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•  Flooding is the most costly ($$ and 

humanitarian) natural disaster  
– 2011 Thailand Flooding: 600 deaths and 

$45.7 Billion USD damage [World Bank 
2011] 

•  Over two hundred million people live near 
volcanoes.  
– E=+&C*+;)$0&92;*)$#*&+.3(D2$&*)3"+0&0):)%+"&
!"#$%"%&'())(*+&,-.&T8!&E.)$"(2.4&<2::#""#2$+.&
'##:&d);;)"&WX&-(.#;&WVHVU&#$&)#.&4.)9+;,&423.#":,&
)$0&#$03"4.#);&0#".3(D2$P 
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SSMIS sensor on DMSP 
1 days data 25km/pixel resolution 

Hyperion Sensor on EO-1 
Ice breakup at Prudhoe Bay 
30m/pixel resolution 

•  Automatically determine areas of greatest 
change 

•  Automatically target with higher resolution 
limited swath sensors (e.g. EO-1) 

T. Doggett, R. Greeley et al, Arizona State University 
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MODIS Rapidfire [Justice et al.] 
 
MODIS imagery courtesy NASA Earth Observatory 

Visible and burn scar enhanced 
images from ALI instrument on 
EO-1 of Station Fire near Los 
Angeles 03 September 2009  
 
Images courtesy EO-1 Mission 
NASA GSFC  

Station fire, La Canada, August 2009 
EO-1/ALI:  30m resolution 

MODIS 
250m 
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Dry Flooded 

MODIS, 250m resolution 

Raw Image SVM Classified  
Surface Water Extent 

Worldview-2, 
2m resolution 
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"2:+D:+"&)h+.&HVV"&25&B+)."&2.&02.:)$*B&&

Chaiten volcano, 
Chile in a 2008 
eruption  
image courtesy 
USGS 
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15 April 2010, MODIS, NASA/GSFC/JPL 
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19 April 2010, MISR 
NASA/GSFC/LaRC/JPL, MISR Team 15 April 2010, AIRS - NASA/JPL 
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EO-1 ALI false color 
imagery of Eyafallajökull 
and Fimmvorduhals 
volcanoes acquired via 
Volcano Sensorweb.  
 
Image courtesy EO-1/
NASA GSFC Volcano 
Sensorweb JPL/A. 
Davies 
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Eyafallajökull 
 
2 Giga Watt Thermal 
emission 
 
Left – thermal false color 
Right – True color 
 
17 April 2010 
Image credit: 
NASA/JPL/EO-1 Mission/
GSFC/Volcano 
Sensorweb/Ashley 
Davies 



SensorWeb Imagery: EO-1 

12 A276_SensorWeb.ppt 

Namibia Flood  
SensorWeb 

2009 

Monterey Bay 
Ocean SensorWeb 

2008 

Thailand Flood 
& Fire 

SensorWeb 
2010 

Mt Erebus 
SensorWeb 

2008 

Caribbean Satellite 
Disaster Pilot 

SensorWeb 2009 

DR Congo 
Volcano 

SensorWeb 
2006 

Mt St 
Helens 2008 
SensorWeb Australia 

Flood  
SensorWeb 

2008 

Iceland Volcano 
SensorWeb 2010 

Worldwide coverage with many science disciplines 
flooding, oceanography, volcanology, forestry,! 
Nearly 10,000 SensorWeb Images as of 5/20/11 
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Process flow: 

14 
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Data 
Products 

Events 

14 
A276_SensorWeb.ppt 

What end data 
products do 
they want? 

How are 
products 
generated 
from raw 
data? 

How and 
where do they 
want the 
data? 

What 
potential data 
sources are 
there (space, 
air, marine, 
in-situ)?  
Which of 
these sources 
need be 
tasked?  
How are they 
tasked? 

When is an 
event 
happening? 



Technologies: 

15 
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Data 
Products 

Events 

15 
A276_SensorWeb.ppt 

Dashboards 
and mashups 
for user 
display 

Workflows for 
product generation 
– surface water 
extent, burn 
severity maps, 
volcano thermal 
output 

Workflows for 
data delivery 

Automated 
planning to 
task 
spacecraft 
(EO-1), 
marine 
assets, 
reconfigure 
in-situ 
sensors 

Workflows for 
automated 
data 
interpretation:  
spectral, 
support 
vector 
machine 
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CASPER Planner  
– response in 10s of minutes 

