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Abstract

Space, Air, In-situ, and Marine assets have been
integrated into sensorwebs to enable detection,
tracking, and response to a wide range of terrestrial
phenomena. These techniques have been used to
track flooding, cryosphere, volcanism, oceanographic
events, and many other events of humanitarian,
scientific, and environmental importance.

We describe how sensorwebs have been deployed
to monitor numerous phenomena to great impact and
how artificial intelligence techniques such as machine
learning, automated planning, and automated data
analysis are being leveraged to enable these
sensorwebs.

Introduction

Space-based sensorweb activities [Chien et al. 2005]
have been ongoing focusing on the use of the Earth
Observing One spacecraft over the period 2003-2013 and
are ongoing. In this time period the work has grown to
include other space assets, aerial platforms, marine
platforms, and in-situ platforms. In my talk I will survey
this work focusing on applications where artificial
intelligence techniques can have significant impact.

Automated planning & scheduling for space assets is a
central theme. Most of the efforts described here are
enabled by the automated tasking capability of the Earth
Observing One mission [Chien et al. 2000, Chien et al.
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2005, Chien et al. 2010]. However, machine learning and
other automated classification methods are key in event
detection and data analysis.

Wildfire Sensorweb

Sensorweb approaches have use space-based remote
sensing assets to assist in wildfire management [Chien et
al. 2005]. Early work was in collaboration with the United
States Forestry Service [Mandl et al, 2008] and later
included collaboration with NASA Ames using and Ikhana
UAS. Space-based assets have also been used to track
wildfires in Thailand [Chien et al. 2011].

Flooding Sensorweb

Sensorweb approaches have been applied primarily using
space-based remote sensing techniques to Thailand [Chien
etal. 2011, 2012, 2013]. This flooding application has also
leveraged the use of high-resolution commercial products
[Mclaren et al. 2012, Chien et al. 2012]. Sensorweb
techniques have also been used in flood monitoring in
Namibia [Alleyne et al. 2012, Mandl et al. 2012] as part of
CEOS.

Volcano Sensorweb

Sensorweb approaches have been used to direct space
assets and also to automatically trigger derivation of
analysis products [Chien et al. 2005, Davies et al. 2006,
Chien et al. 2011]. These techniques have enabled unique
studies of terrestrial volcanoes such as Mount Erebus
[Davies et al. 2008] and Eyjafjallajokull [Davies et al.
2013]. Space assets have also been integrated with in-situ
assets at numerous volcanoes including in Antarctica,
Iceland [Chien et al. 2011], Mount Saint Helens [Huang et



al. 2010], Ecuador, and Mt Etna. High-resolution
commercial imagery has enabled estimation of ash plume
height to provide a unique product from space-based
imagery [Mclaren et al. 2012].

Marine Sensorweb

Marine assets have been integrated into a sensorweb as
part of the Ocean Observatories Initiative [Schofield et al.
2010, Wang et al. 2012, Dahl et al. 2011, Thompson et al.
2010]. In related work the Monterey Bay Aquarium
Research Institute has deployed considerable single and
multi-asset autonomy for oceanographic exploration
[McGann et al. 2008, Das et al., 2010, 2011].

UAVSAR Sensorweb

The JPL/NASA Uninhabited Aerial Vehicle Synthetic
Aperture Radar (UAVSAR) [UAVSAR] has also been
integrated with onboard processing [Doubleday et al.
2011a,b] and restasking to participate in an Earth
Observing Sensorweb [Lou et al. 2011]. This effort has
been demonstrated in several deployments culminating in
flights using a surface feature detection re-tasking the
UAVSAR aircraft.

Extra-terrestrial Sensorweb

There are many applications of sensorweb technologies to
extra-terrestrial settings. However, there are relatively few
settings in which there are enough assets to warrant the
approach. At Mars, concepts have been developed that
would leverage detection and response techniques of the
MER rovers such as WATCH [Castano et al. 2008] and
AEGIS [Estlin et al. 2012] and proposed Mars Odyssey
capabilities [Castano et al. 2007].

Acknowledgements

We would like to acknowledge the many partners in this
work including: The Earth Observing One Mission,
JPL/NASA Volcano, Flood, and UAVSAR Sensorweb
Teams, including the Goddard Space Flight Center, NASA
Ames Research Center, United States Geological Survey,
Cascade  Volcano  Observatory, Hawaii  Volcano
Observatory, Washington State University, UCSD, SIO,
Rutgers, MIT, ASU, U. Arizona, MEVO/NMT, U. Iceland,
Iceland Meteorological Office, Hydro Agro Institute of
Thailand, Khon Kaen U., U. Maryland, The Geophysical
Institute of the National Polytechnic School of Ecuador
(IGEPN), University of Florence, Dartmouth Flood
Observatory, and the National Snow and Ice Data Center.

References

Alleyne, N., Eddy, A., Frye, S., Saulnier, J. F., Aube, G.,
Seguin, G., ... & Mandl, D. (2012, July). Caribbean
Satellite Disaster Pilot: A CEOS activity for GEO in
support of GEOSS. In Geoscience and Remote Sensing
Symposium (IGARSS), 2012 IEEE International (pp. 2994-
2997). IEEE.

