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Presenter
Presentation Notes
ARIA (Advanced Rapid Imaging and Analysis) is a joint project at JPL and Caltech. We use JPL’s expertise on space geodesy (GPS and InSAR) and Caltech’s expertise on seismology, and powered by JPL’s data system capability, we are building system that automatically responds to natural disaster events.
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ARIA is composed of many contributing projects, many of which are supported by NASA programs. Caltech funds and Korean fund also contributed. Blue-green pathway represents JPL R&TD project, under which prototype end-to-end system was developed. We are currently building cloud-computing capability and partnering with USGS for earthquake and volcano response. This presentation focuses on the DPM component of ARIA. DPM is being funded by NASA Applied Sciences program.
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So far spaceborne/airborne optical sensors have been used due to its intuitive data format and high resolution. However, optical sensors need daylight.
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Optical sensors also need clear sky.


Radar sensor @
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Radar can “see” through clouds and at night.
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Whereas, radar can “see” through clouds and at night.
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Our damage proxy map algorithm is still a prototype.
But it has been successfully tested to various type of disasters
With various type of instruments.


First Test of Damage Proxy Map for a Natural Disaster

Feb 2011 M6.3 Christchurch Earthquake

Derived from Radar data acquired
3 days after the earthquake

Damage Proxy Map (ALOS PALSAR)
2010.10.10-2011.01.10 — 2011.02.25

Original ALOS Data © JAXA, METI 2011

Damage zone map based on house/land inspection
8 months after the earthquake
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The zoning map from site investigations on the ground was updated after another 4 months (8 months after the earthquake), and the damage pattern became even closer to ARIA’s damage proxy map. 
This demonstrates the potential to achieve within a few days a synoptic damage map that is useful for rapid situational awareness.   


=
Hurricane Sandy Video from NASA/NOAA GOES-14 Satellite
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NASA/NOAA’s GOES-14 satellite acquired this time-lapse video. The red rectangle shows the COSMO-SkyMed scene footprint.
 





Hurricane Sandy

= Diameter 1600 km, Category 1 at landfall (2012-10-29 8PM EDT)
= Direct deaths: 147 (72 in the U.S.)
= ~650,000 houses damaged in the U.S.

= Damage: ~ $50 billion (2nd costliest next to Katrina)
Based on Hurricane Sandy Reports by National Hurricane Center and NOAA
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What made Sandy’s surge so high?

The ten top high-water events
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Unorthodox westward track
Vast size
Happened at a tidal peak
Long-term sea level rise
 


Damage Proxy Map v1 of New York City
Derived from COSMO-SkyMed Data
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Damage proxy map can be made as a kmz file with a raster image that can be overlaid on Google Earth. The red pixels represent anomalous change on the ground detected by the radar satellites. Severe damage along the coastline of Staten Island and Breezy Point visible with the prominent group of red pixels. The surrounding red rectangle is to indicate the analysis boundary, slightly smaller than radar scene boundary.


Hurricane Sandy Damage in New York City
Imaged with COSMO-SkyMed and
Mini-crowdsourcing

2012-10-29 8PM (EDT): Sandy landfall
2012-11-03 (Day 5): COSMO-SkyMed (X-band) data acquired
2012-11-09 (Day 11): Damage Proxy Map created
2012-11-13 (Day 15): Damage Proxy Map validated with 3 volunteers from GISCorps
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After Sandy’s landfall (Day 0) on the East Coast of the US, the ARIA team responded to the event and produced a damage proxy map using radar data from Italian Space Agency’s COSMO-SkyMed satellites. 
Then ARIA worked with GISCorps volunteers to validate each red pixels in the damage proxy map. The damage proxy map (Day 11) and the validated damage map (Day 15) were delivered to the International Charter. The validation was done by interpreting before (Google Earth) and after (NOAA’s aerial photos) high-res optical images at the locations of all the red pixels in the damage proxy map.


=
False Positives — Vegetation Change
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We noticed that there were two major types of false positives.
1. Vegetation change


False Positives — Anthropogenic Change
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2. And change due to human activities.


