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UAS

In uninterrupted service 
for over 3000 years

http://blog.modernmechanix.com/2006/07/14/carrier-pigeons-take-aerial-photos-with-new-camera/
http://upload.wikimedia.org/wikipedia/commons/3/3d/Postduif.jpg


Boldly Going Where No Man (or Woman) Goes: 
USGS Unmanned Aircraft

In dangerous and remote areas, such as polar regions, volcanic islands, and expansive deserts, remote-controlled 
unmanned aircraft can provide more detailed, more timely data about the status of natural resources and environmental 
conditions than would be feasible by any other means.  That is why the U.S. Geological Survey - long known as an 
authoritative source of aerial photography and satellite-based imagery - today announced that it is establishing a new 
program for earth observation using Unmanned Aircraft Systems (UAS).

“This exciting approach to earth observation gives scientists a way to look longer, closer, and more frequently at some 
of the most remote areas of the Earth, places that were previously too dangerous or too expensive to monitor in detail,” 
said Barbara J. Ryan, USGS Associate Director for Geography. “The flexibility and relative low cost of unmanned aircraft 
systems will enhance our ability to track long-term landscape change. In addition, we can quickly assess landscape 
altering events, such as wildfires or volcanoes, in areas with challenging logistics.”

In many cases, UAS technology is simply the most cost effective way to gather earth observation data for a wide variety 
of applications: managing federal lands; investigating climate change; mapping and charting; conducting environmental 
risk assessments; responding to and recovering from natural and human-induced disasters. 
Even in less remote areas, manned aircraft flights may not be feasible at times due to long flight durations, hazardous 
weather conditions, and associated operations cost. Satellite-based observations can be hindered by course image 
resolution, limited sensor capabilities, and repeat orbiting cycles of days or weeks. The use of UAS technology allows 
flexibility in delivering timely data. Furthermore, data collection by UAS can be specifically tailored to the required 
resolution and radiometric parameters of individual investigations.

An important focus of the USGS UAS Program, a component of the USGS Land Remote Sensing Program, is to leverage 
the commitment that the defense and intelligence communities have made in supporting UAS research. Working in 
partnership with many other Federal agencies, academia, and industry groups, the USGS will promote UAS technology 
for civil, domestic applications. Offices for the new program will be located at the USGS facility in Lakewood, Colo.



USGS UAS Program Office
The goal of the USGS UAS Program Office will be to 
support long-term outcomes that will directly benefit the 
Nation:

Improve natural hazard forecasting and the analysis of the      
impacts on the environment;
Improve our understanding of climate change to better plan 
for the likely impacts;
Broaden our abilities to monitor land use change and better 
understand and protect ecosystems;
Assess Arctic ice change and its impacts on ecosystems, 
coasts, and transportation;
Increase safety and effectiveness of wildland fire 
management; 
Develop precipitation and evaporation forecasting to better 
manage water resources.





SEBASS – June 2008 Mission



There is a near-term opportunity for the Survey to collect 
hyperspectral imagery in the long-wave infrared, utilizing 
the Aerospace Corporation's SEBASS instrument. 
SEBASS will be flown in June aboard a Twin-otter aircraft  
over numerous locations in the West (there's also a route 
connecting Reno and Grand Junction which doesn't 
appear on the map).  For a one-time cost of $25K, a 
buyer can select a site along the route and receive about 
4 hours of LWIR HSI data.  
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Volcano Monitoring

http://volcano.wr.usgs.gov/vhpstatus.php



May 13 (10:20PM HST) – June 17 (10:20 PM)

LOS lengthening (subsidence)

LOS shortening (uplift)

Ascending beam mode 2

May 24 EQ



Earthquake Monitoring
http://earthquake.usgs.gov/eqcenter/recenteqsus/

http://earthquake.usgs.gov/eqcenter/recenteqsww/

Measuring spatial and temporal patterns of surface deformation in 
seismically active regions are extraordinarily useful for estimating 
seismic risks and improving earthquake predictions

http://earthquake.usgs.gov/eqcenter/recenteqsus/


Nov 3, 2002 Denali Earthquake



• Lu, Wright, Wicks, EOS, 2003

Co-seismic deformation: Nov 3, 2002 Earthquake



Lu, Wright and Wicks, EOS 84, 2003
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Co-seismic deformation: Nov 3, 2002 Earthquake



Landslides
Measuring and documenting how landslides develop and are activated 
are prerequisites to minimize the hazards they pose in areas of rapid 
urban growth



July – August, 2004

Landslide monitoring from InSAR

• Lu et al., in prep.