A. Castano, A. Fukunaga, J. Biesiadecki, L. Neakrase, P.
Whelley, R. Greeley, M. Lemmon, R. Castano, S. Chien,
“Automatic detection of dust devils and clouds at Mars,”
Machine Vision and Applications, October 2008, vol. 19,
No. 5-6, pp. 467-482.

R. Castano, K. Wagstaff, S. Chien, T. Stough, B. Tang,
Onboard analysis of uncalibrated data for a spacecraft at
Mars, Proceedings of the 13" International Conference on
Knowledge Discovery and Data Mining, August 2007, San
Jose, CA.

S. Chien, R. Knight, A. Stechert, R. Sherwood, and G.
Rabideau, "Using Iterative Repair to Improve the
Responsiveness of Planning and Scheduling," Proceedings
of the Fifth International Conference on Artificial
Intelligence Planning and Scheduling, Breckenridge, CO,
April 2000.

S. Chien, R. Sherwood, D. Tran, B. Cichy, G. Rabideau, R.
Castano, A. Davies, D. Mandl, S. Frye, B. Trout, S.
Shulman, D. Boyer, “Using Autonomy Flight Software to
Improve Science Return on Earth Observing One, Journal
of Aerospace Computing, Information, & Communication,
April 2005, ATAA.

S. Chien, B. Cichy, A. Davies, D. Tran, G. Rabideau, R.
Castano, R. Sherwood, D. Mandl, S. Frye, S. Shulman, J.
Jones, S. Grosvenor, “An Autonomous Earth Observing
Sensorweb,” IEEE Intelligent Systems, May-June 2005,
PP 16-24.

S. Chien, A. Davies, J. Doubleday, D. Tran, S. Jones, E.
Kjartansson, K. Vogfjord, M. Gudmundsson, T.
Thordarson, D. Mandl, “Integrating Multiple Space and
Ground Sensors to Track Volcanic Activity,” 34th
International Symposium on Remote Sensing of
Environment, April 2011, Sydney, Australia.

S. Chien, J. Doubleday, D. Mclaren, A. Davies, D. Tran,
V. Tanpipat, S. Akaakara, A. Ratanasuwan, D. Mandl
“Space-based Sensorweb Monitoring of Wildfires in
Thailand,” International Geoscience and Remote Sensing
Symposium, Vancouver, BC, July 2011.

S. Chien, J. Doubleday, D. Mclaren, D. Tran, V. Tanpipat,
R. Chitradon, S. Boonya-aroonnet, P. Thanapakpawin, D.
Mandl, “Monitoring flooding in Thailand using Earth
observing One in a Sensorweb,” IEEE JSTARS, 2013.



K. Dahl, D. R. Thompson, D. McLaren, Y. Chao, S. Chien.
Current-Sensitive Path Planning for an Underactuated
Free-floating Ocean Sensorweb.IEEE/RSJ International
Conference on Intelligent Robots and Systems, Sep. 2011.

A.G. Davies S. Chien, V. Baker, T. Doggett, J. Dohm, R.
Greeley, F. Ip, R. Castailo, B. Cichy, G. Rabideau, D. Tran
and R. Sherwood, “Monitoring Active Volcanism with the
Autonomous Sciencecraft Experiment (ASE) on EO-1,”
Remote Sensing of Environment, vol. 101, no. 4, 2006, pp.
427-446.

A. Davies, J. Calkins, L. Scharenbroich, R. Vaughan, R.
Wright, P. Kyle, R. Castano, S. Chien, and D. Tran,
“Multi-Instrument Remote and In Situ Observations of the
Erebus Volcano (Antarctica) Lava Lake in 2005: a
Comparison with the Pele Lava Lake on the Jovian Moon
Io,” Journal of Volcanology and Geothermal Research,
2008.

A. G. Davies, S. Chien, J. Doubleday, D. Tran, T.
Thordarson, M. Gudmundsson, A. Hoskuldsson, S.
Jakobsdottir, R. Wright, D. Mandl, “Observing Iceland's
Eyjafjallajokull 2010 Eruptions with the Autonomous
NASA Volcano Sensor Web", Journal of Geophysical
Research - Solid Earth, 2013.

J. Das, K. Rajan, S. Frolov, J. Ryan, F. Py, D. Caron and
G. S. Sukhatme. Towards Marine Bloom Trajectory
Prediction for AUV Mission Planning. IEEE International
Conference on Robotics and Automation (ICRA), May
2010, Anchorage, AK.

J. Das, T. Maughan, M. McCann, M. Godin, T. O'Reilly,
M. Messié, F. Bahr, K. Gomes, F. Py, J.Bellingham, G. S.
Sukhatme and K. Rajan, Towards Mixed-initiative, Multi-
robot Field Experiments: Design, Deployment, and
Lessons Learned In International Conference on Intelligent
Robots and Systems (IROS) 2011, San Francisco

T. Doggett, R. Greeley, A. G. Davies, S. Chien, B. Cichy,
R. Castano, K. Williams, V. Baker, J. Dohm and F. Ip
(2006) Autonomous On-Board Detection of Cryospheric
Change. Remote Sensing of Environment, Vol. 101, Issue
4, pp. 447-462.