ARIA's Sandy Response Timeline Analysis
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Lessons learned from ARIA’s response to Sandy from the timeline analysis. When Hurricane Sandy hit, ARIA had no dedicated staff or system in place to support disaster response. 
Instead, researchers discovered the data manually, requested access via email, received data through FTP file transfer, and relied on standard phone and email communications with GISCorps volunteers.
As a result, the process of securing, processing, and validating data occurred over a period of 15 days—significantly longer than the 48-hour period preferable in disaster response. 
We decomposed the total latency into three different components: 1) data acquisition, 2) data discovery, transfer, and processing, 3) product validation. 
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More recently, we also responded to Super Typhoon Haiyan that devastated Tacloban area in the Philippines.


ARIA's Hai

“The biggest chall

Nancy Lindb
at the USAI

N Response Timeline

e is really just the scope of the damage.”

, assistant administrator for humanitarian assistance
on LATimes on Nov 26 (Day 18)

!_“* ARIA produces
& - DPMs 2013/11/11

COSMO-SkyM COSMO-SkyMed  ARIA accesses A% S B (11 hours after
acquires data acquires data 11/11  the data e __ data acquisition)
Day -81 DEVA) Day 3 Day 3 Day 3

09:00 00:00 09:00 14:00 20:00

time

" Haiyan hits Philippines
2013/11/08 00:00 UTC
y ey,

R N

Copernicus EMS

-1 produces damage
grading maps of
selected areas
2013/11/11

A\

N =y
GeoEye-1
acquires data 11/10

QY

b ] > |
b wr 4
N L & Y

/, > L J _—
JPL-Caltech™

ogenzia spaziale
italiana



Presenter
Presentation Notes
This time, we were able to reduce the data discovery, access, and processing latency, combined, down to 11 hours, which is a significant improvement compared to Sandy response (6 days). 

Nancy Lindborg is the assistant administrator for humanitarian assistance at the U.S. Agency for International Development
http://www.latimes.com/world/worldnow/la-fg-wn-philippines-typhoon-us-aid-20131125,0,4991096.story#ixzz2mUP9Tmmu


DPM Latency Reduction
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The data acquisition latency is decreasing with increasing number of space-borne radar missions.
The data handling and processing latency is decreasing with an automated system that ARIA is developing.
The reduction of product validation latency can greatly benefit from a well-designed crowdsourcing method. 
To this end, we are leveraging NASA DEVELOP program, as well as having discussions with Esri and Google for technical support.


Validation Tools for Volunteers
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A good, simple, intuitive interface for rapid validation is required to reduce the validation latency.


Web Interface (current polygon)
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 Web interface has two panes: one for before, and the other for after image. The damage proxy map pixels are converted and appear as unfilled polygons. Volunteers determine if there are damaged structure within their currently working polygon (highlighted in white).
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 They can assign “false positive”


Web Interface (true positive)
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 or true positive.


Web Interface (uncertain)
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 or uncertain.


Web Interface (true positive)
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 In this case, it’s true positive. Then the arrow button would automatically find and lead you…


Web Interface (next polygon)
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 to the next polygon to work on.
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 Mobile interface has “before” and “after” button, as the device has a smaller screen.
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Mobile Interface (after)
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 Basic usage is the same though, with the intuitive buttons.
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Mobile Interface (next polygon)
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Conclusions

Radar sensors have all-day and all-weather imaging capability, especially useful for
weather events. Future imaging radar satellites will visit disaster sites on Earth within 24
hours after a disaster event. The expected data acquisition latency in 2015-2020 is 8~15
hours.

A prototype algorithm for damage proxy map was developed and tested with L/C/X-band
1[addar data. The algorithm is under development with NASA's Applied Sciences Program
und.

ARIA team at JPL/Caltech, in collaboration with the Italian Space Agency, responded to
Hurricane Sandy and produced a damage proxy map of New York City, derived from X-
band COSMO-SkyMed data. The map was then validated with a mini crowdsourcing
organized by the GISCorps. 15 days were spent on the end-to-end all human-in-the-loop
response, including 4 days of validation.

We also responded to Super Typhoon Haiyan and produced a damage proxy map of
Tacloban area in the Philippines using COSMO-SkyMed data*. The total latency until the
production of the DPM was 3 days.

Simple and intuitive web/mobile tools are required for rapid validation. A proof-of-concept
is being developed with students supported by NASA's DEVELOP program.

* COSMO-SkyMed (CSK) data provided as part of a JPL-Caltech — Center for Earth Observations (CIDOT), Italian Space Agency (ASI)
technical collaboration (CSK data © 2013 ASI).

Copyright 2014. All rights reserved.
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