-EAR
NSF-EAR
NSF-EAR
NSF-EAR
NSF-Other
NSF-Other
NSF-Other
NSF-Other
NSF-Other
Other-NASA
Other-University
Other-USGS
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Arctic
NSF-OPP Arctic
NSF-OPP Arctic
NSF-OPP Arctic

Douglas
Walker
Tucker
Larson
Hudnut
McKnight
Fountain
Kyle

NSF-Other
NSF-Other
Other-University
Other-University
Other-USGS
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
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McMurdo Dry Valleys Soil Erosion Studies
Friis Hills Paleo features
Asguard Range feature study
SNOWNET
Arctic Thermocarst
FY 2008
Bull Pass - McMurdo dry Valleys
Penn State CAUSE

Sletten
Ashworth
Mukhopadhyay
Sturm
Gooseff

NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Antarctic
NSF-OPP Arctic
NSF-OPP Arctic

N/A
Lafemina

Pilot Antarctic
NSF-OPP Arctic

Photos and figures from some of these supported projects follow.

Figure 2a. TLS scan of tsunami inundation site at Kamaishi, Japan. Note stranded ship and tsunami
damage on buildings and seawall. (PI: H. Fritz; UNAVCO: D. Phillips).
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Figure 2b. Photo of scanned tsunami inudantion Figure 2c. TLS scan of tsunami inundation site at
site at Kesennuma, Japan. (PI: H. Fritz; Yuriisohama, Japan. (PI: H. Fritz; UNAVCO: D.
UNAVCO: D. Phillips).
Phillips).
	
  
	
  

	
  

Figure 3a. Arenal Volcano, Costa Rica, being scanned by UNAVCO’s Riegl Z620 TLS (PI: A.
Newman, UNAVCO: J. Normandeau).
	
  

	
  
Figure 3b. A crew of many people was
required to transport the TLS equipment over
treacherous terrain on Arenal Volcano, Costa
Rica (PI: A. Newman, UNAVCO: J.
Normandeau).
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Figure 3c. TLS derived point cloud image of Arena
Volcano. PI: A. Newman, UNAVCO: J.
Normandeau).
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Figure 4. UNAVCO TLS survey of the Fourmile Canyon wildfire study site near Boulder,
Colorado. Site is within NSF Critical Zone Observatory (CZO). (PI’s: Moody, Tucker;
UNAVCO: D. Phillips, B. Hodge, S. Doelger, L. Siegel, M. Okal).
	
  

Figure 5a. Students from University of Puerto
Rico Mayaguez, led by graduate student Felix
Rivera Santiago and former RESESS protégés
Arlenys Ramirez and Fernando Martinez, conduct
a TLS survey of a landslide in El Yunque
National Forest, Puerto Rico. (PI: G. Wang;
UNAVCO: D. Phillips).

INTERFACE Final Report (NSF EAR-0651566)

	
  
Figure 5b. TLS point cloud of failed retaining
wall at El Yunque National Forest landslide site,
Puerto Rico. (PI: G. Wang; UNAVCO: D.
Phillips).	
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Figure	
  6a.	
  TLS	
  survey	
  of	
  a	
  conifer	
  ecosystem	
  
in	
   Everglades	
   National	
   Park	
   using	
   UNAVCO's	
  
new	
   Leica	
   C10	
   scanner.	
   	
   Here	
   the	
   scanner	
   is	
  
operated	
   by	
   Emmanuelle	
   Feliciano	
   Bonilla	
   of	
  
the	
  University	
  of	
  Miami,	
  and	
  is	
  assisted	
  by	
  an	
  
undergraduate	
   student	
   and	
   professor	
  
associated	
   with	
   the	
   Waterscapes	
   project.	
   PI:	
  
Shimon	
  Wdowinski	
  (University	
  of	
  Miami).	
  
	
  
	
  
	
  

Figure 6b. TLS survey in Everglades National
Park led by graduate student and former RESESS
protégé Emanuelle Felliciano Bonilla. (PI:
Wdowinski; UNAVCO: B. Hodge).	
  

	
  

	
  
Figure 7. TLS point cloud of Wolford Mountain Dam near Kremmling, CO. Points are colored by
elevation. (PI: B. Lowry; UNAVCO: D. Phillips, S. Doelger).
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Figure 8a. David Phillips of UNAVCO educates reception attendees about TLS during the 2010
Science-Engineering-Technology Congressional Visits Day (SET-CVD) on Capitol Hill. Image
courtesy Linda Rowan (AGI). This photo was published in Chell, K. (2010), AGU Scientists
“Rock” Capitol Hill for Congressional Visits Day, Eos Trans. AGU, 91(25), 224,
doi:10.1029/2010EO250005.