J. Doubleday, S. Chien, Y. Lou , “Low-latency DESDYNI
data products for disaster response, resource management,
and other applications,” 34th International Symposium on
Remote Sensing of Environment. Sydney, Australia, April
2011.

J. Doubleday, D. McLaren, S. Chien, Y. Lou, “Using
Support Vector Machine Learning to automatically
interpret MODIS, ALI, and L-band SAR remotely sensed
imagery for hydrology, land cover, and cryosphere

applications,” Proceedings of the Workshop on AI and
Space, International Joint Conference on Artificial
Intelligence, Barcelona, Spain, July 2011.

T. Estlin, B. Bornstein, D. Gaines, R. C. Anderson, D.
Thompson, M. Burl, R. Castafio, M. Judd, AEGIS
Automated Targeting for the MER Opportunity Rover,
ACM Transactions on Intelligent Systems and Technology,
V.3,No.3,2012.

R. Huang, M. Xu, N. Peterson, W. Song, B. Shirazi, R.
LaHusen, J. Pallister, D. Dzurisin, S. Moran, M. Lisowski,
S. Kedar, S. Chien, F. Webb, A. Kiely, J. Doubleday, A.
Davies, D. Pieri, “Optimized Autonomous Space In-situ
Sensor-Web for Volcano Monitoring,” IEEE Journal of
Selected Topics in Applied Earth Observations and
Remote Sensing, 2010.

F. Ip, J. Dohm, V. Baker, T. Doggett, A. Davies, R.
Castano, S. Chien, B. Cichy, R. Greeley, R. Sherwood, D.
Tran, G. Rabideau, Flood detection and monitoring with
the Autonomous Sciencecraft Experiment onboard EO-1,
Remote Sensing of Environment, Volume 101, Issue 4, 30
April 2006, Pages 463-481.

Y. Lou, S. Chien, D. Clark, J. Doubleday, R.
Muellerschoen, C. Wang, “Onboard Radar Processing
Development for Rapid Response Applications,” Earth
Science Technology Forum, June 23-25, 2011, Pasadena,
CA.

D. Mandl, R. Sohlberg, C. Justice, S. Ungar, T. Ames, S.
Frye, S. Chien et al. "A space-based sensor web for
disaster management." In Geoscience and Remote Sensing
Symposium, 2008. IGARSS 2008. IEEE International, vol.
5, pp- V-294. IEEE, 2008.

D. Mandl, S. Frye, P. Cappelaere, R. Sohlberg, M. Handy,
R. Grossman, (2012). The Namibia Early Flood Warning
System, A CEOS Pilot Project. In Geoscience and Remote
Sensing Symposium (IGARSS), 2012 IEEE International.
IEEE.

C. McGann, F. Py, K. Rajan, R. Henthorn and R. McEwen.
A  Deliberative  Architecture for AUV  Control.
International Conf. on Robotics and Autonomation (ICRA)
2008. Pasadena, CA.

D. Mclaren, J. Doubleday, S. Chien, “Automated tracking
of flooding using WorldView-2 imagery,” Algorithms and
Technologies for Multispectral, Hyperspectral, and
Ultraspectral Imagery XVIII, SPIE Defense, Security, and
Sensing, Baltimore, MD, April 2012.



D. Mclaren, D. R. Thompson, A. G. Davies, M.
Gudmundsson, S. Chien, “Automatic estimation of
volcanic ash plume height using Worldview-2 imagery,”
Algorithms and  Technologies for  Multispectral,
Hyperspectral, and Ultraspectral Imagery XVIII, SPIE
Defense, Security, and Sensing, Baltimore, MD, April
2012.

0. Schofield, S. Glenn, J. Orcutt, M. Arrott, M. Messinger,
A. Gangopahyay, W. Brown, R. Signell, M. Moline, Y.
Chao, S. Chien, D. Thompson, A. Balasuriya P.
Lermisuaux, M. Oliver, “Automated Sensor Networks to
Advance Ocean Science, EOS - Transactions of the
American Geophysical Union, V. 91 No. 39, September
2010, pp. 345-346.

D. R. Thompson, S. Chien, Y. Chao, P. Li, B. Cahill, J.
Levin, O. Schofield, A. Balasuriya, S. Petillo, M. Arrott,
M. Meisinger. “Path Planning in Strong, Dynamic,
Uncertain Currents,” IEEE Conference on Robotics and
Automation, Anchorage, AK, May 2010.

X. Wang, Y. Chao, D. R. Thompson, S. A. Chien, J.
Farraraa, P. Li, Q. Vu, H. Zhang. Multi-model Ensemble
Forecasting and Glider Path Planning in the Mid-Atlantic
Bight. Continental Shelf Research 2012.