Deformation: up to 4 mm/day

0 2.8 cm
Range Change



Mapping of changes in soil moisture with multi-temporal SAR images
Carlsbad, New Mexico

Lu and Meyer,
IJRS, 2002



Mapping of Mining-Related Subsidence



subsidence of > 60 cm

subsidence of > 30 cmSubsidence 
of ~5 cm

5 km

InSAR Image of 12/2006 – 06/2007, Utah

0 -12 cm



Glacier and Ice



Iceberg poses threat to mariners in Southern Ocean: The National Ice Center reported that a large iceberg, 
named B-10A, has entered shipping lanes between the Antarctic Peninsula and South America. The 
National Ice Center has been tracking B-10 since January, 1992. In the summer of 1995, the iceberg broke 
into two pieces; the larger of which became B-10A. The smaller iceberg drifted west in and along the 
Antarctic ice pack and eventually became too small to warrant tracking. The larger iceberg measures 24 by 
48 statute miles, is located in the vicinity of Latitude 58 degrees, 36 minutes South, Longitude 57 degrees 
West, and is drifting southeast at approximately seven to nine miles per day.

Iceberg B-10A was originally part of the larger B-10 iceberg and was once a piece of the Thwaites Ice 
Tongue, an extension of the Thwaites Glacier. The image at left was acquired by the synthetic aperture 
radar (SAR) on board the Canadian RADARSAT satellite, and appears here courtesy of the Canadian 
Space Agency and the NOAA National Environmental Satellite, Data and Information Service. SAR 
imagery combines excellent resolution (100 m) with the ability to sense the Earth's surface in darkness or 
through clouds, making it exceptionally useful for monitoring ice in polar regions.

Courtesy of National Ice Center

Iceberg poses threat to mariners

Iceberg B-10



Barrow ice mapping with 
SAR

Blue = Floating ice in 2005/05/12 
image
Red = Bright return in the 
2005/05/28 image; The area is 
very wet in the 2005/05/28 
image.
Black Lakes are ice covered but 
frozen to the lake bed in the 
2005/05/12 image and/or the ice 
is saturated with liquid water in 
the 2006/05/28 image. 
The primary threat to nesting 
habitat is on the southeast 
shores of the lakes. 

ENVISAT SAR images
B=2006/05/12HH
G=2006/05/12VV
R= 2006/05/28R. Rykhus



Land Cover



Crop classification derived from multi-temporal C-band ERS-1 SAR images over 
Flevoland, the Netherland (Schotten et al, 1995). For regions with persistent clouds, 
SAR imagery allows frequent monitoring of crop growth. 

Crop Classification



Averaged dB values for different vegetation classes

Kwoun & Lu, 2008







Mine Monitoring



ALOS PALSAR InSAR image of Dec 6, 2006 – June 8, 2007

Area 1

Area 2

Scene Approx.
70 km x 70 km



(38.995N/111.390W) 
subsidence of > 60 cm

(38.986N/111.323W) subsidence of 
> 30 cm

Subsidence of ~5 
cm

Zoomed in: Area 1

5 km



(39.465N/111.237W) Approximate 
location of Aug 6, 2007 earthquake 
and the collapsed mine. Signal-to-
noise ratio is relatively low. Any 
ground deformation can not be 
concluded from this image alone.

Zoomed in: Area 2

5 km



Land Subsidence Monitoring

http://pubs.usgs.gov/fs/fs-051-00/





Cropped Area Estimation in Ethiopia

Using commercial satellite imagery from WARP-UNIL 
to answer a fundamental question

of the food security community



Background
Nine million people in Ethiopia are at risk of 
food insecurity (FEWS NET, Feb 2007)
Largest food aid recipient in Sub-Saharan 
Africa
Good estimates of crop production are 
needed to properly design food aid programs

Too little food aid can result in otherwise 
avoidable suffering
Too much food aid can disrupt markets and 
create farmer disincentives



TM with classification

IKONOS with classification



Vision
•Constantly monitor volcanic and earthquake prone regions 

• Better understand what deformation information is telling us 
about Earth processes

•Utilize radar to monitor heavy cloud cover regions with vital 
agricultural (or other) resources

•Monitor mine regions where personnel are actively working

•Detect regions of landslide activity due to heavy rainfall

•Detect potential levee failure areas well before they occur



Potential Obstacles

•$

•h/w s/w capabilities

•Standards

•Trained Personnel

•Time



Questions

Email:  tcecere@usgs.gov

Phone:  703-648-5551
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