	
  
	
  
Figure	
   8b.	
   TLS	
   LiDAR	
   scan	
   by	
   D.	
   Phillips	
   Figure	
   8c.	
   TLS	
   LiDAR	
   scan	
   of	
   Reps.	
   Ralph	
  
showing	
   3D	
   image	
   of	
   members	
   of	
   congress,	
   Hall	
  (TX)	
  and	
  David	
  Wu	
  (OR)	
  by	
  D.	
  Phillips.	
  
including	
  Rep.	
  Roscoe	
  Bartlett	
  	
  (R-‐MD).	
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Figure	
   9.	
   TLS	
   survey	
   of	
   Elsinore	
   fault	
   near	
  
Ocotillo,	
   CA	
   in	
   January	
   2010.	
   This	
   project	
  
included	
  training	
  for	
  SDSU	
  students.	
  (PI:	
  Tom	
  
Rockwell,	
  SDSU;	
  UNAVCO:	
  D.	
  Phillips).	
  
	
  
	
  

	
  
Figure	
   10.	
   As	
   part	
   of	
   a	
   collaborative	
  
INTERFACE	
  related	
  project,	
  A.J.	
  Herrs	
  (KU)	
  
and	
   undergraduate	
   students	
   from	
   UCLA	
  
used	
   UNAVCO's	
   Riegl	
   Z620	
   TLS	
   to	
   acquire	
  
data	
   in	
   Baja,	
   Mexico	
   following	
   the	
   2010	
   El	
  
Mayor-‐Cucapah	
  earthquake.	
  PI:	
  Mike	
  Oskin	
  
(UC	
  Davis).	
  

Data Repository
INTERFACE activities and the availability of new scanners have created a flood of TLS and ancillary
data. With several different TLS manufacturers to accommodate and a range of project types
UNAVCO needs to have a flexible, but comprehensive data repository for a diverse set of
information. We have drafted an initial project archive data and product (e.g. merged point clouds)
list including TLS scans, merged scans, scan photos, field photos, maps, GPS data, project workflow
directories, software and other data and metadata. UNAVCO worked closely with partner
INTEFACE PI’s and members of the community to advance developments in this critical area, and
continues to do so. Deliverables from the TLS community workshop described below will be a key
resource in future advancements.
Community Support and Participation
In addition to supporting individual PI projects, UNAVCO engaged in broader community
participation and support through meeting presentations, short courses, advisory panels, and RESESS.
David Phillips from UNAVCO, with INTERFACE partners John Oldow and Carlos Aiken, taught
TLS short courses at the 2009, 2010 and 2011 GSA annual meetings, and due to popular demand, are
scheduled to present another course at the 2012 GSA meeting. These INTERFACE TLS short
courses at GSA not only filled to capacity every year but always had waiting lists. Phillips also cochaired terrestrial geodetic imaging sessions at the 2009 and 2010 Fall AGU meetings, and delivered
TLS related presentations at these and other community meetings.
Highlight: Integration of TLS within a Traditional Geologic Field Course – Insights from the
Indiana University G429 Program
Starting in summer 2009, with INTERFACE support, UNAVCO worked with Professor Bruce
Douglas to incorporate TLS into the Indiana University G429 program, a traditional undergraduate
geologic field course. Compared to traditional methods, TLS provides enhanced capabilities for data
collection, increased resolution and magnitude of quantitative data, problem solving exercises such as
determination of optimal instrumentation setup given the nature of field problems, and a collaborative
learning environment. One of the primary exercises is for students to map a series of fault offsets
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using traditional methods, then scan the same features using TLS, and then quantitatively analyze the
fault offsets using both the traditional measurements and the LiDAR point clouds. Another exercise
requires the students to consider a 3D mapping problem, devise and present a strategy for collecting
TLS data to address the problem, and then conduct the survey and collect the data themselves.
Professor Douglas considers this TLS integration to be a significant and increasingly valuable
addition to IU’s traditional geologic field program. Professor Douglas is not alone in this assessment,
as undergraduate field camps across the country have begun to integrate – or request help in
integrating – TLS into their field programs as well. We consider this activity to be one of the
highlights of INTERFACE.
Figures 11a – 11i show scenes from this activity. For all IU G429 photos: PI: B. Douglas, IU;
UNAVCO: D. Phillips; photos by Douglas and Phillips.

Figure 11a. Indiana University G429 is a Figure 11b. With INTERFACE support,
traditional undergraduate geology field course. UNAVCO and IU faculty successfully integrated
Mapping exercises are primarily based on TLS into the G429 curriculum.
Brunton compass measurements, topographic
maps and aerial photos.