SCL – response in seconds with rules, scripts 

EO 1 Conventional Flight Software 
reflexive response 

Inside an “agent” – Autonomous Sciencecraft 

Onboard Science 

Band Extraction 

Observation 
Planner 

Spacecraft Hardware 

Raw Instrument Data 

Image 
Overflight  

Times 

High level  
S/C State  

Information 

Plans of Activities 
(high level) 

Sensor Telemetry 

Commands  
(low level) 

S/C State 

Control Signals  
(very low level) 

Observation 
Goals 

ICS 

12);"&

-;+.4"&

For further information see [Chien et al. 2005 JACIC] 
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For further information see [Huang et al. 2010 JSTARS] 
 
Integrated with multiple volcano observatories worldwide 
including: Iceland, Ecuador, Mount Erebus, Etna,!  
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'(#0+.&R20+&2$&/4&'4&N+;+$"&
• 15 nodes placed in crater and on flanks of Mount St. Helens 
• Network dynamically adjusted to optimum routing configuration 
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•  Onboard node software can detect events to change operating modes to 
capture critical events 
•  Quality of Service Node software ensures highest priority data is tranferred 
•  Example from OASIS Node 05 showing waveform, in-situ RSAM and in-situ 
event triggered QOS prioritization 

Pre-event  
buffer 

Seismic QOS 

RSAM 
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End-to-End ground and space cross-trigger 
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For further information see [Davies et al. 2006 RSE,  
Davies et al. 2008 JVGR, Davies et al. 2013 JGRl] 



WX&2 May 2010 – VIS                   2 May 2010 – SWIR                 4 May 2010 - SWIR                      
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bV&

Parameters: 
 
Mass Effusion rate:  6590.03 kg/s 
Volumetric Effusion rate: 2.64 m3/s 
Total Power loss:  1.98e+09 W 
Radiative Power loss:  1.61e+09 W 
Convective Power loss:  3.66e+08 W 
Total effective area :  7.98e+04 m2 

Effective temperature:  7.73e+02 K  
Look Angle:   12.63 deg. 
Range to Ground:  705.85 km 
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Thermal emission estimate is minimum value:   
 - estimates from short wavelength data 
 - thermal detections heavily impacted by cloud and/or plume! 
   ! and we would like to know by how much! 
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Volcano SensorWeb 

Alert: Uses alerts from  
multiple sources (in situ  
sensors, MODIS, AFWA, 
VAAC, et al.) 
Response: Alerts are used in a prioritized fashion to trigger follow up targeted 

satellite observations.  
Product Generation & Delivery: Rapid data processing, thermal maps, 
modeling of eruption parameters, and posting to end users. 
SensorWeb now includes in-situ sensor monitoring of Icelandic volcanoes:  
http://en.vedur.is/earthquakes-and-volcanism 

A. G. Davies / JPL 

A276_SensorWeb.ppt 

EO-1 Hyperion SWIR image 
of destructive lava flows at 
Nyamuragira, DR Congo,  
4 Dec 2006.  
 
This vital data acquisition 
allowed pinpointing of the 
vent and enabled accurate 
modeling of likely lava flow 
direction. 

2 km 

Main vent 
location 

DR Congo: 
Nyamuragira 

Lava 
fountains 

Lava 
flows 

“This was a stunning demonstration of the capability of 
an autonomous system to obtain and provide vital 
information during a volcanic emergency.” 
- Gari Mayberry, Geoscience Advisor, USAid 

Iceland:  
Fimmvorduhals,  1 April 2010  
EO-1 Hyperion SWIR image 

2 km 



bb&Figure 1 

N 

Nyamuragira 
4 Dec 2006 
07:59 UT 

Hyperion VIS    Classifier output 

Hyperion SWIR image of active vent and flows 

2 km 

Davies, A. G. et al., 2008, Proc. IEEE-AC 
Scott, M. (2008) Earth Imag. J., 5, no 2, 26-29.  
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Scott, M. (2008) Modelling by Paolo Papale (INGV) et al. 
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For further information see [Chien et al. 2011 IGARSS, Mclaren et al. 
2012 SPIE, Chien et al 2012 i-SAIRAS, Chien et al 2013 JSTARS] 



Flooding in Southeast Asia, Fall 2011 

Flood: October 27, 2011 
(MODIS) 
 

Dry: March 6, 2011 
(MODIS) 
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Digital Elevation 
Model (DEM) 
for Bangkok&



Courtesy: Hakan Serce, METU 

Linear kernel 
fast ( simply dot product ) 
inflexible 
C (error penalty) 
 

Gaussian (RBF) kernel 
slow 
flexible 
C (error penalty) 
" (Gaussian width) 

More than two 
classes can be 
separated recursively 

OIW&J;220&<;)""#g*)D2$&
Used Support Vector Machine (SVM) Technique: Finds a separating 
hyperplane between two labeled classes 
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Reflectance of WV2 scene of Bangkok w/ flooded Don Muang 
Airport, acquired 11.3.2011 
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Surface water extent (blue) from SVM classifier using 5th 
degree polynomial kernel on 8 WV2 bands 
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Confusion matrix for 5th degree polynomial SVM for 8 features, run on hold-out 
scene acquired November 3, 2011.  Overall classification accuracy: 96.0%. 

Confusion matrix for 5th degree polynomial SVM for 8 features, run for hold-out 
scene acquired November 8, 2011.  Overall classification accuracy = 95.1%. 
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Surface water extent (black) from thresholding WV2 green, 
NIR1 bands 
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Resulting water depth map calculated using SVM-classified surface 
water extent map and DEM. Total water volume calculated: 
~27,872,000 m3; average flooded pixel depth: 0.64 m. 
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Thailand Flood SensorWeb 
•  Detect: Pull 2x daily RAPIDFire subsetted MODIS data, support 

Vector Machine Learning (SVM) & band ratio methods of 
classifying gauging reaches against baseline dry scores 

•  Respond: Earth Observing 1 autonomously responds to acquire 
more detailed imagery 

•  Product Generation & Delivery: Data and flood products 
electronically delivered to Thailand Hydro Agro Informatics 
Institute (http://www.haii.or.th) 

A276_SensorWeb.ppt 

Detect: 
(L) MODIS imagery of Bang 
Pla Ma from 20 Jan 2011 
(R) Classified surface water 
extent from MODIS image 

Respond ! Generate ! Deliver 
(L) ALI imagery of Bang Pla Ma from 21 Jan 2011 
(R) Classified surface water extent from ALI image 

MODIS 28 Nov 2010 Imagery of 
Thailand Flooding (band 7-2-1) 
Est. damage over $1.67B USD  
[Thailand MCOT, CNN], Oct–Nov 2010 

S. Chien / JPL 

“The Thailand Flood SensorWeb 
provides a unique capability to 
detection, monitoring, response, and 
mitigation of flooding in Thailand”  
Dr. Royol Chitadron, Director, HAII 
Thailand 
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For further information see [Mclaren et al. 2012 SPIE] 
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MODIS, Acquired 15 April 2010 
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WorldView-2, acquired May 11, 
2010 

Classification: plume = black, 
shadow = gray, background = 
light 



O2.;0I#+KGW&6)4)&

WorldView-2 Image of 
Eyjafjallajökull eruption, acquired 
April 17, 2010 

Histogram-equalized image 
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•  TextureCam: framework  and library of image processing and classification 

techniques intended for integration into a “smart” instrument 
•  Uses training data to construct a random forest pixel classification system, 

combining result of multiple independent decision tree classifiers 
•  Each decision tree is a hierarchical sequence of tests applied to local image 

values in the neighborhood of the classified pixel.  Tests consider numerical 
attributes such as: 

•  Absolute intensity of a nearby location, relative to the target pixel 
•  Difference in intensity between two nearby locations 
•  Absolute difference in intensity between two nearby locations 

Class B!

test1 (x) <  t1 ?!

test2(x) <  t2 ?! test3 (x) <  t3 ?!

test4 (x) <  t4 ?!

Class C!Class A!

no!yes!

yes! yes! no!no!

x 
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Integrated classification map: 
black = plume, grey = shadow, light = 
land 

Probability Maps: 
White = higher 
probability Plume 

Shadow 

Land 
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Histogram-equalized WV2 image, 
acquired May 17, 2011 

Classification map: 
black = plume, grey = shadow, light = 
land 
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Terrain 

S/C 

sea level 

d

d’ 
d : Initial shadow length 
d’: Shadow length after projecting 
up to DEM & down along sun vector 
h : Plume point height 

* Plume edge point 

h
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Thailand Fire Sensorweb 

Detect: Uses FIRMS MODIS-based fire detection system  
to monitor National Heritage Areas and Wildlife  
Sanctuaries 
Respond: Alerts are used in a prioritized fashion to trigger  
follow-up targeted satellite observations by EO-1.  
Product Generation & Delivery: Imagery & burn severity  
products electronically delivered to National Park, Wildlife  
and Plant Conservation Department of Thailand  
(NPWPCD; http://www.dnp.go.th) 
 65 A276_SensorWeb.ppt 

Color image (L) & Normalized Burn Ratio (R) 
product of Huay Nam Dang acquired  
4 March 2011 in response to active fire alert 

S. Chien / JPL 

Salak 
Phra 

Khao 
Yai 

Salak 
Phra 

Salawin 

Huay 
Nam 
Dang 

Doi 
Suthep 

Pui 

“We are currently using the system to monitor fire 
activity in six critical areas of Thailand.” 