Figure 11c. In traditional mapping exercises, Figure 11d. With TLS, field exercises provide a
students typically work individually.
collaborative learning environment and require
students to determine the optimal instrumentation
setup given the nature of the field problem.
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Figure 11e. Some limitations associated with
traditional field techniques include difficulties
with data collection and time constraints imposed
by obtaining quantitative data.

Figure 11f. TLS survey at same site as shown in
Fig. 16e provides enhanced capabilities for data
collection and increased resolution and
magnitude of quantitative data.

Figure 11g. TLS derived LiDAR point cloud of
study site shown if Figures 16e and 16f. G429
students use the LiDAR software to
quantitatively analyze the fault offsets. Points are
colored by intensity.

Figure 11h. TLS derived LiDAR point cloud of
the Charles F. Deiss Lodge at the Indiana
University Geologic Field Station. Points are
colored by elevation.
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Figure 11i. IU G429 students acquiring TLS data in the field using a UNAVCO scanner (Riegl
LMS-Z620).
Highlight: 2012 Workshop – “Charting the Future of Terrestrial Laser Scanning (TLS) in the
Earth Sciences and Related Fields”
In response to the increased level of community interest in TLS data and the rapid evolution of TLS
technology and data availability, UNAVCO hosted an NSF funded workshop (EAR-1138279) in
October 2011 that brought together 80 participants representing a spectrum of research fields with the
objective of outlining a strategic vision for the future of terrestrial geodetic imaging as applied to a
broad range of research activities at all levels of the community. Engaging the community at this
early stage represents a critical element in the growth of a coherent and effective research community.
UNAVCO and INTERFACE researchers collaborated with other NSF-supported facilities including
OpenTopography and the National Center for Airborne Laser Mapping (NCALM), federal agencies
including the U.S. Army Cold Regions Research and Engineering Laboratory (CRREL) and the U.S.
Geological Survey, and other universities to plan the workshop. The convergence of participant ideas
and experiences, a large and growing demand for TLS data and equipment, and clear consensus on
issues repeatedly reached during the workshop resulted in a suite of recommendations related to
community needs and desired resources, instrumentation requirements, data and metadata standards,
and a suite of educational resources including short courses and online training. A comprehensive
workshop report is available at http://www.unavco.org/community/ meetings-events/2011/tls/tls.html.
A highlight workshop summary was published in Phillips, D.A., J.S. Oldow, J.D. Walker, Eos, Vol.
93, No. 11, 13 March 2012.
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The total number workshop registrants (90) and onsite participants (80) was nearly double the number
anticipated in the initial workshop proposal (50). We interpret this as being a strong indication of
community interest in TLS and, based on the workshop’s outcome, also a strong indication of the
community’s interest in and evolution toward greater organization and sophistication.
•
•
•
•

Participants anticipated in proposal:
Total workshop registrants:
Total onsite workshop attendees:
Total student attendees:

50
98
80
21

It is notable that 21 of workshop participants (26%) were students. Moreover, most of these students
are actively using TLS in their current research. Several of the invited presentations were given by
students, as were many of the poster presentations.
As part of the workshop registration process, participants were asked to complete a questionnaire
designed to collect statistics regarding their use of TLS as a tool for conducting their research. The
full participant survey results summary is provided on the UNAVCO website. A few highlights from
these survey results that illustrate the workshop participants is provided below.
Participants who indicated they currently use TLS to support the following applications:
• 88%
Geoscience
• 13%
Cryosphere
• 27%
Engineering
• 17%
Ecology
• 12%
Anthropology
• 10%
Other (specified as transportation, education, historic preservation, spaceplanning, forensics, physics, ballistics, visual effects and air pollution.
Approximately half (49%) of the workshop survey responders had previously utilized UNAVCO
resources. Other community resources had also been utilized at various levels.
• 49%
UNAVCO
• 15%
USGS
• 10%
OPEN TOPOGRAPHY
• 9%
NCALM
• 8%
INTERFACE besides UNAVCO
• 8%
CRREL
Many responders had not used any of the above community resources (25%), and many (9%)
indicated they were not aware of any community TLS resources prior to the workshop.
The outcome of the workshop included a suite of cumulative and “non-controversial”
recommendations for community facilities and sponsors to best support the current and future needs
of the terrestrial geodetic imaging community. These focused on four areas: TLS and geodetic
imaging 1) products, 2) metadata, 3) training and 4) support. The full set of recommendations is
presented in the workshop final report.
In many ways this workshop illustrates the progress made over the years from INTERFACE related
activities. Looking back, we see that INTERFACE helped remove barriers to data acquisition and
helped grow a community. Looking forward, we see exciting new science opportunities and a need
for continued community support.
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