–  Director General, National Park, Wildlife & 
Plant Conservation Department of Thailand 
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For further information see [Schofield et al. 2010 EOS, 
Wang et al. 2012 CR, Thompson et al. 2010 ICRA, 
Dahl et al. 2011 IROS] 
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EARTH AND ENVIRONMENT36

FIGURE 4.

Some of the transformative developments that could become routine within 5 years with the added 
power of a cabled support system. The top image shows miniaturized genomic analysis systems 
adapted from land laboratories to the ocean to allow scientists, with the flip of a switch in their 
lab hundreds of miles away, to sample ambient flow remotely and run in situ gene sequencing 
operations within the ocean. The data can be made available on the Internet within minutes of the 
decision to sample microbes in an erupting submarine volcanic plume or a seasonally driven phy-
toplankton bloom. The lower part shows a conceptual illustration of an entire remote analytical-
biological laboratory on the seafloor that allows a variety of key measurements or dissections to be 
made in situ using stereo high-definition video to guide high-precision remote manipulations. 

Scientific concepts by Ginger Armbrust and John Delaney; graphic design by Mark Stoermer for CEV.
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Rugters gliders coordinating around 
a Hyperion / EO-1 overpass 
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Autonomy Demo!
•  OBP single HH channel!

–  Amplitude segmentation / “oil slick” algorithm processes 
geolocated backscatter images.!

–  Detected features broadcast to local network!
•  OGC Sensor Alert Service (SAS) packets!

•  CASPER has baseline plan of flight loaded!
–  Monitors GPS data to update plan in real time!
–  Receives SAS packets as Points of Interest (POI)!

•  POI are checked against baseline to see if they are already 
covered by the remainder of planned flight!

•  Non-covered POI result in a replan!
–  CASPER replans respecting!

•  Flight Plan constraints (using specialized UAVSAR flight 
planner) with deadlines, minimizing flight time!

•  Onboard Resources!



Flight Demonstration 1/2012!

•  Base line 
flight plan:!
–  fp340v01!

February 2012 



End-to-End Demo!
•  Actual 

aircraft 
path in 
blue!

•  First half 
of planned 
flight!

February 2012 



•  First data 
acquisition 
begins!

6)4)4)^+&
Wb[H]&

February 2012 



Images acquired!
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Images processed and alerts 
generated!
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CASPER  Replanning!
– Fuel 

constraint!
– POI time-

to-live 
constraint!

!

R+K&
6)4)4)^+,&?FC&

53;;g;;+0&
?FC&&

0+)0;#$+"&

6)4)&.+*2.0+.&
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J3+;&
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Replan result – flight plan 
delta to ROW!

•  CASPER continuously 
monitors GPS stream for 
progress through current 
flightplan!

•  POI are added to schedule as 
optional goals!
–  Casper will insert new datatakes 

into plan sequence !
•  at least cost (Fuel) to fullfill goals !
•  provided sufficient remaining fuel 

and datastorage!
•  Datatake is from a precompiled 

library of datapaths!
•  New plan compiled for the 

UAVSAR platform!
–  Human readable difference in 

plans generated!
•  POI could originate from 

another sensor/platform!
–  Have capability to generate new 

datatakes but did not 
demonstrate due to operational 
restrictions!

<=)$%+&#$&J;#%=4?;)$&
R2Dg*)D2$&42&

R)9#%)D2$&'B"4+:&

R+K&(;)$&*2:(#;+0&_&
()*^)%+0&52.&!-I'-7&

2(+.)D2$"&
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Flight 
continues!

February 2012 



Subsequent 
data is 
collected, 
processed, 
and further 
alternative  
re-plans from 
baseline are 
generated!

February 2012 



... but only 
one will be 
selected 
for 
execution 
(cost and 
logistics).!

February 2012 



Single 
replan 
selected – 
23519 
(repeat of 
first) at 
third to 
last 
datatake.!

February 2012 



Pilots confirm 
airspace 
and flight 
plan change 
with FAA!

February 2012 



…Diversion from original 
flight plan…!

Original plan 

Actual 
path / 
replan 

February 2012 



…resume original flight… !

Original plan 

New R+K&
6)4)E)^+&

February 2012 


